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EXECUTIVE SUMMARY

The African continent is a place of great
contradictions, withacultural diversity that is
unmatched, world-renowned wildlife popul a-
tions, the promise of economic development,
and abundant natural resources. Africaisalso
aplace of war, famine, and disease, including
an AlIDS epidemic. Two-thirdsof the African
continent iseither arid or semi-arid, where ag-
riculture is problematic or incompatible. In
these areas, livestock production and wildlife
conservation are the most common forms of
land use. In Kenya, for example, rangelands
support over 25% of the human popul ation of
that country, and over half of the livestock
population. About 80% of Kenyan large wild-
life are also found in these areas, and income
from tourism has become an important source
of revenue. For thousands of yearsthe pasto-
ral people of East Africawere ableto persist,
and even flourish, in spite of periods of
droughtsand disease, and to coexist with large
herbivores. Today that long-standing pattern
of success appears to be disrupted.
Pastoralists well being, livestock, and wild-
life populations, and the diversity of ecosys-
tems are declining. The program supporting
our work, the Global Livestock Collaborative
Research Support Program (GL-CRSP) of the
USAgency for International Development, has
among its strategic objectives to assist devel-
oping countries to identify and remedy prob-
lems in livestock production, to enhance the
nutritional statusand incomes of livestock pro-
ducers, and to do so “while monitoring the
effects of production on the environment and
exploring the integration of production sys-
temswith therational use of natural resources,
such as wildlife.” These objectives led usto
propose the Integrated Management and As-
sessment System (IMAS) project to help man-
agers and stakeholders balance food security,
wildlife conservation, and ecosystem integrity.

In IMAS we focused upon two semi-arid
areas in East Africa, Ngorongoro Conserva-
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tion Area in northern Tanzania, and Kajiado
District, southwestern Kenya. The sites are
both locations of great experimentsin balanc-
ing human well being, pastoral land use, and
conservation. Ngorongoro ConservationArea
(NCA) is aworld-renowned wildlife conser-
vation areathat isalso inhabited by morethan
50,000 Maasai and their livestock. The man-
agers of the area have a mandate to balance
the needs of humans and wildlife in NCA,
while drawing income from tourists visiting
sites such as Ngorongoro Crater.  Livestock
populations in NCA have been relatively
stable, but human populations have increased
dramatically. This has led to a dramatic de-
crease in the number of livestock per person,
a measure of the wealth and well being of
pastoralists. This reduction in relative num-
bers of livestock has been offset somewhat by
cultivation; Maasai in NCA may cultivate
small plots of land. The main limitation on
livestock production in NCA is the annual
migration of wildebeest from Serengeti Na-
tional Park. Wildebeest are the most numer-
ous large herbivores on NCA during the wet
season, then move into the Serengeti at other
timesof theyear. Maasal grazetheir cattle on
the short grass plains until the early wet sea-
son (January), but must movetheir animalsto
the midlands and highlands because wilde-
beest calves carry a virus causing malignant
catarrhal fever in cattle. Cattle are therefore
concentrated in the high elevation areas dur-
ing thewet season. High elevation areashave
the most ticks in NCA, and their populations
are highest in the wet season, and so many
Maasal livestock arelost to tick borne diseases
such as East Coast Fever. Livestock concen-
trated in the midlands and highlandsalso leads
torange degradation. Ingenerd, livestock and
wildlife continue to be viewed as competitors
for forage, and as posing risks to each other
for disease transmission.

Theother mgjor study site, Kgjiado Didtrict,
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contains Amboseli National Park, and the
northern slopes of Mount Kilimanjaro. Wild-
life of Amboseli expand their ranges during
the wet season to graze across the entire ba-
sin, then in the dry season their ranges col-
lapse to include Amboseli National Park and
the surrounding areas that have permanent
water sources. Some of those water sources
are large swamps fed by springs draining the
slopes of Mount Kilimanjaro. In southern
Kajiado, some key swamps have been fenced
to protect drinking water and water for irriga-
tion, and have been surrounded by cultivation.
These barriers limit the access of wildlife to
the swamps. Another ongoing change that
makes Kajiado unique is the formation of
group and individual ranches. In the 1960s,
large blocks of land called Maasai sections
were divided into smaller group ranches, to
be managed jointly by ranch members. The
rancheswere put in-placetoimprovelivestock
production, promote the devel opment of com-
mon resources, and encourage the long-term
ownership of thelandsby theMaasal. Inprac-
tice, group ranches have generally not been
managed jointly, and fragmentation of thedis-
trict continues. The movements of Maasal
within the district are now limited by ranch
boundaries, reducing the options available to
them during times of drought, for example.
Fencing associated with group ranches limits
the movements of wildlife as well. In gen-
eral, wildlife populations in the greater
Amboseli ecosystem are declining precipi-
tously, while human populations are expand-
ing and economic activities are intensifying.
Thesethreats and others highlight the need
for a system that allows managers and stake-
holdersameans of assessing ecosystem effects
as awhole. Further, governmental and non-
governmental groupsin East Africafully sup-
port integrated approaches to management.
TheKenyaAgricultural Research Institute and
the International Livestock Research Institute,
and private groups such as the Inuyat e-Maa,
anon-governmental organization representing
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Maasal interests, are working together to ben-
efit East African pastoralistsand livestock de-
velopment. InTanzania, Wildlife Management
Areas are being formed, which will bring to-
gether competing interest groups to manage
for sustainable wildlife populations while as-
sisting arearesidents. Toolsand assistance that
would enable these groups to make decisions
based upon the integration of available infor-
mation are needed; that was the goal of the
GL-CRSPIMAS project.

A team of 52 scientists, administrators, and
students cooperated to attain the GL-CRSP
IMAS goals. In the most general sense, the
subprojects performed under GL-CRSPIMAS
were designed to support the development of
a tool to conduct integrated assessments of
alternative policies, with the SAVANNA mod-
eling system at itscenter. Field and GISwork
gathered datafor usein setting-up the ecosys-
tem model and disease models and a socio-
economic model were created to broaden the
applicability of SAVANNA. However, the
interests and expertise of IMAS scientists, le-
veraged funding, and other opportunities that
presented themselves, allowed usto extend our
assessment beyond model support. In prac-
tice, subprojects were put in-place under GL-
CRSPIMAS, and each of theseis summarized
below.

Forageyield and chemica compositionwas
assessed at threesitesinthe NCA, Ngorongoro
Crater, Esilwa, and Malanja, using established
methods. Forage yield was higher in
Ngorongoro Crater than for other areastested.
Conversely, crude protein and ash valueswere
higher for Esilwa, an area outside the crater.
In general, the wooded Esilwa site supported
higher quality forage, but in lower quantities.
Range condition ratingsfor the three assessed
sitesin NCA were: ‘good’ for the crater and
Malanjaand ‘fair’ for Esilwa. Onacompara-
tive basis, Malanja was far less utilized than
the other two sites, although it had the great-
est amount of forageyield. Erosion and over-
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grazing were prevaent in Esilwa, and wasthe
most heavily used of thethree areas (30% use).
Soil organic matter content was low. Forage
yields between the dry and wet seasons were
896 and 1,552 kg dm/ha respectively. Al-
though Esilwawasin ‘fair’ condition, itsfor-
age chemical composition was higher in both
seasonswhen compared with Malanjaand the
Crater. The average forage yield for
Ngorogoro Crater was 2,547 and 2,608 kg
DM/ha for the dry and wet seasons, respec-
tively. Thecrater had twicethe number of wild
herbivoresin the wet season compared to the
dry season. For four sitesassessed, forage use
in the crater was between 10% and 18%. In
general, forage yield, protein content, and
crudefiber increased with annual precipitation.
These factors correlated with increased num-
bers of migratory wild herbivores during the
wet seasons. Climate or seasonal variations
were the key factors that brought about
changesin wild herbivore numbersin the wet
and dry seasonsrespectively. Inarelated study,
the body condition and forage selection of live-
stock in NCA was assessed using fecal analy-
ses. Forage dry mass was between 2,300 kg/
haand 2,780 kg/ha, on average, with the high-
est yield being 4,500 kg/ha. The average dry
mass values ranged from 91.2% to 95.3% for
Aspillia mosambicensis and “Arang’ awa’ re-
spectively. Theaverage crude protein ranged
from 4.5%to 17.7% for Pennisetum schimperi
and Trifolium subrotundum, with a mean of
10.2%. Livestock Body Condition Scores
during May were M+ for cattleand F for goats.
This implied that during this time livestock
were in good condition.

In correlational analyses at Kiboko Range
Research Station, Kenya, distanceto water was
strongly correlated to altitude because most
water sources are along the Kiboko River and
the adjacent plains, which areat low altitudes.
Erosion was not strongly correlated to rainfall
indicating that factors that contribute to ero-
sionintheareawere aresult of land use prac-
tices. Soil nitrogen and phosphorous positively
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correlated to grazing intensity. Grazing inten-
Sity isnegatively correlated with soil moisture
at all levels, thisis probably dueto the effects
of livestock trampling on soil physical char-
acteristicsand the grazing effectson cover and
biomass. Ordination analyses conclude that
herbaceous standing crop in the prolonged dry
season in the study area was generally deter-
mined by soil moistureat 5 cm depth, distance
to watering points and the level of erosion.
Small-scale ranches were associated with ero-
sion and high weed biomass. Kiboko group
ranch, inwhichthe pastoralistsarelargely sed-
entary, was also associated with erosion and
low soil moisture. Ordination of sitesin re-
spect to cover produced relatively distinct
grouping of sites under similar management.
Small scaleranchesof Olkarkar and M eruseshi
were associated with high soil nitrogen, high
livestock density and dominated by
Pennisteum mezianum.  Sites in the conser-
vation areas of Chyulu reserve and Kiboko
station were associated with low stocking den-
sity and great distance to water. Sites in
Kiboko group ranch and small scale mixed
farmswere associated with high nitrogen, low
soil moisture and high percentage of bare
ground.

We compiled spatial data to supported spa-
tial analyses, as well as ecosystem modeling
using the SAVANNA model, socioeconomic
modeling, and wildlife and livestock disease
description and modeling. Landsat Thematic
Mapper data was acquired for the Serengeti
Ecosystem and Kagjiado District, and used to
make vegetation maps of the study sites. Nor-
malized difference vegetation indices calcu-
lated from weather satellite images were
merged into a spatial database, and used in
analyses. Other regional spatial layers gath-
ered included political boundaries, game re-
serves and conservation areas, demographic
data, agricultural statistics, topographic infor-
mation, soils information, climatic data, and
land cover.
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Detailed spatia |ayershave been compiled
for NCA and Kgjiado District. Land cover
maps were made for NCA and Kgjiado Dis-
trict, which were used in ecosystem modeling
and in analyses of vegetation change in both
areas. Water sources were compiled or ac-
quired for the sites, and distance to water maps
were calculated for usein modeling. Detailed
soils maps were acquired for the areas, and
we created maps showing the relative densi-
ties of livestock and wildlife species in each
site. A spatial layer showing the distribution
of bomasin NCA and L oliondo was acquired,
for use in modeling. In Kgjiado, arelatively
recent atlaswas available, sothoselayerswere
digitized, such as roads, ecozones, and group
ranches. Aerial surveys of wildlife by the
Kenyan Department of Resource Surveysand
Remote Sensing were made available to us,
and simplified versions merged into our spa-
tial databased.

Spatial analyses conducted addressed veg-
etation change in Ngorongoro Crater and
Amboseli Basin; in Amboseli, alarge portion
of the study area has been converted to small-
scale agriculture and some degraded in terms
of vegetation resourcesasaresult of overgraz-
ing failing to take into consideration the vul-
nerability of the range ecosystem. In sum,
declining vegetation cover, formation of ero-
siona sites, abandonment of cropping fields,
declining water availability, and wildlife re-
duction in number and species diversity can
be seen to be the outcomes of recent land use
changes, settlement, expanding cultivation and
changing climatic conditions within the study
area. A spatial analysis focused on the im-
pacts of water development on the distribu-
tion and diversity of wildlife, comparing the
semi-arid savannain Kgiado to arid savannas
in northern Kenya. In the arid savannas, hu-
man presence and livestock foraging excludes
wildlife from within 5-10 km of water points.
In Kgjiado, where forage is more abundant,
wildlife and livestock strongly intermix, with
no exclusion of wildlife by livestock and

€92 Global Livestock CRSP, IMAS Report. 2001

people. Analyseswere also conducted for al
of Africa, mapping the large mammal diver-
Sity expected in conservation areas, and com-
paring that to expected increases in human
population. The analyses indicate that East
Africawill bethe areawith both high species
richness in conservation areas and large
stresses on those areas from expanding human
populations.

We adapted the SAVANNA modeling sys-
tem to NCA, creating an integrated manage-
ment and assessement system that allows us-
ers to conduct sixteen experiments reflecting
potential management questions. The model
was parameterized for NCA, and acontrol was
run for use in comparisons with experimental
results. The experiments addressed changes
in rainfal, livestock populations, veterinary
practices, grazing lands available, water
sources, and human population growth and
cultivation. Whenrainfall wasreduced to rep-
resent atwo-year drought, changes one might
expect were simulated by the IMAS tools, in-
cluding areduction in vegetation, with shrub
biomass declining from 150 g/m? to 100 g/m?
and green leaf biomass declined by one-third
during the dry season. In an experiment, we
modified observed rainfall, removing 1% of
rainfall from the five wettest months and add-
ing 1% of rainfall to the five driest months.
When simulated, therewasalargeincreasein
dry-season green biomass, for example. Some
wildlife populations increased markedly,
whereas cattle populations declined.

We used the IMAStoolsto assess potential
ecological effects of increasing the number of
livestock on NCA. Livestock populations
wereincreased by 50%. When simulated, live-
stock populations remained relatively stable
until a dry period in the 1980s, then cattle
populations declined sharply. We repeated
these analyses, keeping the livestock popula-
tionshigh and constant. Standing biomassfor
palatable grass leaves declined steadily dur-
ing the 15 year simulation, from a peak of 44
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g/m? in the last year to 35 g/m? In contrast,
unpal atabl e herbaceous | eaf biomassincreased
over time. Somewildlife populationsdeclined
under increased livestock density, whereasoth-
ers did not decrease because of spatial or di-
etary separation from livestock.

We used IMAS tools to quantify the ben-
efitsthat can be expected from improving vet-
erinary care. Weincreased juvenile livestock
survival by 7%, and when simulated, every few
years there were up to 4,500 additional cattle
that could be sold or slaughtered, and up to
5,000 additional goats and sheep amost ev-
ery year. Inanother experiment, weincreased
birth rates for livestock by 5%, and results
show that increased birth ratesmay lead torela
tively few additional animals being available
for the Maasal to sell or slaughter. When we
increased overall adult livestock survival by
5% for each group, simulation results sug-
gested that the expected resultswould be dra-
matic. Finally, we reduced mortality due to
tick-borne diseases by half. Theresultsof the
simulation suggest that tick-borne diseasesare
an important source of mortality, and reduc-
ing that mortality addsthousands of additional
animals that may be culled.

In a simulation, we allowed livestock to
graze in Ngorongoro Crater, which is now il-
legal. Livestock used the crater, but popula-
tionsdid not change markedly, in-part because
of therelatively small grazing areas added by
allowing animalsto usethecraters. Inanother
experiment, we increased the likelihood that
cattle would use grazing areas in southwest-
ern NCA, which they now avoid because of
the highrisk of livestock rustling. Simulation
results suggest that a few hundred goats and
about 3,000 additional cattle could be sup-
ported on NCA if security in the southwest was
improved. However, resident zebra popula-
tions decreased by 14%, and el ephant popula-
tions decreased by 18%.

In an experiment we restored 20 water sys-
tems that has failed in the past. Our simula-
tion results suggested that restoring the water
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systems of NCA that had failed would redis-
tribute animals across the area, with most of
the changes occurring near the center of the
study area, near Olduvai Gorge. To assess
potential impacts of water use by the occu-
pants of lodges, weremoved water sourcesthat
were within 1 km of lodges. When modeled,
the change in herbivore distributions was mi-
nor. Populations of animals that inhabited
Ngorongoro Crater did decline, such asbrows-
ing antel ope.

Maasal pastoralistsin theregion generally
have an annua population growth rate of about
3% per year, and up to 6% when immigration
ishigh. We used theIMAStoolsto assessthe
potential effects of a 3% population growth.
The simulation resultsinclude householdsin-
creasing over a15 year smulation from 5,000
to 7,702 households, and cultivation increas-
ing from 4,727 hato 7,293 ha. Overall, there
were few changes in the populations of wild-
life or livestock. We conducted a series of
analyses, varying cultivation from 0.5% of the
area to 5% of the area. Results from NCA-
SAVANNA simulations suggest that changes
in wildlife and livestock populations in re-
sponse to up to 5% of the areain cultivation
would berelatively small, except for elephant
popul ations.

We conducted three sets of experiments
using the SAVANNA application adapted to
southern Kgjiado. Animportant concernwith
the sub-division of Kgjiado into group ranches
has been the fragmentation of grazing re-
sources. We selected four sites for closer
analysis. These include a cluster of group
ranches collectively known as Dalaakutuk,
Mbirikani Group Ranch, Orkarkar Group
Ranch, and an area of Mailua Group Ranch of
the same size and shape of Orkarkar, for com-
parisons. We contrasted two scenarios: 1) the
relative number of livestock that could be sup-
ported on each of the areas when livestock
were allowed to move about the entire study
area (10,732 km?), and 2) the number of live-
stock that could be supported when they were
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restricted to the given areaor group ranch. The
Dalalakutuk regionisarelatively arid portion
of Kagjiado. In the Kg-SAVANNA control
model, livestock remained fairly stable in
Dalalakutuk. When livestock were restricted
to Dala akutuk region throughout asimulation,
their populations declined. The Mbirikani
Group Ranch islarger and more productive
than the Dalalakutuk region. In Mbirikani, a
dramatic influx of animals into the area oc-
curred during adrought, moving infromdrier
portions of Kagjiado. Kg-SAVANNA simula
tions showed a similar but more dramatic re-
sponse in the small Orkarkar Group Ranch to
Mbirikani. When livestock were forced to
select habitats from within the portion of
Mailua Ranch select, rather than all of south-
ern Kgjiado, the populations declined to near
zero.

In another experiment, we made the
swamps of Amboseli Basin entirely unavail-
able to wildlife and livestock, representing
encroachment by cultivation and draining for
irrigation. Resultsfrom the simulation varied
by animal group in acomplex way, but in gen-
eral the changeswerein thedirection wewould
predict. Grazingwildlife most commoninthe
Amboseli region declined when swampswere
unavailable, with buffalo declining by 17%.
We used the IMAS modeling tools to assess
what the effects of fencing Amboseli would
be on some of the wildlife populations within
the park. Our methods were similar to those
used in studying ownership patterns. When
wildlife populations were as in the control
model but restricted to Amboseli and a simu-
lation run, populations of wildebeest, zebra,
and buffal o declined precipitously. Asmay be
predicted, our simulation suggests that south-
ern Kgjiado District would support only afrac-
tion of its current wildlife population if the
animals were confined to Amboseli National
Park.

The economic difficulties of the Maasal
pastoralistsin Ngorongoro Conservation Area
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are well known. One objective of our study
wasto determinewhether thesedifficultiesare
endemic to Maasal pastoralists throughout
northern Tanzania, or if they are specific to
NCA Maasai. We compared NCA Maasal
ecology and economy with their Maasai neigh-
borsin the adjacent L oliondo Game Controlled
Area. Interview data showed that households
in Loliondo possess about threetimesthelive-
stock holdings compared to NCA households.
Furthermore, Loliondo Maasai have consid-
erably larger agricultural acreage per person
than in NCA, where plot size is limited by
conservation policy. Householdsinthe NCA
aresignificantly larger on average, withamean
of 22 people, while for Loliondo the mean is
15. Livestock sales were higher in the NCA
than in Loliondo. The mean number of cattle
sold in Loliondo as a percentage of the total
herd size was 3.7%; in the NCA it was 8.2%.
There was tremendous variability in agricul-
tural yields, but yields per person were gener-
ally about twice as high in Loliondo as those
inthe NCA. In general, the research demon-
strated that Ngorongoro Maasai are indeed
economically worse off than their counterparts
in the adjacent Loliondo.

We also explored how major variations in
landscape and vegetation influenced human
activitiesand the pastoral economy. NCA and
Loliondo Maasa classify their ecosystemsinto
lowlands, midlandsand highlands. Ingeneral,
‘lowlands’ refers to the short grass plain and
to adjacent woodlands and savannas at lower
elevations; ‘midlands’ are the mid-grasses,
savannas and woodlands occurring on slopes
and hills abovethe plains, and * highlands' in-
clude the highland forests and high elevation
grasslands. We found no significant relation-
ships between these ecol ogical zonesand live-
stock holdings, either intermsof herd sizesor
human:livestock ratios. However, therewere
significant differences among eco-zones in
extent of cultivation. Ecozonealso influences
pastoral movement distances. Households
inhabiting lowlands traveled the longest total
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distance during the year, households in the
highlands the | east.

Research in the Amboseli ecosystem,
Kajiado, Kenyais examining pastoralist land
use patternsin relation to the influence of de-
velopment and economic diversification. A
general settlement survey of all bomaswithin
Six study areas was carried out to identify
Maasal land use patterns. Thetype and pres-
ence or absence of water resources was a de-
ciding factor in the land use and economic
decisions taken by pastoralists in Kajiado.
Fully 80% of al settlements were engaged in
some form of agriculture. A significant pro-
portion of pastoral households across the
Amboseli study zone are taking part in some
form of employment and/or business activi-
ties. Business activities range from grain
grinding, small shops, and cattle trading to
buying and selling of vegetables and other
commodities. Preliminary analyses indicate
that up to 55% of al employment across the
Six study areasis linked with wildlife and/or
tourism.

In Kgjiado, wildlife density was inversely
related to livestock density. Mbirikani group
ranch isutilized ailmost entirely on a semi-no-
madic mode with very few permanent settle-
ments. These two factors probably also con-
tributes to the low wildlife density. Bomas,
livestock, and wildlife are all more common
in open grasslands than brushy areas. There
is higher density of bomas/households near
permanent water sources, towns and roads.
Wildlife was found furthest from water
Sources.

One component of our research set out to
quantify the effect of human settlement pat-
terns on the density, spatial distribution and
biodiversity of wildlife of the Serengeti-Mara
ecosystem, in Kenya, where livestock herds
exist side by sidewith diversewild herbivores
herds. Intenseground surveyswere conducted,
and livestock were found to congregate near
Maasai bomas (i.e., households) while wild-
life clustered at intermediate distances from
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bomas during the wet season. Livestock and
wildlifedistributionswere clearly complimen-
tary during the wet season with livestock domi-
nating the areawithin one km from bomas and
wildlife concentrating at 2-3 km from bomas.

Theeffects of different land use patternsin
relation to livestock holding wasinvestigated
in and around the Kiboko Range Research Sta-
tion, Kenya. The settlements of Muuni and
Kiboko are occupied by the Akambatribe who
are primarily agriculturists. Muuni and
Kiboko settlement schemeshave average land
sizes of 7.9 and 6.3 acres respectively with
both schemes allocating an average of 54% to
farming. The stocking rates are 0.16ha/ TLU
and 0.41ha/TLU for Kiboko and Muuni settle-
ment schemesrespectively (where 1TLU=250
kg live weight). In Kiboko group ranch the
total number of cattle has declined by 32%
since the last census of 1988, the number of
sheep and goats has however increased by
23%, from 6,920 to 8,529. An important
change in land use in the game reserve is the
increasein cultivation with 96% of the house-
holds now practicing farming.

Interviews of Maasai were used to charac-
terize their movements and land usein NCA.
A severe drought occurred in 1997 and 1998
was an El Nifio year. The drought of 1997
forced people to remain longer in the high-
lands than they would in anormal year. Dur-
ing the dry season some people and livestock
were forced to move into the Northern High-
land Forest and the Olmoti Crater. The use of
forage resources in Olmoti and in the forest
prevented major losses to starvation, and
peopl e seemed to have been ableto cope with
thisdrought without major problems. Themo-
bility pattern of the people and livestock in
the Endulen area changed little. The major
problems were caused by a large number of
peopleand livestock moving into theareafrom
north of the NCA and from the Olbalbal area.
People said that human nutrition was low be-
cause livestock were not giving much milk,
crops had a very bad year, and the price for
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selling livestock had dropped dramatically. In
contrast, people and livestock from the
Olbalbal area drastically altered their normal
mobility patterns in 1997, which was a dry
year. Theyear 1998 was avery difficult year
for people living in the NCA. Because of the
unprecedented amount of rain, the cropsinthe
areafailed and there were major outbreaks of
rarely seen livestock diseasesand malaria. The
forageresourcewasat an all timehigh, solive-
stock could recover condition as long as they
were able to avoid disease.

Anthropometric measurements were taken
onindividuasintheLoliondo andinthe NCA.
Measurements of height, weight, upper arm
circumference and tricep skinfoldsweretaken
on individuals depending on their age. The
results of comparing nutritional indicesamong
NCA children in 1998 and 1999 showed that
there was no effect of year on height of chil-
dren, but weight differences were significant
different (a mean of 25.9 kg for children in
1998 and 23.4 kg for childrenin 1999). In gen-
eral, girls and boys in Loliondo tended to
weigh morethan their NCA counterparts; how-
ever, the differences were not significant.
Among two- to five-year old boys, the differ-
encein mean weight wason the order of 15%;
among the six- to thirteen-year olds, the dif-
ference was 17% and among the adol escents,
it was 4%.

PHEWS, the socioeconomic household
model for Ngorongoro Conservation Area, has
been completed and tested, and is fully inte-
grated within the Savanna Modeling System.
A set of scenarioswas drawn up that PHEWS
and Savannatogether would be used to inves-
tigate, and were run and analyzed. PHEWS
was al so to be adapted for Kgjiado in Kenya,
a much more market-orientated production
system. Thegeneral modeling approach taken
was to use asmall set of rulesthat govern the
operation of the model, and then use the re-
vealed characteristics of the model through
simulations to adjust some of the key model
parameters so that reasonable behavior of the
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model isobtained. We hypothesized that there
isaquantity of livestock units per person that
characterizes pastoral systems. We also hy-
pothesized a hierarchy of goals at the house-
hold level. First, the household has to meet
itsfood requirement. If thereisashortfall, then
thisismade up by recourseto various options,
including the selling of an animal, if neces-
sary. Second, the household is assumed to
manage for livestock in terms of investment
and disinvestment decisions — these types of
livestock purchases and sales can be consid-
ered different to the meeting of household food
requirements. Third, thereisdiscretionary con-
sumption; after the first two goals have been
dealt with, with consequent impacts on the
cash reserves (purchase of food, for example),
there may be acertain amount of cash | eft over
for spending on various items.

Based upon PHEWS simulations, pastoral -
ist well being in NCA, even with small
amounts of agriculture allowed, is not inter-
nally sustainable at current human population
levels. If redlistic population growth rates are
imposed for the next 15 years, then the house-
hold food security situation would deteriorate
markedly. The model suggests that the intro-
duction of agriculturein 1992 in NCA occurred
at atime to make a substantial improvement
in householders welfare. By the late 1990s,
these welfare gainswould have been overtaken
by human population growth rates in excess
of 6% per year. The model also shows that
the NCA pastoralists are susceptible to
drought; in the immediate term, household
food security is severely compromised, but
there is also the longer-term impact on live-
stock numbers where they have to be built up
in the aftermath of drought. The model also
indicates that various productivity-increasing
interventions can have beneficial impacts on
household welfare.

GL-CRSP IMAS research confirms that

group ranches do not operate as economic or-
ganizations, but merely as commercia land
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units with a shared title deed by many indi-
viduals who carry on their livestock produc-
tion activitiesindividually. Without the shar-
ing of acquired inputs, the group ranch im-
plies merely joint ownership. The group
ranchesthat have not been subdivided are gen-
eraly thosethat have pending court cases con-
cerning disputes over land ownership. There
areaso afew group ranchesthat have not been
subdivided either because they are too dry or
because there are some wildlife tourism ben-
efits anticipated. Twenty-nine group ranches
have been compl etely subdivided such that the
owners have obtained individual title deeds.
In total, these group ranches account for 51%
of all group ranches and 35% of the group
ranch area. However, when these are added to
another eleven group ranches in the process
of subdivision, the extent of group ranch
privatization becomes clear.

Two surveyswerecarried out in Kgjiado to
generate data for the socioeconomic model-
ing effort. In thefirst survey of the wildlife,
livestock and human interaction in Kgjiado
District focused on the case of the Amboseli
National Park wildlife dispersal areas encom-
passing the Kimana and Mbirikani Group
Ranches. Thefirst survey found no evidence
of severe competition for available resources
between livestock and crop productionin both
Mbirikani and Kimana Group Ranches. Live-
stock and cropping enterprises giverelatively
high rates of return to capital, and most of the
pastoralists and agro-pastoralists are able to
derive their livelihood from the two enter-
prises. The second survey attempted to con-
centrate on the more highly commercial ranch-
ing operations found in the Kgjiado District.
While ranching was the main economic activ-
ity, 57% engaged in other economic activity
in addition to ranching. All respondents con-
trol ticksand give veterinary drugs (commonly
antibiotics) to their cattle. Preliminary analy-
sisindicatesamean annual profit per ranch of
some K Sh 205,000 (US$2,600) for al respon-
dents, but there are large variations depend-
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ing on ranch size.

Diseases of wildlife and domestic animals
in East Africa not only affect animal popula-
tions and but also have economic, social, and
political implications. Therefore it isimpor-
tant to consider the impacts of disease in the
generation of management aternativesfor the
ecosystem. Prior to developing disease
submodules, we obtained information on the
occurrence and distribution of important dis-
eases within the affected animal populations.
Participatory rapid appraisas (PRA) were used
to determinethe priority diseases of livestock,
the animal health constraintsto livestock pro-
ductivity and the community perception to
wildlife as a potential source of diseases of
livestock. In 1998, the pastoralists identified
East Coast fever, ormilo (turning sickness),
malignant catarrhal fever, anaplasmosis, con-
tagious bovine pleuropneumonia,
blackquarter, lumpy skin disease and anthrax
as the most important diseases affecting live-
stock. An average mortality rate of 52% for
calvesbelow the age of oneyear wasreported.
Tick-borne diseases, principally East Coast
fever, were listed as responsible for the high
calf mortality. In Kagiado, there were greater
livestock disease control problems because of
a drought, including foot and mouth disease,
contagious bovine pleuropneumonia, and East
Coast fever, dueto lack of adequatetick con-
trol.

We used a mixture of long-term ecological
data and computer models to examine epide-
miology of malignant catarrhl fever in the
NCA. The likelihood of cattle mixing with
wildebeest to acquire malignant catarrhl fever
was calculated based upon prevalence, prox-
imity, exposure and infectiousness of the dis-
ease agent. Thesecalculationsweredoneina
gpatia context, with the resulting model able
to be merged with SAVANNA,, with feedbacks
between the two system. The submodel has
been used by veterinarians in East Africa to
explorethe balance between the value of graz-
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ing and avoidance.

We sought to model the progression of
rinderpest outbreaks in NCA herbivores. We
required the model to model patterns realisti-
cally and to incorporate animal movements
into diseaserisk and spread. We defined cattle
movement frequencies between 16 blocksthat
comprised NCA, for 5 time periods during the
year. In asimulation, SAVANNA provides a
simulated population size for cattle for each
block within the landscape. A subroutine es-
timates the proportion of a given population
infected by disease, based upon a small suite
of parameters. At eachtime step, and for each
block, SEIR (Susceptible, Exposed, Infected,
and Removed) equations are applied. Differ-
ential non-linear coupled equations are used
toyield astatetransition model describing the
proportion of the population susceptible, ex-
posed, infected, and removed during eachtime
step. The model incorporates animal move-
ments, modifying parameter values based upon
animal movements and population sizes.

Finally, the GL-CRSP IMAS team had an
extensive effort in gathering input from stake-
holders, outreach to inform East Africans of
the work, and training of regional scientists
and managers. Workshops were held in East
Africa early in the project to gather input in
project direction, which brought together sci-
entists, conservationists, and a representative
of pastoralists. Participants shared their ex-
periences with pastoral-wildlife systems, and
specified the types of information that would
be useful from their perspectives. A concep-
tual framework for the assessment systemwas
developed, research siteswere evaluated, and
overarching goals, objectives, and assumptions
were identified. Structured analysis method-
ology, a method of identifying stakeholder
concerns, were used in a workshop that
brought together scientists and managers to
discuss transboundary issues in Kenya and
Tanzaniato the problem of livestock-wildlife
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interactions.

Toinform stakehol dersand managers of the
region of the GL-CRSPIMAS project, we pre-
sented a series of talks at the workshop just
mentioned, then presented a series of work-
shops throughout northern Tanzania. Addi-
tional presentations have been made to inter-
ested groups by East African team members.
Results from GL-CRSP IMAS field work in
NCA werereported back to thearea’ sMaasal,
an apparent rarity that was appreciated by the
pastoralists. A web site was contructed that
describes the GL-CRSP IMAS project. Fi-
nally, the GL-CRSP Integrated Management
and Assessment System project and the SA-
VANNA modeling system were widely publi-
cizedin areport and pressrelease from apro-
motional organization associated with the In-
ternational Livestock Research Institute
(ILRI), Nairobi.

A two-week GIS training course was de-
veloped and conducted at ILRI in April 1999.
Nine participants attended, and the course was
rated excellent by course participants. GL-
CRSP IMAS, the SAVANNA modeling sys-
tem, SavView, and our experimentswere dem-
onstrated to participants of two workshops, and
in other presentations in 2000. Participants
learned IMAS goals, the SAVANNA model-
ing system, and how to conduct experiments.
Individuals were also trained in using IMAS
tools during visitsto CSU. The IMAS mod-
eling system, including SAVANNA, isnow in-
stalled in six locations throughout northern
Tanzaniaand southwestern Kenya. At any of
these installations, people may run their own
experiments to assess potentia effects of in-
creased livestock populations, changesinrain-
fall, or changesin herbivore grazing patterns,
as examples.

Our outreach and training efforts must be
judged a success, with countless people in-
formed of the utility of the GL-CRSP Inte-
grated Management and Assessment System
proj ect through the media, more than one hun-
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dred East Africans informed first-hand of our
efforts, and two dozen East Africans with in-
depth training in the use of IMAS tools. Re-
search results have been reported in more than
50 publications, reports, and presentations.
The Conservator with the Ngorongoro Con-
servation Area Authority and others are very
interested in using IMAS to extend our work
to determine appropriate balances between
wildlife and an increasing livestock popula-
tion. We have aso made the Tanzania Na-
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tional Parks Authority and Tanzania Wildife
Research Institute aware of our products, and
the TanzaniaMinistry of Agriculturearequite
interested in the GL-CRSP IMAS. All three
of these organizationsareinfluential in effect-
ing policy in Tanzania. Kenyan organizations,
including the Wildlife Service and the Agri-
cultural Research Ingtitute, are pursuing us-
ing IMAS assessments and toolsin their work
aswell.
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Chapter 1

East African Pastoralism and the
I ntegrated Management and Assessment System Project

Kathleen A. Galvin and Randall B. Boone

INTRODUCTION

The African continent is a place of great
contradictions, withacultural diversity that is
unmatched, world-renowned wildlife popul a-
tions, the promise of economic development,
and abundant natural resources. Africaisalsoa
place of war, famine, and disease. Two-thirds of
theAfrican continent iseither arid or semi-arid,
whereagricultureisproblematic or incompatible.
Further, inEast Africa, rainsfdlingintwo distinct
seasonsand with spatia and temporal variability
can make crop production a hazardous occupa:
tionin semi-arid zones (Pratt and Gwynne 1977,
Ellisand Galvin 1994). Inthese aress, livestock
production and wildlifeconservation arethemost
commonformsof land usewhicharealsothear-
eas where we have focused our work (Figure
1.1). InKenya, for example, rangelands support
over 25% of the human popul ation and over half
of thelivestock population. Thelivestock sector
produces 10% of the gross domestic product.
About 80% of Kenyanlargewildlifearedsofound
inthese areas. Income from associated tourism
has grossed over $500 million per year, and has
become an important and reliable source of rev-
enuefor the national government and local au-
thorities(Ottichiloet al. 1997). Accordingto one
source, tourismisthe primary sourceof foreign
exchange, and wildlife-based tourism is50% of
thetotal (Byrneet a. nodate, Grootenhuiset al.
1991).

The program supporting our work, the Glo-
bal Livestock Collaborative Research Support
Program (GL-CRSP) of theU.S. Agency for In-
ternational Devel opment, hasamongitsstrategic
objectivesto assist developing countriestoiden-
tify and remedy problemsin livestock production
and to enhancethenutritional statusand incomes
of livestock producers. At the sametime, they
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will be* monitoring the effects of production on
the environment and exploring theintegration of
production systemswith therational use of natu-
ra resources, suchaswildlife.” Theseobjectives
certainly are appropriatein East Africa, where
land managersand policy makersstruggletrying
to balance human well being, wildlife conserva-
tion, and ecosystemintegrity.

For thousands of years, the pastoral people
of East Africawereableto coexist withlargeher-
bivoresand persist, evenflourish, inspiteof pe-
riods of droughts and disease. They used long-
established responsesto stresses, such asdrought,
and had cultural normsthat allowed wildlifeto
persist. Today, pastordistsare often unabletouse
those sameresponses, in part dueto increasing
human populations and a decreasing land-use
area. Better watered pastoral dry season ranges
have been lost to both colonia and African agri-
culturalists, game parks, and game conservation
aress. Pagtoradistshavetakenup agricultureinan
effort to meet their increasing food demands at
thesametimeagropastordisshaveexpandedthar
fidldsinto moremargind areas. Pastora cultures
are changing too. We proposed to GL-CRSPto
create an Integrated Management and A ssess-
ment System for usein East Africa, and to con-
duct assessmentsaimed at providing land man-
agersand other stakeholderswith more objec-
tiveinformation onwhich to basetheir decisons.

Inthisstudy, wefocused upon two semi-arid
areasin East Africa Thesites, Ngorongoro Con-
servation Area in northern Tanzania, and the
Kajiado District, southwestern Kenya (Figure
1.1), areboth locations of great experimentsin
bal ancing human well-being, pastoral land use,
and conservation. Theremainder of thischapter
introducestheseuniqueareas. Thedifficulties
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facing managersand other stakehol dersof these
areas are described in Chapter 2.

NGORONGORO CONSERVATION

AREA, TANZANIA

The Natural System

Ngorongoro Conservation Area (NCA) is
8,280 km? (2° 30" to 3° 30" S, 34° 50’ to 35°
55" E), 190 km west of Arusha, Tanzania, and
bordered by Serengeti National Park to the
west, Loliondo Game Controlled Area to the
north, and private and communal landsto the
east and south. TheRift Valley passesto theeast
and south of NCA, and includesL akeNatronto

the northeast and LakesEyasi and Manyarato
the south (Figure 1.2). Ninevol canoestogether
form the topography of NCA, including those
forming Olmoti and Empakaai Craters, and
Ngorongoro Crater, which at 250 km?isone of
thelargest unbroken non-flooded calderasinthe
world. One active volcano remains, Oldonyo
Lengal, whichisaongtheRift Valley. Theash
from eruptionshasyiddedfertilesoilsfor cultiva
tion, and formed the Serengeti PlainswithinNCA
and Serengeti National Park to thewest (Figure
1.2).

The climate of NCA is variable across
space and through time. Storm systems move

T‘E;m L »

Tanzania

A

e Kenya

(TR T . =t
a

Figure 1.1. The region where the Integrated Management and
Assessment System has been gpplied (inset). Our main study sites

were (A) Ngorongoro Conservation Area in Tanzania, and ) =
(B) Kajiado District, Kenya. Other areaswe havelabeledare: 5« = %
(C) Ambosdli National Park and (D) the Chyulu Hills Game Re- e
servein Kgjiado District, (E) Loliondo Game Controlled Area, =

(F) Serengeti National Park, (G) Maasai Mara Game Reserve,
(H) Tsavo National Park East, (1) Tsavo National Park West, 3

(J) Tarangire National Park, (K) Lake Manyara National Park,

(L) Mount Kilimanjaro National Park, (M) Mkomazi Game Reserve, (N) Nairobi Nationa Park,
and (O) Maswa Game Reserve. Water issolid gray, topography isin shades.
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from the Indian Ocean to the northwest, drop-
ping large amounts of rain on Ngorongoro
Highlands. A strong rain shadow occursinthe
NCA, with areasto the west of the Highlands,
such as Olduvai Gorge, receiving the lowest
amount of annual preci pitation (450 mm) of any
areainthe Serengeti Ecosystem (Campbell and
Hofer 1995). Therainsfall inabimodal pattern,
withthebimoddity lessdigtinct thanin other East
African regions. The dry season isfrom June
through October withlittlerainfall and cool tem-
peratures. In November and December, the* short
rans fal, then January and February may bedry.
Thewet season‘longrains fal inMarchthrough
May. These simple descriptionsdo not capture

thevariationinrainfal, however, rarely istheav-
eragerainfall pattern seen. Likemany semi-arid
areas (Ellisand Galvin 1994), the quantity and
timing of rainfal inagivenyear canbehighly vari-
able.

TheNCA hasacomplex mix of vegetation
associated with the steep e evational gradientsof
thearea. The plainsare dominated by low and
medium grasses (medium grasses nearer to the
Ngorongoro Mountains), which are dry and
browninthedry season, but quickly sprout new
growthwhenrainsreturn. Higher onthehillsdes
aretall grasses, although low grasses sometimes
dominatelarge open areas of higher elevations,
such asin the Bulbul Depression northwest of

Serengeti National Park

Lollondo Game
Controlled Area

i
"
-

Mio-Wa-Mbu

Village
Fo

|« .

Lake Manyara

National Park
Lake
Manyara
el
el e ]
0 10 a0

Figure1.2. Ngorongoro Conservation Area, and the surrounding region. Roadswithin Ngorongoro
areshown, topography isin shades of gray, and water isin solid dark gray.
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Nainokanoka. Acaciashrubsand treesdominate
thelower dopesof NCA and tracewatercourses
throughout the area, with Acaciatrees scattered
through thewoodlands. Evergreentreesof many
types, as well as heaths and a bamboo forest,
occur in the Highlands. Ngorongoro Crater is
dominated by Lake Magadi (which can vary
greetly insgzefromyear toyear), Mandus Swamp
to the north of the lake, Gorigor Swamp to the
south, and the Lerai Forest to the southwest of
Lake Magadi. However, the bulk of the crater
floor providesgrazinglandsfor wildlife.

Thewildlifeof NCA aredominated by large
herbivores, including hundreds of thousands of
wildebeest that move onto the area from the
Serengeti to give birth. Thesewildebeest begin
movinginto NCA in January, and by April reach
apeak. Two monthslater, themigratory herdsof
wildebeest, zebra, and Thomson'sgazelleshave
moved on, seeking better foragein the Serengeti.
Resident populationsof theseanimasremain, of-
ten concentratingin Ngorongoro Crater. They are
joined by many other species, including buffalo,
Grant’sgazelles, impalas, kongoni, giraffes, -
ephants, and the only remaining wild population
of black rhinocerosin East Africa, about 14 ani-
mal sto dateinhabiting Ngorongoro Crater.

Humansin Ngorongoro

TheNCA indudessteswith evidenceof early
humean habitation, indudingworld-famousOlduva
Gorge, where Richard and Mary Leaky made
important discoveriesof theremainsof early hu-
mans. Mary Leaky asofound thefamousL aetoli
footprintsof early humans, southwest of Olduvai
Gorge. Two other especialy important archaeo-
logical sitesare NasaraRock Shelter and asite
near Lake Ndutu, inthe southwest.

Thelandsnow comprising Ngorongoro Con-
servation Areahave been colonized by numerous
groupsthat have moved infromthe north. The
Maasai areonly themost recent, movinginto the
areaabout 200 years ago. Thiswasthetime of
European coloni zation of Africaand though the
Maasai werelargely spared from laboring on co-
lonid plantationsor fromfightingincolonia wars,
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diseaseswhich also broke out at the sametime
did have adevastating effect. Rinderpest, adis-
ease of ungulates, swept from the north in the
1890skilling 90% of the cattle and much of the
wild ungulate populations. Thiswasfollowed by
drought and an epidemic of smallpox; both epi-
demicsarecollectively remembered asEmutai -
meaning completedestruction (Waller 1988). The
Maeasai increased their livestock herds, and more
dowly, the human population.

TheMaasai are semi-nomadic pastoralists,
moving sometimes great distancesto find ad-
eguate forage for their herds of cattle, goats
and sheep, with donkeys as pack animals.
Their general pattern of movement has been
from the midlands and highlands of NCA in
the early wet season out into the Serengeti
Plains to take advantage of ample forage and
water sources. Inthedry season, Maasai would
move from their temporary households on the
plains back to the midlands and highlands of
Ngorongoro. This pattern of movement of live-
stock resulted in adequate livestock condition
which hasbeenimportantin maintaining food se-
curity for theMaasai. However, withrestrictions
on livestock movement and constant livestock
disease, theMaasai havenot been abletoincrease
their livestock holdings. This, inconjunctionwith
increasesin human population, has meant food
insecurity for the Maasai. Further, becausethe
Maasai liveinaconservation areg, thereislittle
opportunity for wagelabor or any other meansof
employment other than livestock herding with
some cultivation. Within the last decade, the
Maasai have been allowed to interact with the
tourist industry by establishing cultura bomasor
househol dswheretourists can go and see“tradi-
tiond” Maasal life. But thishasbenefitted only a
few familiesintwo locationswithinthe NCA.
Since 1991, with thepermission of theNCA Au-
thority, theMaasai haveincluded agriculturein
ther activitiesand aremoresedentary thaninyears
past. But they are still pastoralistswithlittleop-
portunity to diversify. The benefitsand coststo
such sedentarization areintroduced in Chapter
2.
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TheGreat Experiment

The Serengeti Region wasfirst gazetted asa
gamereservein 1929, and becameanationa park
in1951. That essentially included what isnow
Serengeti Nationa Park and NCA. Conflictsbe-
tween wildlife conservation interests and the
Maasal that inhabited theregiongrew, andin 1959
Ngorongoro Conservation Areawas created, to
be managed by the Ngorongoro Conservation
Unti until 1975, when the Ngorongoro Conser-
vation AreaAuthority wasformed. Maasal were
excluded entirely from the Serengeti, but theNCA
wasestablished explicitly asamultiple-usearea,
with management to balance the needs of, and
provide benefitsto, Maasai and their livestock,
wildlifeconservation, and thetourismitssupports.
Thus, the Tanzanian government hasdirected the
NCA Authority inabroad-scae multiple-use ex-
periment for morethan 40 years. In 1976, culti-
vationwithin NCA wasbanned, beingjudgedin-
compatiblewithwildlifeconservation. That pos-
tion wasreversed, to adegree, in 1991 and the
Maasai of Ngorongoro arenow allowed to have
small plotsof agricultura crops. In 1979, NCA
was placed on the Natural World Heritage Site
list, andin 1981, was made aBiosphere Reserve
under UNESCO’s Man and the Biosphere
Programme, along with the Serengeti and Lake
ManyaraNational Park.

KAJIADO DISTRICT,KENYA

TheNatural System

Kajiado District isone of 42 such adminis-
trative unitsin Kenyainthe southeastern portion
of thecountry (1° 10’ to 3° 10" S, 36° 5" to 37°
55' E), encompassing 21,105 knm?. Kgjiado is
bordered by Tanzaniato the southwest (Figure
1.3), Narok District to the northwest, and along
the northern border, Nakuru, Kiambu, Nairobi,
and Machakos Digtricts. The southeastern bor-
der abuts TaitaTavetaDistrict. The Rift Valley
runs along thewestern side of thedistrict, and
includesLakeMagadi, alarge sodalake, and the
northerntip of Lake Natron. East of therearethe
Kaputiel Plains, anareaof rolling topography and
containing Kagjiado Town and the Central Bro-
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ken Ground (Ole Katampoi et al. 1990). The
southern portion of thedistrict includesthed opes
of Mount Kilimanjaro, withthemaintown being
Loitokitok. Tothenortheast arethe Chyulu Hills,
whichareagamereserve (Figure 1.3). Ambosdli
National Park isinthe southern part of thedis-
trict, aworld-renownedwildlifeconservationarea
withyear-round water in swamps, fromthedopes
of Kilimanjaro, andtheswegpingAmbosdi Plans.
Thereareavariety of soilsinKgjiado, fromthe
heavy clay ‘ black cotton’ soilsof theplainstothe
sandy soilsrecently derived fromvolcanic activ-
ity, which drain rapidly. In general, there are
patchesof arablelandsin Kgjiado, but most of
thesoilsareinappropriatefor cultivation.

Thedriest portion of thedigtrictisinthewest-
ern Rift Valley areanear Lake Magadi, where
lessthan 400 mm of rainfallsannually. Annual
rainfall increasesto the north and higher eleva-
tions, reaching a peak of about 800 mm near
Nairobi, withrainfal dsodevated dongthed opes
of Kilimanjaro and the other district hills (Ole
Katampoi et al. 1990). AsinNCA, Kgjiado has
abimodal weather pattern, whichis somewhat
stronger thaninthe NCA. Thedry season ends
in October when the‘ short rains' begin, which
lastsuntil December. Lessrainfallsintheearly
part of the year, whilethelong rainsfall from
Marchto May. AsintheNCA, temperaturesare
relatively warm (e.g., mean 30° C) and stable
compared to moretemperatearess, but vary with
dtitude.

Thevegetation of much of theK gjiado Dis-
trict may be classed bushed grassland or wooded
grassland, with an overstory of Acaciashrubs.
Woodlands dominatethe northcentral part of the
district, and grasdandsareinthe northeast along
the Chyulu Hills. Higher elevation areas, such as
Oldoinyo Orok near NamangaTown, along the
dopesof Kilimanjaro, and near Nairobi, arefor-
ested. TheAmboseli Basinincludeswoodland,
wooded grassland, and brushland, aswell asa
fenced forest withinAmboseli Nationa Park.

Somelarge speciesof wildlife, such asos-
trichand giraffe, occur throughout Kgjiado Dis-
trict, but much of thefocusof wildlife conserva-
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tionisinand around Ambosdli Nationd Park. The
park, and areasup to 30 km from the park, form
dry seasonrangefor wildlife; thewildlifegrazein
and around the park and can return to the svamps
for water. In the wet season, seasonal water
sourcesare available, and wildlifemove 60 km
or more from the park (Ole Katampoi et al.
1990). About 900 elephantsinhabit Amboseli
Basin, along with zebra, buffalo, Thomson'sand
Grant’sgazelles, eand, greater and lesser kudus,
impala, gerenuk, and other herbivoresand their
predators.

Humansin Kajiado

By thetimethe Europeansarrivedin East Af-
rica, the Maasai occupied an area of about
155,000 km?, stretching from Mt. Egonin the
north to the Maasai Steppe region of northern
Tanzania. By 1913, theareaof |and occupied by
the Maasai in Kenyahad been reduced to 40,000
kn. Thisareaisapproximately thesize of cur-
rent day Narok and Kgjiado Didtricts. Other tribes
also lost land to Europeans and they in turn,
moved into Maasailand and started croppingin
thehigher potentia areas. Themigrations, which
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Figure 1.3. Kajiado District, Kenya, and the surrounding region. Roads within Kajiado are
shown, topography isin shades of gray, and water isin solid dark gray.
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continued into the 1950s, took critical dry-sea-
son grazingland from theMaasai. Under the Na-
tional Parks Ordinance of 1945 the Kagjiado
Maes lost accesstotwo areasborderingtheDis-
trict: Nairobi National Park and Tsavo National
Park. The Ordinance dso established agamere-
servein Amboseli (3248 km?) and game conser-
vation areas at Kitengela (583 km?) and West
Chyulu (368 km?), retricting the use of thesear-
easby theMaasal (Grandin 1991). Followingin-
dependencein 1963 much high potentia landwas
transferred to Africans, but thisdid not occur in
therangeareas. TheMaasai colonid landlosses
werenever regained.

Maasal divided what isnow Kgjiado Digtrict
into eight sectionsinhabited by sub-tribes, with
residents moving their herds within each of
the sections, but they were unlikely to usethe
rangein other sections. Their cattle, goats, sheep,
and pack donkeyswould begrazedintheplains
during the wet season, then move progressively
further up thedopesof thedistrict’shillsduring
the dry season. Today Maasai are more seden-
tary, with their movements sometimesrestricted
to agroup ranch, described below. Peoplealso
arecultivating smdl plotsof land, or cold-weether
cropsaongthedopesof Kilimanjaro. Someag-
ricultureisirrigated and someisrainfed, but all
provideadiversity of incomefor theMaasal.

TheGreat Experiment

Kgiado Didtrictisthesite of oneof thegreat
expaimentsininternationd livestock development.
Inthelate 1960s, the government of Kenyare-
guested, and the World Bank implemented the
Kenya Livestock Development Program
(KDLP), adistrict-wide project aimed at pro-
moting commercial livestock production among
theMaasal herdersof Kgiado. Thegroup ranch
program had the objective of increas ng the offtake
of pastoral livestock for commercial sale and
thereby meeting theobjectiveof satisfying thebeef
demand of urban marketsand also commercial-
izing livestock production for the benefit of the
pastoralists. However, probably moreimportant
wasthe objective of making the group ranch a
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vehiclefor bringing devel opment assistanceto
pastordistsintermsof communal facilities, such
asboreholes, dam, and dips, which when shared
by many pastordistsinagroup ranch, reducethe
unit cost to theindividual dueto economies of
scale. Theprincipa instrument wasland adjudi-
cation; providing freehold title to groups of
Maasal who organized themselves into group
ranches. Therearemany relatively large group
ranches(rangingin sizefrom 3000 hato 151,000
ha) in Kgjiado; others have undergone subdivi-
sonintoindividua land-holdingsof roughly 10-
60 hain size. In addition, 378 private ranches
have been adjudicated since the project began.
These ranches average about 800 ha, although
some are as large as 2000-3000 ha (Jacobs
1984).

With the subdivision of group ranches
through increasing privatization, production
strategies that were based on mobile, exten-
sive and subsistence-oriented use of grazing
resources are gradually being replaced by a
system of land use which is small-scale and
based on intensive management of livestock on
subdivided and fragmented grazing resources
(Galaty 1992). Thishasincreased thelevel of
conflict between people, livestock and wildlife.

INTEGRATED MANAGEMENT AND

ASSESSMENT

Governmentd organizations(i.e., theKenya
Agricultural Research Ingtitute and the Interna-
tional Livestock Research Ingtitute), and private
groups(i.e., thelnuyat e-Maa, anon-governmen-
tal organization representing Maasal interests), are
working together to benefit East African
pastordistsand livestock development. InKenya,
anationa wildlifepolicy hasbeen put into place
that cdllsfor devel oping partnershipsamong gov-
ernment agencies, local authorities, and private
landowners, and an integrated approach to con-
servation and devel opment based on coordinated
venturesand interagency coordination (Ottichilo
eta. 1997). In Tanzania, Wildlife Management
Areasarebeing formed, whichwill bring together
competing interest groupsto managefor sustain-
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ablewildlife populationswhileassgting areares-
dents(Christophersen et a. 2000). Toolsand as-
sistancethat would enabl e these groupsto make
decisionsbased upon theintegration of available
information are needed.

In 1997, we (see Appendix B for team mem-
bers) proposed to GL-CRSP to provide such
tools and assistance. We proposed to develop
an Integrated Modeling and Assessment Sys-
tem that integrates computer modeling, geo-
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graphicinformation systems, remotesensing, and
field studies, to providetheinformation and un-
derstanding necessary to improve the balance
between pastoral food security, wildlife conser-
vation, and ecosystemintegrity. Inthisvolume,
wedescribethe system that was devel oped, out-
reach andtraining effortsmadeto allow East Af-
ricansto usethetools, and resultsfrom assess-
mentsfrom Ngorongoro ConservationAreaand
Kagjiado.
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Chapter 2

Threatsto Food Security, Wildlife Conservation,
and Ecosystem Integrity in Northern Tanzania
and Southwestern Kenya

Michael B. Coughenour and Randall B. Boone

INTRODUCTION

Land managers and stakeholdersin pasto-
ral lands of northern Tanzania and
southwestern Kenyafaceabroad array of prob-
lems in managing resources. They must
address the concerns of local pastoralists and
agropastoralists, local to national regulatory
agencies, national and international conserva-
tion organizations, international donors, and
many others. Unique challenges face those
managing the areas we focused upon in the
Integrated Management and Assessment Sys-
tem project, Ngorongoro Conservation Area
(NCA), Tanzaniaand K gjiado District, Kenya.
InNCA, membersof the Ngorongoro Conser-
vation Area Authority have the special
challenge put forth in their mandate to balance
the needs of Maasai with wildlife conserva-
tion. In Kagjiado, the repercussions of group
ranch formation are still being dealt with by
ranch members and national policy makers.

This chapter reports along list of threats
to food security, conservation, and ecosystem
integrity, or symptoms from those problems.
This list does not include all the problems of
theregion, of course; such alist would belong
for most regions of the world and would be
subjective. Instead we highlight significant
problems that mainly pertain to livestock,
wildlife, conservation, and grazing. Our pur-
posein citing thesethreatsisnot to discourage,
but is two fold: 1) to provide the reader with
the context of the challenges facing manag-
ers, some of which are discussed in the
chaptersthat follow, and 2) to suggest the im-
portance of having an integrated means of
assessing potential effects of management de-
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cisions. Decisionsmeant to address one aspect
of the problemsfacing amanager often have un-
intended effects upon other aspects of the
ecosystem under management —themany threats
tofood security and conservation essentidly guar-
anty thistobetrue. Inthelntegrated Management
and A ssessment System project we have created
asystemto help predict ecosystem effectsthat
might otherwise be unintended, beforepolicies
areactualy putin-place.

TYPESOF THREATS

Increased Land Use Intensity

Increases in land use intensity encom-
passes many of the threats to food security,
conservation, and ecosystem integrity in East
Africa. Attheroot of increased useis human
population growth. For example, the popula
tion in Ngorongoro was about 10,000 when
the Conservation Area was created in 1959.
In 1999, the population was estimated to be
about 51,600 (Figure 2.1a), with agrowth rate
of about 6% (NCAA 2000). This rapid in-
crease includes both improved survival of the
Maasai in NCA and immigration from other
areas. Kagjiado Digtrict has a similar annual
population growth rate of over 5% (Njoka
2000). Cattle populationshave beenrelatively
stable in NCA (Figure 2.1b), with some in-
creases in goat and sheep populations (Kijazi
et al. 1997), and livestock in Kajiado aremore
variable, building until adrought occurs, then
rapidly declining. These patterns of increas-
ing human populations and stable or variable
livestock populations haveled to an important
constraint, the number of livestock (represented
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Figure 2.1. The human population of
Ngorongoro Conservation Area over the
last 45 years has been increasing exponen-
tially (a), whereas cattle (b, black) and
small stock (b, gray) populationshave been
relatively stable. When standardized, the
number of topical livestock units (TLU)
per person has declined dramatically (c).
Adapted from Kijazi et al. (1997) and
NCAA (2000), and using the conversion
to livestock units from NCAA (2000) of
cattleequal to 1 TLU and small stock equal
to /7 TLU.

€92 Globa Livestock CRSP, IMAS Report. 2001

by astandardized measure of tropical livestock
units) per person hasdeclined throughtime (Fig-
ure2.1c). Specificaly, Maasa of Ngorongoro
appear to be chronically undernourished and to
be doing poorly economically (food security is
estimated and discussed in Chapter 8).

In-part to offset adecreasein the number of
livestock per person and theinsecurity it brings-
about, many pastoradistsinnorthern Tanzaniaand
southwestern Kajiado have become
agropastoralists. A large part of theland from
Arushato Ngorongoroisnow cultivated, withthe
fertileonceforested areas southeast of NCA now
cleared and planted (Figure2.2). Cultivationin
NCA wasbannedin 1975, but reinstated in 1992
to help aleviate hardshipsfor theMaasai. Since
1992 many Maasal have established small plots
near their households. Thesizeof theplotsare
limited by legidation to one haper wifeand chil-
dren. Areas near Endulen are more densely
cultivated by Maasal and other groups, including
illegal large plotsby non-Maasai. Wildlifeand
livestock areexcluded from cultivated areas, al-
though livestock arefed crop wastage. Debate
isongoing about theeffect of the current level of
cultivation (i.e., about 0.8% of thetotal land area,
see Chapter 8) on wildlife populations. Our
andysesof effectsof cultivation, based uponsmu-
lations, are reported in Chapter 7. Wildlife
conservationistsare concerned with expanding
cultivationinKgiado Digtrict aswell. Inparticu-
lar, Kimana Swamp, which providesdry season
water and grazing for Amboseli Basinwildlife, is
being surrounded and converted to cultivated
lands. Other swamps and springs are being
fenced (e.g., Namelok Swamp) outright to ex-
cludewildlifeand protect water sources. Initial
estimates of the effects of theloss of swamp ac-
cessare described in Chapter 7.

Increasing land useintengity isthought to be
themain causein the decreasein livestock and
wildlifeinKenya(Cttichiloet . 1997; Rainy and
Worden 1999). According to analyses using
Kenyan Department of Resource Surveysand
Remote Sensing, wildlifeand livestock popul a-
tionshave had significant decreasesfrom 1977
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Figure 2.2. The southeastern boundary of
Ngorongoro Conservation Areacan bedis-
cerned in this satellite image because of
the clearing of the forests outside the
boundary for cultivation. Theimageisa
1991 acquisition from the Landsat The-
matic Mapper, band 3, and the boundary
of Ngorongoro ConservationAreais5km
in from the edge of the image. Clouds
appear right-of-center, Ngorongoro and
Olmoti Craters can be easily seen, a por-
tion of Lake Eyas is shown to the south,
and the black areasto the east and extreme
south were beyond the limits of the satel-
lite image.

t01997 (deLeeuw et d. 1998). Inthe Serengeti
Ecosystem, somewildlife populations havein-
creased through time, withwildebeest increasing
from about 250,000 in 1960 to an estimated 1.3
millionin 1995 (Sinclair 1995). Thisdramatic
increaseisthought to bealong recovery inwilde-
beest popul ationsthat had been decimated inan
outbreak of rinderpest inthe 1890s. That recov-
ery came to an end in the late 1990s when
poaching dong thewestern border of the Serengeti
wasthemgjor cause of wildebeest populations
declining to about 900,000 —poachingisanother
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symptom of increased land useintensity and popu-
lationgrowth.

Land useintengfication canleadtoovergrazing
andtheassociated lossof production and changes
invegetation. Reduced forage quality and quan-
tity can stress livestock, making them less
productive and susceptible to disease. Subtle
changesinthechemica compostion of foragedue
to overgrazing have been suspected. INNCA,
unpalatable plantssuch asEleusinejaegeri and
Indigofera sp. are becoming more commonin
thehigher elevations, an areaof heavy grazing by
cattle (seebelow). Heavy grazing may contrib-
uteto brush encroachment aswell, aspalatable
grasses areremoved and | ess pal atable woody
plantsare favored (Misana1997). InKajiado
livestock are often concentrated around water
sources and market places, causing orbits of
overgrazing around thesefocal points. Ingen-
eral, livestock and wildlife continue to be
viewed as competitorsfor forage (Chapter 7),
and as posing risks to each other for disease
transmission (Chapter 10 and below). Above
acertain livestock density, it appearslivestock
and wild large herbivores cannot coexist.

Sedentarization, overgrazing and crowd-
ing of areas can reduce the options available
to Maasai to respond to drought. Whereasin
the past Maasal could move to ungrazed re-
serve areas when rains failed to come, today
they aremorelikely toremaininagiven place
and lose moreanimals. Grazing reserves may
be unavailable or used earlier in the season
because of increaseland useintensity. Beyond
that, social pressures are reducing the likeli-
hood that families can move, becausethevaue
of having children in school and ready access
to hospitalsand marketsisrecognized. Lastly,
increased human populations can lead to more
frequent rustling of livestock and raids be-
tween groups.

Other risksfromincreased land useintensity
and human popul ation growth include: reduced
water suppliesbecause of increased use by tour-
igs, Maasa, and agriculturdigs, over useof wood
from the bushlands and forests of Ngorongoro

Chapter 2 11



(Misana 1997) and K gjiado; increased risk of
fireinforestsstarted by honey collectors, reduc-
ing the water storage capacity of the forested
highlands; and increased erosion, water use, and
disturbancetowildlifefromtoo many touristsand
ther vehicles. InNgorongoro Crater, for example,
there have been over 100 vehiclesat onetime.

This section should not end without men-
tioning the benefits of development associated
with human population growth and increased
land use intensity. As examples, access to
health care hasimproved the survival of Maa-
sai children, more children are being sent to
schools, and schools and markets are closer
thaninthe past. Improved security and infra-
structure hasincreased the numbersof touristsin
northern Tanzania(Sinclair 1995) and southwest-
ern Kenya, which makes the case for wildlife
conservation and improving infrastructure stron-
ger economically.

Changesin Land Use, Land Tenure,
and Policy

Digtinguishing betweenthrestscaused by land
useintensi fication associated with human popu-
lation growth and changesin land use can be
artificial, but some threats to food security
and conservation are less directly related to
intensification. For example, policies have
been put in-place to promote wildlife conser-
vation or to encourage financial security for
the Maasal.

A well-known and clear-cut loss of access
to grazing areas for the Maasai occurred dur-
ing the creation of the great conservation lands
of northern Tanzaniaand southwestern Kenya.
Ngorongoro Maasal used to grazetheir cattlein
the short grass plains during the wet season, in
what isnow Serengeti National Park. Maasal
arealso not ableto enter the Maasal MaraRe-
serve (Broten and Said 1995), and can enter
Amboseli National Park to water livestock and
for minerdsonly. Maasa werepromised various
concessionsinreturnfor their abandoning their
traditiond grazing patternsthat included usngwhat
are now conservation areas, such asimprove-
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mentsto water sources outsidethe conservation
areasto replacethoselost. Therehasbeenvari-
able successin meeting these promises. Finer
scaeexclusionshave occurred aswdll, with live-
stock unableto grazein Ngorongoro Crater Snce
1974 (Runyoroet a. 1995). Livestock may en-
ter the crater for water and minerals, but must be
herded out beforetheend of theday. Livestock
are also excluded from Olmoti and Empakaai
Craters, although Olmoti has been used as an
emergency grazing reserve in dry years. The
Ngorongoro HighlandsForest Reserveisoff-limits
toherders, dlthoughitisasoused asareservein
dry years. Kgjiadoisboth larger and hasfewer
restricted areasthan NCA, withthemain limita-
tionsaready cited (Amboseli and fenced springs
and swamps). Thedistrict also containsthree
small forest reserves, onenear Namanga, another
at theNgong Hillsnear Nairobi, and thelast on
thedopesof Kilimanjaro, near Loitokitok. Two
remaining restrictionson grazing we citearecon-
flictsbetween clansand theloss of landsbecause
of cultivation. InsouthwesternNCA, Maasal are
muchlesslikely tograzetheir animasthanin other
parts of the areabecause thereisahigh likeli-
hood of cattle rustling by the Wasukuma
popul ation to the southwest (M achange 1997).
In both NCA and Kgjiado, grazing areasare be-
ing reduced throughland conversonto cultivation.
In most casesthese plotssmply reducethearea
availablefor grazing, but in some cases, suchas
those cited for swampsin southern Kgjiado, im-
portant resourcesmay beisolated or reduced.
Policies have eliminated other resourcesor
toolsfor pastoralists. Itisno longer lega for
Maasal to burn grasslandsin Ngorongoro, for
example, athough firescontinueto occur. Burn-
ing was used in the past to reduceticks, which
can transmit diseases, and to encourage grasses
to sprout new nutritiousgrowth. Thelimitation
on burning can a so encourage brush encroach-
ment as woody plants are able to become
established (Misana1997). Herdersmay bere-
gricted from using water sourcesto preservethose
sourcesfor human use, such asfenced springsin
southern Kgjiado, sourcesreserved for tourist
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lodges, or to preservethe sitesthemselves, asfor
thewatering pointsin Olduva Gorgethat are off-
limitstolivestock to prevent trampling.

In the 1960s the World Bank implemented
the Kenya Livestock Development Program,
with the support of the Kenyan government.
The program subdivided Kgjiado District into
aseriesof group ranches (Figure 2.3b), which
wereto be managed jointly by ranch members,
which would set livestock densities and man-
agement goals, but with individual ownership
of livestock. The main rational for creating
group ranches was to increase livestock pro-
ductionandimprovethefood security of residents.
Rancheswereasoformedto increasethelikeli-
hood that theland would remainin the hands of
Maasal, to prevent individual land ownersfrom
sling portionsto wedlthy outsiders. Thedevel-
opment program continued until 1982, whenthe
|ast phase was abandoned.

Theobjectivesbehind group ranchformation
have rarely been met (Munei 1990). Group
ranches do appear to have stabilized ownership
at least for atime, through assigning ownership to
theresidents, by makingjoint decisonsregarding

thesale of land difficult, and ironically, by pre-
venting the sale of lands because ownershipis
being debated in outstanding court cases. The
benefitsof group ownership that wereanticipated,
such asthejoint maintenance of boreholes, have
failed to materialize and management isbased
uponindividua decisons, but now withinthecon-
finesof group ranch boundaries (Figure 2.3b).
Land tenure has followed management, with
more and more of the group ranches being di-
vided into individual ranches. In 1999, 35%
of Kgjidao was divided into ranches owned
by individuals (Chapter 8). Ole Katampoi et
a. (1990:56) estimate the end result of subdi-
visonwill be10to 60 haranchesowned by what
arenow group ranch members. Thereisasub-
stantial risk that ranchesowned by individualsin
financial difficultieswill be sold to buyersfrom
outsideKgjiado.

Theeffectsof group ranch subdivision have
beenfar-reaching. Prior tothe 1960s, pastordists
wereabletomovether livestock anywherewithin
eightlargedivisons, cdled Maasa Sections(Fig-
ure2.3a). Duringwet periods, for example, herds
would be grazed in the nutritiousbut short-lived

Figure2.3. Maasal Sectionswithin Kgjiado District (a) have been subdivided into group ranches
(b). The boundaries shown in (b) combine some ranches and exclude small individual and
group ranches, and group ranch boundaries change often.
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plains of southwestern Kajiado and el sewhere.
During dry periodsareasthat stay greenlonger
were used, such asalong the Chyulu Hills. To-
day, pastoralists (or more commonly
agropastoraists) must confinetheir movements
totheir group ranch or to their individual owner-
ship, or make arrangements with neighboring
ranchesor kin. Somegroup or individua ranches
arerelatively lush, and provideamplegrazingin
timesof hardship. But most group ranchesand
especialy individud rancheslack thevegetation
andtopographicdiversity toalow herderstofind
forage in times of drought (see Chapter 7 for
examples based on simulations). Wefocused
upon land tenurein Kgjiado, but the optionsfor
broad-scale movements for NCA Maasal are
morelimited aswell because of increased popu-
lations and the need for those outside NCA to
immigrateto theareaduring droughts.

Just as limits on grazing have threatened
food security, similar limits have reduced wild-
lifepopulations. InKenya, expertshaveattributed
the declineinwildlife populationsto effortsto
commercidizelivestock production (Ottichilo et
al. 1997). Fencing toreducelivestock-wildlife
competition, and inefficient grazing patternsas-
sociated with group rancheshave reduced forage
availability towildlifeand their accesstograzing
areas. As an example, land owners around
Amboseli National Park must now grazetheir
animalsintheareayear-round, whereasprior to
subdivisionthey would have moved animalsover
awider region. That same areaisdry season
grazing for Ambosdli Basinwildlife, which now
must competewith livestock for forage.

Elephantsprovide an examplewherecultiva-
tion canreduceforageavailability. Elephantsthat
inhabit Amboseli Basin moveto the swampsin
southcentral Kgjiado to grazeduring timeswhen
ranfal islow. Asmentioned whendescribingin-
creasing land useintensity, the swampsoutside
Ambosdli National Park have either been fenced
outright, or are being surrounded by cultivated
plots. Theseplotslimit accessby wildlifeand
draw water fromtheswampfor irrigation. The
long-term effects on e ephant popul ationsand on
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the hydrology of Kgjiado swampsare unknown,
but theimportance of the swvampsare suggested
insimulations (Chapter 7). Inabroader sense,
cultivationin Ngorongoro (UNEP 2001), north-
ern Tanzania, and southwestern Kenyaisnot being
carried out in appropriate areas. Lands most
appropriatefor pastordistsand their animalsand
for wildlifearebeing used for agriculture. Plan-
ning for smal-scaecultivation hasnot been done,
sothat plotsaresmply placed near Maasai house-
holds or areas where water is most readily
available. Evidencefromsimulationsin NCA
suggest that decreasestowildlife populaionsfrom
cultivationwill first beevident in e ephants(Chap-
ter 7).

Ecotourism is variable from year to year,
but generally increasing in East Africa.
Sinclair (1995) cited a three-fold increase in
tourists in the Serengeti since 1987. Tourists
bring-in much needed revenue to national
parks and NCA, but also cause disturbance.
L odges and camps are increasing, especially
“micro-lodges’ housing a small number of
tourists, which are placed without prior plan-
ning. Increased tourism bringsmorevehicles,
increased erosion, more water use, and more
disturbancetowildlifeand livestock. Benefits
to local pastoralists from tourism are gener-
aly limited, however. Residentsbenefit from
tourismemployment and handicraft purchases, but
park fees, for example, aregenerally not shared
with residents. Touristspurchasing al-expense-
paid packagesprior tother travelsisalsoreducing
tourismrevenuesin EastAfrica

There is a disconnect between land-use
policies that are put in-place and how people
behave in practice. An example has already
been cited, where policy makers anticipated
Kagjiado group ranch membersto cooperate on
the maintenance of boreholes and livestock
dips, but pastoralists worked independently.
Another exampleisthepolicy preventing Maasal
from using the Ngorongoro Highlands Forest
Reservefor grazing, eventhoughtheMaasal have
used theforest asagrazing reservefor decades.
Maasa continueto usetheforest reserveasgraz-
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ing landswhen forageis sparse el sewhere, but
they break thelaw todo so. Insomeyears, in-
cluding in 2000, Maasal areremoved from the
Highlands Forest Reserve by the Ngorongoro
ConservationAreaAuthority.

Disease Risksand Other Threats

Wildebeest populationsreached apesk inthe
mid 1990sof an estimated 1.3 millionanimasin
the Serengeti Ecosystem (Sinclair 1995). Even
today, at about 900,000 animals, an estimated
450,000 wildebeest move onto Ngorongoro to
havetheir calves. Thispatternleadstowhat we
believeisthe most important constraint onlive-
stock productioninthe NCA —wildebeest calves
carry adiseasethat isfatal to adult cattle. Hun-
dredsof thousands of wildebeest begin moving
onto NCA in January, betweentheshort andlong
rains, and build until reachingapeak intheearly
wet season, inApril. Thewildebeest givebirth
during arelatively brief period, and about one-
third of the calves are born infected with
Alcelaphine herpesvirus 1, thevirusthat causes
malignant catarrhal fever (MCF) in cattle. The
remaining cavesquickly becomeinfectedwiththe
virus. Ascavesgraze, their noseand ocular se-
cretionsspread thevirusonto grassesand leaves,
whereit can persist for hours. Thevirusdoesno
apparent harm to wildebeest, but MCFisalmost
100% fatal to adult cattlethat eat contaminated
forage.

Maasal herdersarewell-aware of thethreat
wildebeest calves pose to their cattle. In the
days when wildebeest numbered perhaps
250,000 and legal restrictions were not in-
place (i.e., before 1960), Maasai built thorn
fences to exclude wildebeest from some parts
of the short grass plains, and harassed the ani-
malsto alow their cattleto grazewithlittlerisk
(McCabe 1994). Today herdersavoid MCF by
avoiding theshort grassplainsduring thewet sea
son(Figure2.4). Intheearly wet season herders
move cattledownto theshort grassplainsto take
advantage of the abundant and nutritiousforage.
Then asthewildebeest movein, theherdersmust
movether cattleback intothemidlandsand high-
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landsfor the duration of thewet season. Asthe
wet season endsand the wildebeest move on to
the plainswithin Serengeti National Park, the
Ngorongoro cattle are moved back downto the
plainsto feed on any new growth and theforage
that remains(Figure2.4). Finally, cattlemust be
moved back into the midlandsand highlandsin
the dry season because of alack of water and
forageontheplains(Rwambo et . 1999), with
some use of the areas around L ake Ndutu and
Olbabal Depression.

Thispatterninducestwo separate congtraints.
First, arelatively small area, perhaps 50% of
NCA, must support the cattle in Ngorongoro
during the wet and dry seasons. Second, ticks
aremost denseinthemidliandsand highlands, and
their populations are highest in the wet season,
when cattle must occupy theseareas. Therefore
the high mortality ratein cattlefromtick-borne
diseasesisin-part associated with the prevalence
of MCF inwildebeest. Theseconstraintshelp
explanwhy there seemsabundant forageinsome
parts of NCA but cattle populations have been
relatively stablefor years, and why someareasof
themidlandsand highlandsshow evidenceof over-
grazing. Someinsightsinto the number of cattle
that could be supported on NCA if an MCF vac-
cineweredeveloped are provided in Chapter 7.

Somethreatsto food security, wildlife con-
servation, and ecosystem integrity areessentialy
outsidetherealm of control of policy makersin
our study area:

— Warsin Somalia, Ethiopiaand Eritrea, and
in Ugandahave provided those residents with
easy accessto weaponry. Well-armed raiders
and former refuges then move into northern
Tanzaniaand southwestern Kenya,shooting live-
stock and wildlifefor food, and threatening or
injuring herders.

— Long-termglobd dimatechangeand El Nifio/
Southern Oscillation weather patterns must be
dedtwith. In East Africa, theeffectsof El Nifio
arerelatively predictable, leading to morethan
normal rainfall (Ropelewski and Halpert 1987).
However themagnitudeof increase can spanfrom
amoderateincrease that improvesforage pro-
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duction, to floodsthat drown people, ruin crops,
and causehighratesof tick-bornediseasesinlive-
stock andwildlife.

Managershaveonly partia control over other
difficult problems:
— Political instability and corruption can occur.
Donor agencieshavedifficultiesensuring that the
intended recipientswerereceiving aid givento
overseeing groups, for example. Today donors
work moreclosdaly with theintended recipientsto
confirmthedestination of aid.
— Fundsto repair and improveinfrastructure
areextremely difficult to come-by. It cantake
years for roads washed-out from heavy rains
to be repaired, for example. Made-made wa-
ter sources fill with silt and pipelines are
trampled by elephants, and repairs can take
years. As acursory example, Ole Katampoi
et a. (1990) showed 381 boreholesin Kgjaido,
but only 36% were operating.

Andfinally, managershave greater control
over other problems:
— Some areas are exhibiting large changes
in vegetation communitiesand land cover. For
example, ongoing work associated with the
GL-CRSPIMASprojectisdemonstrating large
changesinthevegetation of Ngorongoro Crater
inthelast 30 years. Another exampleischanges
intheland cover of theAmbosdli Basin, mapped
and described by Atieno (2000) and summarized
in Chapter 5.
— Livestock breeds owned by pastoralistsin
East Africatend to be extremely robust to dis-
ease and drought, but have low productivity.
— Inadequate veterinary services have been
citedin Ngorongoro. Effortsareunderway by
the Danishaid agency DANIDA toimprovevet-
erinary servicesinNCA.

Figure 2.4. Maasai cattle movements, re-
sponding to the threat of malignant ca-
tarrhal fever. Inthedry season (not shown)
the cattle occupy the midlands and high-
lands, with some use of the plains near the
slopes and Lake Ndutu. Adapted from
McCabe (1995).
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CONCLUSION

Themany threatsreviewed stressthe need
for a system that allows managers and stake-
holdersameans of assessing ecosystem effects
asawhole. For example, assgningland owner-
shipto groupsor individualsto protect property
rightsand increase stewardship isentirely rea-
sonable, but has had many unforeseen
consequencesin Kgiado Digtrict. If thepolicy
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andystsmaking thesedecisionshad toolsin-hand
that allowed them to access potential effectsto
the system asawhole, they may have reached
different conclusons. Assessmentsandtoolscre-
ated in the Integrated Management and
Assessment System project and described inthe
following eight chaptersallow policy makersto
dojustthat.
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Chapter 3

An Introduction to Chapters
Reporting GL-CRSPIMASACctivities

Randall B. Boone

INTRODUCTION

Asimplied by “collaborative” in the title
of our sponsoring organization, the Global
Livestock Collaborative Research Support
Program, the Integrated Management and
Assessment System (IMAS) project brought
together a large collaborative team. Many
scientists, students, and technicians joined in
assessing food security, conservation, and
ecosystem integrity in East Africa, and pro-
viding toolsto build local capacities. Severa
subprojects combined to form the GL-CRSP
IMAS project. Inthe most general sense, the
subprojects performed under GL-CRSPIMAS
were designed to support the devel opment of a
tool to conduct integrated assessments of alter-
native policies, with the SAVANNA modeling
system at its center. Field work gathered data
for usein setting-up the ecosystem model, GIS
andysescregted layersof information usedinmod-
eling plant and animal responses, and disease
model s and a socioeconomic model were cre-
ated to broaden the applicability of SAVANNA.
However, theinterestsand expertiseof GL-CRSP
IMASscientists, leveraged funding, and other op-
portunitiesthat presented themsdlves, dlowed us
to extend our assessment beyond model support.

We report on the subprojects under
GL-CRSPIMASIin seven chapters(Figure3.1),
which were based upon the major efforts under-
way inIMAS. How those chaptersare linked
together isdescribed below, and longer descrip-
tions of the chapters appear in the section that
follows. Insomecases, where subprojectswere
described was somewhat arbitrary —most of the
chaptersincludeinformation on ecosystem inter-
actions, for example, which isthe main topic of
thefirst chapter. Work deducing ecosystemin-
teractionsnot described inthefirst chapter arein
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other chapters because of amoredirect link to
those main chapter topics.

The GL-CRSPIMASincluded three major
modeling efforts, as diagramed in Figure 3.1.
Theseincluded adapting the SAVANNA model -
ing system to two areas and conducting
assessments (Chapter 7), modeling socioeco-
nomic relationshipsusing the newly devel oped
PHEWS model (Chapter 8), and modelinglive-
sock/wildlifediseaseinteractionsusing thenewly
developed SIDRAM models(Chapter 9). These
modeling tools, and the SavView interface cre-
ated under GL-CRSPIMASto dlow non-experts
to conduct ecosystemsimulations, arebriefly in-
troduced in Chapter 6 (Figure 3.1).

Spatid layerswere compiled into adatabase
to support the ecosystem and socioeconomic
modeling that was conducted, aswell astoalow
Sseparate spatial analysestobe carried-out. This
database and associated anal yses are described
inChapter 5 (Figure 3.1). Field-based anadyses
were conducted aswell, to provideinformation
needed to conduct ecosystem modeling and to
addtothe assessmentsof sitessurveyed. Stake-
hol ders contributed to the databases constructed
based on field interviews. Where field-based
work wasdirected at identifying anthropol ogical
relationships, itisreportedin  Chapter 8 (Hu-
man ecology in Figure 3.1). Wherefield-based
work involved quantifying therisk of livestock and
wildlifecontracting diseases, itisreportedin Chap-
ter 9 and represented in Figure 3.1 as Disease
ecology. Other field work isreported in Chap-
ter 4, including analyses of animal nutrition and
populations, forage quality and usage, and range
condition.

Thefinal chapter reporting activitiesunder
GL-CRSPIMAS, Chapter 10 (Figure3.1), de-
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scribesour methodsof gatheringinput from stake-
holdersbefore and during our research, to ensure
that our resultswould addresstheir needs. Out-
reach effortsand training methods are described.
Lastly, the effectsthe GL-CRSPIMAS project
has had upon policy isdescribedin Chapter 10.

CHAPTERSONACTIVITIES
Thefoundation of understanding ecosystems
isinfield studies. Chapter 4, by Ellisetd., en-
titled “ Ecosystem|nteractions: Implicationsfor
Human Welfare and Wildlife Conservation,”
reportson field work conducted under IMAS.
Analysesreporting grazing patterns, range con-

dition, and nutrient content of forage in
Ngorongoro ConservationAreaby M. Maskini,
R. Kidunda, A. Mwilawa, and others are re-
ported. Changesinland useandinthehumanto
livestock ratiosin Ngorongoro versusL oliondo
Game Controlled Areato the north (Lynn 2000)
arereported. Land usewasanalyzedin Kgiado
Digtrict, Kenyaaswel (Mworiaand Kinyamario
2000), relating livestock and wildlifeabundances
to patterns of use. The effects of land use on
vegetation and soilsin Kgjiado arereported as
wall.

Spatial layersfrom East Africacompiledto
support the Integrated M anagement and A ssess-

Intreduction to
modeling tools

Chapler &
Socloeconomic
modeling
(FHEWS)
L »
r | 4 Human ecology \,
Field-based & Chapter 8 ;
analyses / ™,
| . i “y Outreach and
o LA e o training
\ [~ | Ecological (SavView)
V) modeling
VoY (sAvaNNA) = *| Stakeholder input
\ s Chapler 7 Effects on policy
Spatial layers | Y : i s
and analyses | | I;f' Chapler 10

Chapler 5.k "-.,

Rx'.i

Chapter 3

Animal disease | f’x
maodeling ¥4

N (SIDRAM)
Disease acology

Figure 3.1. A diagram showing the chapters describing activities in the Integrated Manage-
ment and Assessment System project, and how they relate to each other. General topics of
chapters are shown in bold, computer models or tools in a lighter font, and chapters in
italics. Arrows represent major flows of information, with the results of field-based analy-
ses being used in socioeconomic and ecological modeling, for example, and feedback from
stakehol dersaffecting the modeling doneunder GL-CRSPIMAS.
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ment System project arereported in Chapter 5,
by Reid and Boone, entitled “ Spatial Databases
and Analyses in an Integrated Assessment of
East African Land Management.” A compre-
hensve spatia databasefor usewith ageographic
information system (GIS) was compiled for
Ngorongoro Conservation Area and Kajiado
Didtrict, Kenya, including land cover mapscre-
ated by M. Kalkhan and F. Atieno. Important
GlSlayerswerea so compiled for the East Afri-
canregion, and selected layersfor all of Africa.
The GISlayerswere used in analyses, such as
investigationsinto spatid and tempord variability
invegetation biomassusing indicesof greenness
generated from satelliteimages. Thelayerswere
also used in ecosystem and soci oeconomic mod-
ding.

Chapter 6, by Boone and Coughenour and
entitled “Modeling Tools of the Integrated
Management and Assessment System,” intro-
duces the SAVANNA ecosystem model and
SMSinterface created by M. Coughenour, the
Pastoral Household and Economic Welfare
Simulator (PHEWS) socioeconomic model
developed by P. Thornton, the Spatialy Inte-
grated Disease Risk Assessment Model
(SIDRAM) created by R. Howe and R. Boone
with J. DeMartini, and the user-friendly Sav-
View model interfaceby R. Boone. Thechapter
provides a brief introduction into each of the
IMAStools[moredetail may befoundin publi-
cations in Appendix C, such as Galvin and
Thornton (2000), Boone (2000), and Boone and
Coughenour (2000)]. Moreimportantly, poten-
tialy confusing linksbetween thedifferent tools
of IMASareexplained clearly.

“Using the SAVANNA Modeling Systemto
Address Potential Management Questions in
Ngorongoro, Tanzania and Kajiado, Kenya”
isthetitle of Chapter 7, by Boone et al. The
chapter describesthelocation and extentsof the
study areas, then providesdetail on how the SA-
VANNA modeling system was adapted to each
area. For the Ngorongoro Conservation Area,
management questions dealing with livestock
population levels, veterinary practices, accessto
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grazing, water sources, human population growth,
and cultivation were assessed using the SA-
VANNA application adapted for the ecosystem.
Inthe second sudy Site, Kgjiado Didtrict, Kenya,
example analyses addressed more concreteis-
suesof concerninthedidtrict, including theeffects
of managed blocksof land becomingsmaler and
smaller, lossof accessto swampsduring thedry
season, and the restriction of movementsof wild-
lifeaway fromAmbosdli Nationa Park.

Socioeconomic and anthropological re-
sultsarereported in Chapter 8, by Galvinand
Thornton, entitled “Human Ecol ogy, Econom-
ics and Pastoral Household Modeling.” The
chapter summarizes an extensive set of field-
based analyses where the nutritional status,
economies, and land use patterns of Maasai
pastoralistsin Ngorongoro Conservation Area
and Loliondo Game Controlled Area to the
north were compared. These comparisons
between Maasai with few restrictionson their
livelihoods (Loliondo) and Maasai with re-
strictions aimed at wildlife conservation
(Ngorongoro) help to quantify the costs of
conservation. Field work quantifying Maasai
economies in Kgjiado District is summarized
and reported. Lastly, the PHEW'S socioeco-
nomic model is described, aswell asitslinks
to the SAVANNA ecosystem model. The
PHEWS model isused to help understand how
Ngorongoro Maasai respond to drought and
other events, and predicts potential changes
in their nutrition and cash reserves.

Efforts to map and describe disease risks
inNgorongoro Conservation Areaand Kgjiado
District, Kenya, are discussed in Chapter 9,
which is entitled “Animal Disease Risk and
Modeling in East Africa,” by DeMartini et al.
A survey technique called Participatory Rapid
Appraisas, combinedwith aliteraturereview, a-
lowed for adetailed description of the areas of
Ngorongoro where livestock and wildlife are
prone to particular diseases. Further, the sea-
sons in which diseases are most prevalent are
described. Thechapter thenincludesadescrip-
tion of the disease modeling conducted as part of
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the SIDRAM effort. A mode estimating thenum-
bersof catleinfected withmaignant catarrhd fever
was completed, whichisbased upontherelative
mixing of cattle and wildebeest, which carry the
virus. Lastly, amodel representing the spread of
rinderpest within the Ngorongoro cattle popula-
tionisdescribed.

Chapter 10, “Making GL-CRSP IMAS
Useful to Sakeholders and Policy Makers,”
by Coughenour and Boone, isthefinal chapter
summarizing activities, but it could dso havebeen
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thefirst chapter — stakehol der input gathered in
1997 formed thefoundation of IMASactivities,
and that effort isdescribed in Chapter 10. How-
ever, thebulk of the chapter reportson our efforts
toinform and train East Africans. Demonstra-
tionsand workshopsheldin Kenyaand Tanzania
aredescribed, asaretraining sessonsheldin Dar
esSadlaam and Nairobi. Stepswe havetakento
affect policy decisionsand toolswehaveput in-
placein East Africaare described.
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Actual forageyield
(mean kg dry matter/ha)

Potential forageyield
[cages] (kg dm/ha)

Site Dry season

1. Ngorongoro Crater
Seneto 2740
Munge 2675
Ngoitoktok 2445
Lerai 2330

2. Maanja 3144

3. Esilwa 896

Wet season Wet season
2800 3440
2824 3520
2344 2980
2464 3200
3337 3514
1552 1872

Table4.1. Summary of actual forageyield and potential at the Ngorongoro ConservationArea

Yield CP ADF  NDF ADL DM Ash
Site (@/025m%) (%) (%) (%) (%0) (%) (%)
Crater 282.00* 853"  4292*  76.16° 828 2597°  10.92°
Esilwa 153.17° 998" 4056° 7063 6.20° 1818 12.33
Maana 31217 854° 4226 7698° 800° 30.36°  10.66°

"Meansfollowed by the sameletter arenot significantly different at the 5% level of probability.

Table4.2. Effect of Steonforageyield and chemical composition at the Ngorongoro Conserva

tion Area.
Season Yield CP ADF NDF ADL DM Ash
(9/025m) (%) (%) (%) (%) (%) (%)
Dry 197.80% 8.46%  44.21° 71.23° 8.612 29.75% 11.53%
Wet 307.00° 10.06°  38.99° 75.91° 5.75° 20.16° 11.607

Meansfollowed by the sameletter arenot significantly different at the 5%level of probability.

Table 4.3. Effect of season onforageyield and chemical composition at the Ngorongoro Conser-

vationArea.

Range Condition Assessment

Range condition was determined according
to the methods outlined in the Range Improve-
ment Task Force (1981). In this study, paced
transectswere used to determinerange condition
using composition, vigor, plant cover, and soil con-
ditiondata. Thetransectswerethesametransects
previoudy sdlected for determining potentia for-
ageyield. Atotal of 100 observationscomprised
atransect and at each of the 100 observations, a
3/4inch diameter metal loop attached to awire
was placed immediately infront of thetoe of the
right shoe. Hitson vegetation, litter, rock and bare
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ground wererecorded. Hitsandtdlieswereclas-
gfied asdecreasers, increasersand invaders. The
composition scorewasdetermined fromarating
scale. Geo-referenced plots were protected in
cages (enclosures) of 0.25 m? from January to
April, and caged comparisonswere used to de-
termine percentage utilization.

Vegetation from protected and unprotected
plots was clipped and the difference between
thetwo paired plotswas considered the amount
removed by grazing (Pieper, 1978). Soil samples
weretaken every 200 m along atransect selected
for determining forageyidd. Fifteen sampleswere
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collected from the Crater and ten each from
M alanja depression and Esilwa respectively.
Samplesfrom eachlocation weredried and then
mixed thoroughly to produceacomposite sample
of 250 g from each site (Tisdale and Nelson,
1975). Soil sampleswereanalyzed for nitrogen,
phosphorusand pH. Slopewasdetermined by a
clinometer in each of the three sampled areas.
Multipleregression was used to determinethe
effect of Ste-related factorsand seasonswith for-
ageyidd, utilization level sand forage chemical
composition. Thethree siteswere compared us-
ing forageyield (g/0.25 m?) and chemica com-
position.

Rangeconditionrating for thethreesteswere
“good” for the Crater and Malanjaand “fair” for
Eslwa. Thetrendfor Esilwawasdeclining, but
stable for Malanja and the Crater (Table 4.4).
Range condition had aggnificant effect (P<0.01)
onforageyield, chemica composition and dry
matter (Table4.5). Thesitesin good condition
weredgnificantly (P<0.01) higherinforageyield,
ADF, NDF, and ADL, whilerange with afair
condition had a higher (P < 0.01) ash and CP
content than the Crater and Maanja, respectively
(Table4.5).

Maanja

Vegetation at Malanjawas characterized as
short grassland, which is an extension of the
Serengeti Plains. Dominant species were
Cynodon and Andropogon. Other specieswere
Themeda, Cyperus, Sporobolus, Setaria and
forbs(Table4.6). Mdanjahad the highest forage
yield (3144 and 3337 kg DM/ha) in both sea-
sons (dry and wet). Although forageyield was
highes, theaverageutilization wasonly 10%. Soils

Range

Condition
Site Score Class Trend
Crater 71 Good Stable
Malanja 69 Good  Stable
Eslwa 55 Fair Declining

Table4.4. Summary of range conditionand
trend ratingsat the Ngorongoro
ConservationArea.

wererichinorganic matter and phosphorus, with
anaveragepH of 6.5. Cation exchange capacity
was medium and range condition score was
“good’ (Table4.7).

The bottomland at the center of the depres-
sion had black cotton soil and was slightly
muddy in the dry season. Signs of soil poach-
ing were evident and moreforbswererecorded
here than on the slopes. Slopes were gentle
ranging from 5° at the bottomland to 30°.
M alanjadepress on was experiencing common
use of pastures by both livestock and wild her-
bivores throughout the year. Utilization was
highest at the bottom of the depression during
the dry season by 17%. Thiswas partly influ-
enced by slope, greener pastures, and particu-
larly, forbsand Cyperus. Scoresof bareground
weregregter a the bottom center than onthedope
in both seasons. Thiscould have been attributed
to moretimebeing spent by herbivoresat thede-
pression center than on dopes. It could aso have
been attributed to soil moisturethat maintained
greener pastures at the bottom center than onthe
dopes. Morelitter was scored onthe slopesthan
thebottomland. Thiswasasign of under utiliza-
tion on slopes. Wild herbivoreswere seen graz-
ing asfar as20° upthedopes. However, Maasal

Yield CP ADF NDF ADL DM Ash

Condition (g/0.25 m?) (%) (%) (%) (%) (%) (%)
Fair 163.17¢ 9.98* 4056 70.63° 6.20° 18.19% 12.33
Good 294.93 853 4264° 76.51° 8.16° 28.50° 10.80°

Meansfollowed by the sameletter arenot significantly different at the 5% level of probability.

Table4.5. Effect of rangecondition onforageyield and chemical composition at the Ngorongoro

ConservationArea.
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Species composition  Vegetation cover

Site Species (%) (%)
Ngorongoro Crater
Seneto Chloris 24 88
Cynodon 21
Andropogon 18
Pennisetum 17
Cyperus 9
Setaria 1
Forbs 10
Munge Cynodon 64 89
Andropogon 10
Pennisetum 9
Spoorobolus 4
Cyperus 7
Forbs 6
Ngoitoktok Andropogon 54 80
Pennisetum 17
Cynodon 11
Cyperus 8
Forbs 10
Lera Cynodon 87 91
Cyperus 4
Spoorobolus 7
Solanum 2
Malanja Cynodon 45 86
Andropogon 18
Cyperus 8
Spoorobolus 3
Themeda 13
Setaria 9
Forbs 3
Esilwa Themeda 44 60
Hyparrhenia 20
Setaria 8
Spoorobolus 2
Ocimum 8
Forbs 8
Acacia seedlings 4
Solanum 6

Table4.6. Summary of plant speciescomposition and percentage vegetation cover for the Crater,
Mdanja, and Eslwa
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Phosphorus Cation exchange capacity Organic matter

Site pH (ppm) (%) (%)
Ngorongoro Crater 7.5 49 50 3.8
Malanja 6.5 45 39 3.0
Esilwa 6.0 38 23 1.8

Table4.7. Soil test results for the Ngorongoro Conservation Area.

grazed their livestock on even higher slopes,
greater than 40°, becausethey wereclosetotheir
homesteads.

Onacomparativebass, Maanjawasfar less
utilized than the other two sites, although it had
the greatest amount of forageyield (kg DM/ha).
M ean percentage utilization levelsfor thethree
dtesarepresentedin Table4.8 including four sub-
locationsfor the Crater. 1t had aresident herd of
livestock (1420) and wild herbivores(770) inthe
dry season. The number of livestock raised to
2615 and that of wild herbivoresto 1002 inthe
wet season (Table4.9). One specul ation wasthat
both livestock and wild herbivores partly satis-
fiedtheir grazing requirementsat the Crater when
they went for salting and watering.

Eslwa

Eslwaisawooded grasdand with Themeda
and Hyparrheniain the understory and Acacia
trees in the overstory (Table 4.6). Vegetation
cover was 60%, bare ground 35% and 5% of
litter and rock. Theterrain was mountainouswith
adope of greater than 45°in some places. Ero-
sonandovergrazing were prevaent. Leguminous
forbs, Ocimum, Solanumand anumber of Aca-
cia seedlingswereencountered during sampling,
and their increasein the Ngorongoro short grass-
land hasbeeninterpreted asasign of overgrazing

Site M ean utilization (%)

1. Crater

Seneto 10

Munge 12

Ngoitoktok 18

Lerai 16
2. Maanja 10
3. Esilwa 30

Table4.8. Mean percentage utilizationlevels.

(Anderson and Talbot, 1965). Besides being of
no browsing value, Solanumand Ocimum have
been reported to be poisonous (Verdcourt and
Trump, 1969). Acaciatortilisisnow regenerat-
inginsuchlocditieswithinthegrasdand onridges.
Such regeneration of woody speciesinthe ab-
sence of fire has been mentioned by Glover
(1968).

Soilswere shallow and mostly brownishred
sandy loamswith apH of 6.0. Organic matter
content waslow (Table 4.7). Forageyieldsbe-
tween the dry and wet seasons were 896 and
1552 kg DM/harespectively. Although Esilwa
wasin‘fair’ condition, itsforage chemical com-
position was better in both seasonswhen com-
pared with Malanjaand the Crater (Table4.3).
Eslwahad apermanent herd of livestock and wild
herbivores, but nofiguresareavailable. It was
themost heavily utilized area (30% use) (Table
4.8) by Maasai livestock. Besidesovergrazing,

Dry season Wet season
Site Wild herbivores  Livestock Wild herbivores  Livestock
Ngorongoro Crater 15087 NA* 31291 NA*
Malanja 770 1420 1002 2615
Esilwa NA* NA* NA* NA*

* Not applicable. Source: Ngorongoro Crater census (1998 and 1999).

Table4.9. Summary of livestock and wild herbivoredensitiesfor thedry and wet seasonsfor the
threesites, Ngorongoro Crater, Maanja, and Esilwa.
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therewereevident sgnsof cultivation at Esilwa
by Maasai tribesmen and other residentsaround
their homesteads. Cropsincluded maizeand Irish
potatoes. Theareawas, therefore, under moder-
ateto high grazing pressure by livestock andtoa
lesser extent, wild herbivores, whichresulted in
theinvasion of shrubsand leguminousforbsand
regeneration of woody species. Both proteinand
ashweresignificantly higher (P<0.01) at Eslwa
than the Crater and Malanja, whereascellulose
contentsweresgnificantly higher (P<0.01) (Table
4.3) a Mdanjaand the Crater than Esllwa Hence,
plantsat Esllwawere more preferred and conse-
quently wereutilized moreintensively. However,
these plantswere not astolerant to heavy useas
plantsonfavorablestesof theCrater and Mdanja
because of thegenerally poor growing conditions.
Livestock trailswererampant and they al lead
downhill toward water pointsaong thedirection
that overlooked Lake Eyasi.

TheCrater

VegetationintheCrater and Mdanjawasadso
characterized as short grassdand whichisan ex-
tension of the Serengeti Plains. Speciescompo-
sition included: Cynodon, Andropogon,
Pennisetum, Chloris, Cyperu, Setaria,
Sporobolus, etc. (Table 4.6). The average for-
ageyiddfor the Crater was2547.5 and 2608 kg
DM/hafor thedry and wet seasons, respectively.
TheCrater withitsvolcanicand dluvid soilsfrom
internaly drained riversand springshad thehigh-
est organic matter, Cation exchange capacity,
phosphorus and a pH of 7.5 (Table 4.7). The
Crater had twicethe number of wild herbivores
in the wet season compared to the dry season
(Table4.9). It had wild herbivoresonly, withon
and off visitsof livestock at the southern end of
Seneto and part of Lerai to accessminera licks
and water. The Crater hasfour sub-locationsas
described below.

Seneto

With autilization of 10%, Seneto was pre-
ferred by buffalo. Thiswastheleast used area
of thefour sub-locationsinthe Crater. Utilization
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wasgenerdly uniforminthewholeof Senetoareg,
except at theentrance sitewherelivestock from
Mdanjaand other adjacent areaskept utilization
levelsdlightly higher, when protected plotsand
grazed areaswere compared. Areas occupied by
gazellesshowed moreuseintermsof thediffer-
ences of the sampling points, although thiswas
not statistically tested. The number of buffaloin
the Crater in the wet season wasthreetimesas
much (9365) compared to the dry season with
only about 2564. Thisincrease correl ated Sgnifi-
cantly (P<0.01) with thewet seasonincreasein
forageyield and chemical composition (Table
4.3). Thedominant forage specieswere Chloris,
Cynodon and Andropogon. Herbivores at
Seneto had towalk about 2 kmor moredaily in
search of water. Gazelles were always seen
around water points. Plant cover was 71%, bare
ground, 12%, and litter was 17%. Potentia pro-
ductionfromthecageswas 3440 kg DM/ha. The
variation of forage between the seasonswas sig-
nificant but utilization remained at 10%. Although
utilization wasnot measured by species, Chloris
showed more signs of use than Cynodon and
Andropogon.

Munge and Ngoitoktok

The utilization levels for Munge and
Ngoitoktok were 12% and 18%, respectively
(Table 4.8). Food availability, distance to wa-
ter, and slopefavored utilization in these sites.
Utilization wassgnificantly higher at Ngoitoktok
compared to Munge, possibly because palatable
forbsattracted herbivores. Munge had a higher
production potential (3520 kg DM/ha) than
Ngoitoktok (2980 kg dm/ha). Thetwo Steswere
adjacent to each other and shared dmost thesame
typeof herbivore speciesduring thetwo seasons
(dry andwet). Herbivore speciesincluded: wilde-
beests, gazelles, eland, hippopotamus, and os-
triches. Dominant forage speciesat Mungewere
Cynodon, Andropogon and Pennisetumwhilst
at Ngoitoktok, dominant species were
Andropogon and Cynodon, in that decreasing
order (Table 4.6). However, Ngoitoktok had
more forbs than Munge. Slope for both sites
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ranged from 0-10° and distanceto water wasless
than 2.5km.

Leral

Thesitewascomposed of asmall wetland forest
(Lerai Forest). Itisthehomefor bushbucks, el-
ephants, water bucks and rhinos. Cynodon was
the dominant forage plant. Its potentia produc-
tion was 3200 kg DM/haand the actual produc-
tion for the dry and wet seasons was 2330 and
2464 kg DM/harespectively. Distancefromwa-
ter waslessthan 1.5 km. Large herbivore move-
mentswererelated to availability and preference
of food and water (Buss1962). Water wasclearly
acritical factor for elephants’ survival at Leral.
According toWeir and Amaldale (1973), water
isnot only needed for meeting metabolic activi-
tiesinthe body, but also supplementing minera
requirements, especidly inareascharacterized by
high concentrations of water soluble sodiumand
potassium associated with calcium. Signsof de-
barking and destruction of branchesand pole-
Szetreeswereevidencesof elephants activities.
Theaverageutilization level was 16%. Thewest-
ern area adjacent to the Seneto entrance (bot-
tomland) recaived higher utilizationlevelsof upto
22% onindividua samplingplots. Itissuspected
that Maasai livestock increased thegrazing pres-
sureduring salting and watering activitiesat the
southwest end of Lerai. Grazing wasevident up
to 20° dope. Availability of water, aswell assat-
ing grounds, was attributed to be part of the key
factorsthat affected grazing useat Leral.

Concluson

Forageyield, protein content, and crudefi-
ber increased with annual precipitation. These
factorscorrelated with increased numbers of mi-
gratory wild herbivores during the wet seasons.
It was evident that spatial and temporal grazing
patternsof livestock and wild herbivoreswere
corrdated withfood availability, qudity and other
Sterelated factors. However, climate or seasond
variationswere the key factorswhich brought
about changesinwild herbivore numbersinthe
wet and dry seasonsrespectively. Seasondity was
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also responsiblefor the changesin thechemical
composition of pasturesand dry matter contents.

Estimated forage yields, chemical and
mineral composition of preferred forage
species, and livestock body condition

Inarelated study, Mwilawaet d. (2000) in-

vedtigated variationsin thequality and quantity of
forages selected by livestock and livestock body
condition aong transectssimilar tothose used by
Maskini and Kidunda (2000). Two transects, one
running from Oloirobi to Endulen and another run-
ningfromOloirobi to Olbadbd throughtheMdanja
depression, were selected for thisstudy. Objec-
tiveswereto: a) identify forage speciespreferred
by livestock; b) determineforagenutritivevaue
for thepreferred species; and ¢) assesslivestock
condition asrelated to forage nutrient value.

Four pastoral householdswere selected in
each of thetwo grazing routes. These households
wered least 8km apart; GPSreadingsweremade
for each household. Forageyield was estimated
inMay using double-sampling, anon-destructive
method. Forageyield accountsfor grazing ac-
cessby both livestock and wildlife. Theforage

Speciesidentified by pastordigsasthosepreferred

by livestock, were sampled for chemical deter-

mination. Forage samples were collected for
chemica and minerd determination of dry matter

(DM), crude protein (CP), in-vitro dry matter

digestibility (IN-VDMD) and in-vitroinorganic

matter digestibility (IN-IOMD). Minerd compo-
stionwasdetermined for potassum (K), calcium

(Ca2+), magnesium (Mg 2+), phosphorus (P)

and sodium (Na). Theanalysiswasdoneat the

Department of Animal Science at the Sokoine

University of Agriculture, Morogoro, Tanzania

At the selected househol ds, livestock body con-

ditioning assessment and monthly feca sampling

were conducted. Thelivestock body condition
wasmeant to provideafield animal assessment
inrelationtoforageand water availability. Fecal
samplesfrom cattle and goatswere sampled once
amonth for each household. Thefecal samples
werelater andyzedfor diet qudity (CPand DOM)
determinationthrough NIRSandlysisat Debri Zeit
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Gan LAB, ILRI, AddisAbabawith assistance
from the Livestock Early Warning System
(LEWS) Project, asister project to Integrated
Modeling Assessment Systems (IMAS). Mean
foragedry matter yields (kg DM/ha) for herbage
edimatedintheareastudied arepresentedin Teble
4.10.

On average, forage DM for the Oloirobi —
Endulen route was 2300 kg DM/ha. The high-
est forage DM estimated were 2600 kg DM/
ha close to household number two. Along the
Oloirobi —Malanja—Olbalbal route, the aver-
age forage DM estimated was 2780 kg DM/
ha. The highest yield estimated was 4500 kg
DM/harecorded closeto household three. The
high yield is attributed to the abundance of
Cynodon spp. on the Olbalbal depression near
to Olbalbal swamp. The amount of forage DM
was estimated in afree-range grazing system
wheretheareaisaccessibleto bothwildlifeand
livestock.

Chemica and minerd vauesof preferredfor-
agepeciesarepresentedin Tables4.11 and 4.12.
Theaverage DM valuesranged from91.17%to
95.26% for Aspillia mosambicensis and
“Arang awa’ repectively. Theoverdl meanvaue
for DM was 93.38%. The average CP values
ranged from 4.53%to 17.68% for Pennisetum
schimperi and Trifolium subrotundum. On av-
erage, the forage sampled had CP of 10.19%.

The mean IN-VDM and IN-IOMD were
72.07% and 71.60% respectively. Mineral val-
uesfor K, Ca, Mg, Pand Naranged from 1.35%
- 5.75%; 0.2% - 1.95%; 0.11% - 0.56%; 0.7%
- 2.16% and 0.33% - 1.7% respectively. On av-
erage, these range forages had low phosphorus
(1.21%).

Livestock Body Condition Scores (BCYS)
during May were M+ for cattleand F for goats.
Thisimplied that during thistime, livestock were
ingood condition.

L ong-term changesin grazing patter ns,
vegetation composition and herbivore
speciescomposition in Ngor ongor o
Crater.

IN1975, new rulesexcluded M aasai livestock
from grazingintheNgorongoro Crater, but cattle
herdsarestill allowed to enter the crater tempo-
rarily for water and tousetheminerd licks. Since
then, there have been magor changesin the popu-
lation composition of wild herbivores in the
crater. Wildebeest numbers have decreased ac-
companied by acompensatory expansion of buf-
falo numbers, but no net changein overal herbi-
vore biomass has occurred. At the same time,
vegetation species composition has shifted and
the GL-CRSPisinvestigating these vegetation
changesinrelation to the observed herbivoredy-

Household Number

kg dm/ha

Oloirobi-Endulen route

Mean

Oloirobi-Malanja depression-
Olbalbal route

Mean

1 2100
2600
2300
2200
2300

A OwWN

2400
1800
4500
2400
2780

0 N O O

Table4.10. Averageforagedry matter yield (kg dm/ha) for herbage estimated during midtolate

flowering plant stageinthe study area.
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Flowering DM CP IN-VDMD IN-IOMD
Scientific name M aasai nhame Stage (%) (%) (%) (%)
Cynodon dactylon Emurwa L 9436 552 73.43 71.93
Chloris pycnothrix Oloibonikipa L 9430 7.23 75.31 73.81
- - Ngaitoktoku M 9358 8.75 72.01 71.66
Pennisetum spp - - M 9271 951 68.56 71.73
Trifolium subrotundum Emdapipi E 92.10 17.68 79.20 78.92
- - Endaipirikukurti M 9250 9.98 73.33 72.80
Lippia javanica Osindni M 92.18 11.93 76.03 74.70
Themeda triandra Orperes M 9262 5.72 64.02 64.02
Solanum incanum Endulelei M 93.78 10.98 79.91 78.24
Leonotis molisma Olbibiayi M 92.61 11.09 71.53 70.58
Commelina Ngatetey M 91.27 7.32 72.68 71.40
banglansenis
Aspiria Nguyapasel M 91.17 7.95 79.81 7754
mosambiquensis
Acacia spp Endebesi E 92.85 13.59 63.30 61.75
Acacia spp Altarara E 93.17 15.99 68.14 66.21
- - Olikipetepole E 91.93 165 80.79 81.75
Leersin hexandra Lamnyani M 9481 6.95 65.04 65.83
- - Ngusero M 93.78 9.17 75.36 75.5
- - Orgujitaonyoki M 9432 531 67.79 67.82
- - Engipumbu M 93.75 10.89 70.81 71.23
- - Oegujitaonyoki L 94.00 4.64 67.83 65.20
- - Lepulunga M 9361 8.25 73.67 70.81
- - Osangashi L 9449 6.13 67.57 65.50
- - Parakay M 9353 8.8 77.73 76.14
Cyperus spp Oseyayi M 93.76  9.22 72.29 71.23
Leersin hexandra Lamnyani M 93.72 6.31 65.75 -
Pennisetum schimperi  Olopikidongoi L 93.99 453 68.26 -
Themeda triandra Orokojetaonyoke M 9532 6.24 66.72 66.46
Aspiria Oloyapasi E 92.88 18.58 76.87 75.67
mossambicensis
Acacia lahai Indepesi E 9351 17.19 66.34 65.65
Povonia patens Ngominyara E 90.33 19.68 80.69 78.06
Cynodon dactylon Emurwa M 93.75 11.30 75.56 74.55
Trifolium subrotundum Emdapipi E 92.83 15.88 82.14 81.22
- - Arangawa L 95.26 5.59 63.74 62.97
Cynodon dactylon Emurwa M 94.77 13.66 77.38 77.38
Chloris pycnothrix Oloibonikipa M 94.81 8.69 62.88 64.40
Mean 93.38 10.19 72.07 71.60

Table 4.11. Chemica composition of forage speciesidentified aspreferred by livestock inthe
study area. Dashessgnify unknown information, and horizonta linesserveonly asvisua guides.
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Flowering K Ca2+ Mg2+ P Na
Scientific name Maasai name Stage (%) (%) (%) (%) (%)
Cynodon dactylon Emurwa L 2.40 0.27 016 112 0.80
Chloris gayana - - L 3.20 2.80 036 094 085
- - Ngaitoktoku M 2.20 0.37 020 0.80 0.80
Pennisetum spp - - 2.70 0.39 028 216 150
Trifolium subrotundum  Emdapipi E 3.10 0.83 024 250 150
- - Endai pirikukurti M 2.25 0.86 024 133 085
Lippia javanica Osindni M 3.60 194 045 350 033
Themedatriandra Orperesi M 8.20 1.95 056 206 140
Solanum incanum Endulele M 2.85 0.99 048 164 0.85
Leonotis molisma Olbibiayi M 3.25 0.49 028 159 0.80
Commelina Ngatetey M 3.94 1.07 027 156 170
banglansenis
Aspiria mosambiquensis Nguyapasei M 0.65 - - 0.75 0.75
Acacia spp Endebesi E 1.65 0.56 020 0.74 0.80
Acacia spp Altarara E 1.95 0.45 018 074 0.85
- - Olikipetepole E 345 0.47 024 131 095
Leersin hexandra Lamnyani M 240 0.50 028 070 0.85
- - Ngusero M 3.25 0.44 027 174 085
- - Orgujitaonyoki M 155 0.24 017 074 0.80
- - Engipumbu M 3.10 0.33 023 114 085
- - Oeguijitaonyoki L 1.25 - 012 082 075
- - Lepulunga M 4.90 0.99 044 103 1.00
- - Osangashi L 2.25 0.20 021 0.86 0.80
- - Parakay M 2.20 0.37 031 0.77 0.90
Cyperus spp Oseyayi M 4.00 0.46 022 103 105
Leersin hexandra Lamnyani M 1.90 0.39 027 098 0.90
Pennisetum schimperi  Olopikidongoi L 2.50 0.18 014 110 085
Themeda triandra Orokojetaonyoke M - - - - -
Aspiria mossambicensis  Oloyapasi E 5.45 112 036 089 095
Acacia lahai Indepesi E 2.95 0.38 020 115 090
Povonia patens Ngominyara E 3.00 1.32 037 1.03 0.85
Cynodon dactylon Emurwa M 2.80 0.35 019 088 085
Trifolium subrotundum  Emdapipi E 5.75 0.84 028 091 130
- - Arangawa L 1.35 0.20 011 086 095
Cynodon dactylon Emurwa M 3.65 0.65 028 0.78 0.80
Chloris pycnothrix Oloibonikipa M 3.15 0.21 011 103 0.85
Mean 3.02 1.47 026 121 093

Table 4.12. Minerd compositioninforage speciesidentified aspreferred by livestock inthe
NCA. Dashessignify unknown information, and horizontd linesserveonly asvisud guides.
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namics (Moehlman et al. 1997, research in
progress). Theongoing investigationincludes
datisticd andyses, NDV I greenessandys's, com-
paring NDV | profilesto trendsin plant biomass
and observed changesin herbivorenumbers. In
addition, we compared arecently created Crater
vegetation map to amap developed in the 1960s
by Herlocker and Dirschl (1972). Both mapsin-
cludedetailed information on vegetation typeand
cover. GlSanalyseswere used to quantify cover
of each vegetation typewithin thecrater and cal-
culate changesin cover typesfrom 1972to the
present (see Reid and Boone, Figure5.5, Chap-
ter 5).

HUMAN-HERBIVORE INTERACTIONS
INMAASAI PASTORAL ECOSYSTEMS
One of the central themes of thisresearch
program deals with the relationship between
herbivores, both domestic and wild, and hu-
man pagtordists. Human-livestock retiosindicate
both the type of economic activities that
pastoralists engage in, and the relative level
of welfareof pastord families. Thedigtribution of
wild herbivoresrelativeto thedistribution of hu-
mans indicates the nature of the relationship,
whether pogitiveor negative, between pastoraists
andwildlife

Human - Livestock Ratios

The economic difficulties of the Maasai
pastoralistsin Ngorongoro ConservationArea
are well known (Potkanski 1994, Thompson
1997). Oneobjective of our study wasto deter-
minewhether these difficultiesareendemicto
Maasai pastoraliststhroughout northern Tanza-
niaor if they are specificto NCA Maasai. The
experimental design of thispart of thestudy in-
volved comparing various aspects of NCA
Maasai ecology and economy withtheir M aasai
neighbors outside the NCA in the adjacent
Loliondo Game Control Area(LGCA) (Lynn,
2000). (Note: This portion of the NCA study
was jointly supported by the GL-CRSP and
the USNational Science Foundation.) A total
of 54 heads of Maasai households were inter-
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viewed in both NCA and LGCA. These house-
holds represented about 1% of thetotal popula-
tion of the NCA and probably somewhat more
than that for LGCA. Interview datashowed that
householdsin LGCA possess about threetimes
thelivestock holdings(inTropical Livestock Units
per person) compared to NCA households (Fig-
ure4.1) (Lynn 2000).

Furthermore, most (> 85%) interviewed
NCA familieshavefewer thansix TLUSs per per-
son, agenera ly accepted minimum number nec-
essary for subsistenceon livestock alone. This
supportsthe previous suggestion that over 50%
of NCA Maasal live below the poverty line, as
defined by the Maasai themselves (Potkanski
1994). In contrast, lessthan one-third of LGCA
househol dsreported fewer than Sx TLUs per per-
son, indicating aconsiderably better level of wel-
farethanfound among NCA Maasa (Lynn 2000).
Thesituationisameliorated somewhat because
amost all Maasai in both NCA and LGCA en-
gageinlimited cultivation dthough again, LGCA
Maasa haveconsderably larger agricultura acre-
age per person thanin NCA whereplot sizeis
limited by conservation policy (Lynn 2000).

Further confirmation that theMaasa inNCA
areinanunusually difficult economic situation
comesfrom our GL-CRSPresearchin Kgjiado
Digrict, Kenya(BurnSilver in progress). Surveys
onsix group ranchesin Kgiado foundthat live-
gock/humanratioswere, indl cases, greater than
thosefoundinNCA.. Thehighest ratioswerecom-
parabletothosefoundin LGCA, i.e.,>10TLUs
/person (Table4.13). InKagjiado, thoseregions
where peopleare dependent exclusvely onlive-
stock had the highest livestock/human ratios (~
10 TLU/person) whilethelowest ratiosoccur in
regionswhererain-fed or swvamp-based cultiva
tion is an important enterprise (Burnsilver in

progress).

Human - wildlifeinter actions

“Most of thegreat concentrationsof wild graz-
ing herbivoresin East Africaoccur inlocations
currently or formerly occupied by pastoral
people.” Thisassertionisoften made, but sel-
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Figure4.1.LGCA householdshave approximately threetimesthelivestock (TLUS) per personas

NCA households.

domtested. Itimpliesthat interactionsamong pas-
toral peopleand wildlifewere, and may still be,
positiverather than negative. This hasobvious
implicationsfor both conservation and the devel -
opment of livestock and pastoral people. One
component of GL-CRSP research set out to
quantify the effect of human settlement patterns
onthedengty, spatid digtribution and biodiversity
of wildlife(Reid et d. 2000). Thestudy took place
on pastora group ranchesat the northern edge of
the Serengeti-Maraecosystem in Kenyawhere
livestock herdsexist Sdeby sdewithdiversewild
herbivore herds. Intense ground surveys (0.3 x
0.3km) wereconductedin thewet season (April)
and dry season (November) of 1999. Spatid dis-
tributions of 23 speciesof wildlifeand 4 species
of livestock wererecorded (GPS) and analyzed
(GIS). In both wet and dry seasons, livestock
were found to congregate near Maasai bomas
whilewildlifeclustered at intermediate distances
from bomas during the wet season. Livestock
weremost abundant within 1 km of bomasinthe
wet season; wildlifeweremost abundant and di-
verseat 2-3 kmfrombomasites. Wildlife abun-
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dance declined slowly out to distances of about
5-6 km, after which abundance declined dramati-
cally out to14 km from bomas (maximum dis-
tance sampled). Wildlife densitiesexceeded 100
/km?within 2-3 km of bomas; livestock densities
wereontheorder of 10-20/ km? over thisarea.
Livestock digtributionwassimilar in both wet and
dry seasonswhereaswildlife were much more
evenly distributed over the sampled areainthe
dry season. Herbivore (both livestock and wild-

Standard
Study area Mean N deviation
Selengel 5.23 6 3.363
Lengisim 9.99 6 9.553
Meshenani 10.24 7 5.840
Mbirikani 6.32 8 4.287
North
Mbirikani 5.52 7 1.960
South
Osildei NA NA NA
Total 741 34 5.582

Table4.13. TLUsper adult equivaent/
household among Maasai group ranches,
Kgjiado, Kenya
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life) biomasswasaround 11,000 kg/kn? within 3
km of settlementsinthewet season; it wasabout
half thisleve during thedry season.

Livestock and wildlife distributions were
clearly complimentary during the wet season
with livestock dominating theareawithin 1 km
frombomasandwildlifeconcentrating at 2-3kms
frombomas. But why dowildlifecluster at this
intermedi atedistanceduring thewet (plant growth)
season? Three dternative hypothesesare under
investigation: 1) nutrient concentrations near
bomasimproveforage quality and attract wild-
life; 2) wildlifecluster around settlementsto avoid
predators; and 3) Maasal tend to locate their
settlementsinareaspreferred by wildlife. Regard-
lessof which of these hypothesesprovescorrect,
thisstudy has documented and quantified, possi-
bly for thefirst time, the adagethat pastoral pro-
duction systemsand wildlifeconservation arenot
only compatible, but represent apositiveinterac-
tion, at least for wildlife.

HUMAN LAND USE PATTERNS
AND IMPLICATIONS

Ecological influenceson M aasai land use,
settlement patterns, grazing orbitsand
human wealth and welfare

Theproject evaluated Maasai land use pat-
ternsin northen Tanzaniaand southern Kenya.

In Tanzania, the Ngorongoro ConservationArea

isadramatic and diverse ecosystem. Elevation

rangesfrom~1500to over 3000 m; rainfall ranges
from 400 mmto ~1000 mm per annum, and veg-
etation from shortgrassplainsto highland forest,
with intervening savanna and woodland. The

Loliondo Game ConsarvationAreaisonly dightly

lessdramaticinlandscapeand equally diversein

vegetation. Weexplored how mgor variationsin
landscape and vegetation influenced human ac-

tivitiesand the pastoral economy (Lynn 2000).

NCA and LGCA Maasal classify theseecosys-

temsin eevationa terminology (lowlands, mid-

landsand highlands). Thelr classification encom-

passes numerous ecological characteristicsand
isnot dwayscondstent withelevation. Butingen-
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erd, lowlandsrefersto the shortgrassplainsand
adjacent woodlands and savannas at lower el-
evations; midlands arethe mid-grasses, savan-
nasand woodlandsoccurring on dopesand hills
abovetheplans, and highlandsincludethehigh-
land forests and high elevation grasslands
(Potkanski, 1994 also noted this indigenous
classification). Wefound no significant relation-
ships between these ecol ogical zonesand live-
stock holdings, either intermsof herd sizesor
human:livestock ratios. However, thereweresig-
nificant differencesamong eco-zonesin extent of
cultivation. For LGCA and NCA, cultivationar-
easwerelargestinthemidlands (0.41 acres/per-
son), smallestinthelowlands (.07 acres/person)
andintermediatein highlands (0.17 acres/person).
Cultivationisrareinthelowlands(too arid), and
difficultinthehighlandsdueto cold temperatures
and sometimesexcessiverainfdl. Partsof themid-
lands ecozone are excellent for farming. Thus,
ecozonesdid influence human accessto crop cul-
tivation and presumably food security, but thiswas
offset to someextent by familieshaving farmsin
midland zones, whilethelr main bomawaslocated
elsawhere.

Ecozone asoinfluences pastoral movement
distances. Househol dsinhabiting lowlandstrav-
eled thelongest total distance during the year;
householdsin the highlandstheleast. Midland
househol ds mimicked the shorter highland pat-
ternsduring thewet season, but undertook longer
distance movements (likethelowland pattern)
during thedry season (Lynn 2000).

Three settlement patternswerefound among
Maasai households. Householdsthat have one
permanent bomaand useonegrazing areadl year
weredesignated TypeA; TypeB householdsaso
had asingle permanent boma, but livestock graz-
ing and watering locations were changed on a
seasonal basis. Those households with both a
permanent boma and one or more temporary
bomaswherelivestock weretaken on aseasona
basiswere designated TypeC.

Type C settlement patternswere prevalent
in highland areas of the NCA where they ac-
counted for 90% of dl sampled households. Type
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C settlementswerelessprevaentinthe LGCA
wherethey accounted for 36% of sampled house-
holds. Type C househol dstended to be typical
transhumant pastordigts, makingasinglelongdis-
tance move between dry season and wet season
grazingaress. Thisgtrategy required asnglelong-
distance movement each year, but becausedaily
movementsaround the bomaswererather short,
overdl annud travel distancesaveragedjust over
3000 kmyr.

Type B households, with asingle permanent
boma, but showing seasonal changesin grazing
areasaround that boma, weremost prevalentin
lowland and midland areaswherethey comprised
85% of households; the majority of LGCA
pastoralists utilized this settlement pattern. Al-
though no long distance migratory movestook
placefor thesehouseholds, daly travel distances
werelengthy, generating thelongest annud travel
distancesof 4158 km/yr. TypeA settlement pat-
ternswere rare and distributed evenly among
ecozones. Annual travel distancesfor thesehouse-
holdswas 2800 km/yr.

These comparisonsdemonstrate that varia-
tions in landscape and ecology promote dif-
ferent settlement and land use patterns among
Maasal pastoraists. Itislikely that thetranshu-
mant (Type C) settlement/movement patternswith
long-distance seasonal migrationsaremost vul-
nerableto consgtraintswhich disrupt thesemigra:
tions Thisisprecisay theproblembefalingNCA
pastoralistsdueto policy-based restrictionson
grazing and wildlife usurpation of lowland plains
habitats. By contrast, theless extensive move-
ment patternsof TypeA or B householdsmay be
lessvulnerableto theseand other restrictionson
long distance movements; thesearelikely to be
undertaken only during times of stresssuch as
intengvedroughts. Theseresultsshow how land-
scape and land useinteract in pastoral resource
exploitation strategies, and how settlement or
movement restrictionsmay have quitedifferent
consequencesindifferent physica and ecologica
Settings.

GL-CRSPresearchintheAmboseli ecosys-
tem, Kgjiado, Kenyaisexamining pastoralist land

£W2 Global Livestock CRSP, IMAS Report. 2001

use patternsin relation to theinfluence of devel-
opment and economic divergfication (BurnSilver,
in progress). Six study areas have been chosen
for thestudy. Thesefdl withinfour Maasal Group
Ranches. Mbirikani, Olgulului/Lolarashi,
Esdengel, and Oslde. Aswell asfalingaonga
climatic/vegetation gradient, thestudy areasrep-
resent arange of land tenuretypes, level sof mar-
ket accessand available combinationsof resource/
economicinfrastructure- al variablesthat affect
the land use strategies pursued by pastoralists
within the wider Amboseli ecosystem. These
group ranchesasoformaring around Amboseli
National Park, and as such, contain the seasonal
digpersal areasfor much of theregion’swildlife.
A general settlement survey of all bomas
(Maasai compounds) withinthesix study areas
was carried out in order to identify Maasai land
usepatterns. Table4.14 illugtratesthe broad range
of land use patterns of Maasai producersacross
thestudy areas. Theseresultsrepresent land use
at the scaleof the settlement. Thetypeand pres-
ence or absence of water resourcesisclearly a
deciding factor intheland use and economic de-
cisionstaken by pastoraistsinthisarea. Fully,
79.9% of dl settlementsareengagedin someform
of agriculture; however, thetype of agriculture
rangesfromrainfed (inOslale and Esdengel ar-
eas and the rainfed slopes of Kilimanjaro at
Loitokitok.) to swamp-based irrigation (in the
Southern Mbirikani study area). The number of
householdsinthe Osilalel and Eselengei study
areaswhich are carrying out rainfed agriculture
illustratesthat at the high end of the precipitation
gradient, agriculturecurrently isconsideredtobe
aworthwhileeconomic diversification Strategy by
pastordigts. However, eveninareaswith insuffi-
cientlevelsof precipitationfor rainfed agriculture,
pastoralistsaretaking stepsto guarantee them-
selvesaccessto agricultural resources. Column
oneof Table4.14 indicatesthat some pastoralists
inparticular areas(primarily Northern Mbirikani
and Meshenani Ridge) areusing a“two-boma
system”, inwhich householdsare splitinto mul-
tiplefunctioning unitsthat straddle both an agri-
culturd area(e.g., theswampsor Loitokitok) and
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adry pastord area(e.g., N. Mbirikani, Lengism
and Meshenani). This strategy of spatial eco-
nomicdivergficationisaninteresting phenomenon,
andit remainsto be seenif particular labor and
capital requirements are necessary in order to
makethe strategy possiblefor individua house-
holds.

Table4.14 alsoillustratesthat asignificant
proportion of pastoral households across the
Ambosdli sudy zonearetaking partinsomeform
of employment and/or businessactivities. Busi-
nessactivitiesrangefrom grain grinding, small
shops, and cattletrading to buying and selling of
vegetablesand other commaodities. Employment
activitiesare centered around two mgor typesof
activities: work in Nairobi/Malindi , and/or em-
ployment linked withthewildlifeand tourism sec-
tor. Preliminary analysesindicatethat up to 55%
of all employment acrossthesix study areasis
linked withwildlifeand/or tourism.

Livestock and wildlifeabundanceand
distribution inrelation to human land
use; Kajiado/Kiboko

Land useand livestock

Theeffectsof different land use patternsin
relationtolivestock holding wasinvestigated in
and around the Kiboko Range Research Station
by Mworiaand Kinyamario (2000). Thisstudy
included alivestock survey and assessment of
herd mobility in the 1998/99 drought. The data
presented hereisfrom a survey of 169 house-
holdsof which 126 arein Kiboko Group Ranch
(KGR), therest inthe small-scalemixed farmsof
Muuni and Kiboko. The entire KGR was sur-
veyed. Data for the small-scale ranches of
Olkarkar and somesmall-scalemixedfarmsare
still being processed.

The settlements of Muuni and Kiboko are
occupied by the Akambatribewho are prima-
rily agriculturists. Theaverageland size (Table
4.15) inthesettlement schemeisrather small given
that thisasemi-arid zone (IV —V). Muuni and
Kiboko settlement schemes have average land

Land usetypes

Livestock Livestock Livestock
Two bomas Business Livestock Irr.agric. Agric.
Employment Rain agric. Bus./ Employ. Bus./ Employ.
Livestock Livestock
Study Livestock Livestock Agric. Rain agric. Total
areas only Irr.agric. (Loitokitok) Bus. / Employ. bomas

Osilalei ) ) @ ®3) (77 (0 2 ) )
0.0 0.0 0.0 443 542 0 14 0.0 0.0 142

Eselengei ©) (1) Q) @ @14 (O ©) 19 @
6.4 2.1 10.6 85 29.8 0.0 6.38 4042 21 47

Lengisim (4) @ 15 @ (1) 1) 2 (4) )
154 24 5769 39 39 3.9 7.7 154 0.0 26

Meshenani  (12)  (24)  (7) (4) 0) @) ) (1) )
2790 588 1628 9.30 0.0 4.7 0.0 2.3 116 43

M birikani (40) D (20) (@) (D) 5) (33) (@) (©))
North 56.3 14 282 563 14 7.0 46.5 5.63 4.2 71

M birikani (29) (@) (@] (43) (0)] 2 (36) (0)) (1)
South 211 4.4 4.4 49.8 0.0 2.2 40.0 0.0 11 90

Table4.14. Land usetypesacrossthestudy zones. * Thefirst number in each cell (in parentheses)
denotes number of bomaswith specified land usetype (column); the second number denotesthe
percent of respondentswithin that study area(row) using that land usetype.
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Kiboko Group Kiboko Muuni
Averages Ranch Settlement Settlement
Households
Cattle 42 6 3
Goats 37 15 9
Sheep 30 2 2
Donkeys 3 0 0
Chicken 2 10 9
People 9.6 9.9 7.6
Men 18 2.6 0.9
Women 21 2 1.2
Children 51 5.2 54
Areas (acres)
Farm size - 6.3 7.9
Cropped area 1.8 34 4.3
Livestock area -- 297 39

Table4.15. Theaverage parameterson the household, herd and land use.

sizesof 7.9 and 6.3 acres, respectively with both
schemesallocating an average of 54%to farm-
ing. Thestocking ratesare0.16 ha'TLU and 0.41
ha/TLU for Kiboko and Muuni settlement
schemes, respectively (where 1 TLU =250 kg
liveweight). INKGR, itis2.6 ha/TLU and 39 ha/
TLU inKiboko RangeResearch Station (KRRS).
Most farmersin the settlement schemesrely on
theKRRSfor grazing either illegaly or by paying
agrazingfeetothegation. INKGR, thetotal num-
ber of cattle has declined by 32% sincethelast
censusof 1988 (see Table4.16). Thenumber of
sheep and goats has, however, increased by 23%
(from 69200 8529). The population of cattleis
now similar to that of theearly 1970s. Thisde-
cline could probably be dueto the harsh 1993/
94 drought and declinein vegetationa status. The
low numbersin 1977 weredueto the devastating
drought of 1975/76.

Distribution of cattle among householdsin
KGR indicatesawideinequality in ownership
despitebeingacommund ranch. Householdswith
herds of 0-20 cattle compose 44% of the total
householdsand own only 13% of thetotal cattle
population (Table4.17). However, itisnoted that
the wealthier households usually have more
people.

Animportant changeinlanduseinKGRis
theincreasein cultivation with 96% of the house-
holdsnow practicing farming (no previousdatais
available for comparison). Farming by the
pastoralistsison small patchesof 1-2 acreseven
though there are no limitationsto the extent to
which onecanexpand hisfarm. After theEl Nifio
rainsof early 1998, rainsinthestudy areaeither
totally failed in some areas or were very poor.
Farmersin Kiboko and Muuni madeno harvests
in December 1998 (short rains) and May 1999

Y ear
Ranch 1968 1971 1972 1973 1974 1977 19088 1999
KGR 3475 5263 5307 7208 1915 7709 5257
Mereushi 3480 -- -- 6415 -- -- 7970 --
Olkarkar 3428 5851 -- 5893 2373 7647 BP

Table4.16. Total cattlenumbersin theranchesbeing studied with exception of Mbirikani. Census
of livestock in thisstudy wasdonein KGR and Olkarkar only. BP=Being processed.
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Households Animals
Herd size (%) (%)
0-20 44 13
20-40 26 18
> 40 29 68

Table 4.17. Digribution of livestock among
householdsin Kiboko group ranch.

(long rains). Consequently, the farmersrelied
heavily on food aid distributed by NGOs and
government agencies. Thisprobably indicatesthat
thelivestock herds’household areinsufficient to
fall back on.

In the grazing lands of KGR, Olkarkar,
Merueshi, Chyulu, and KRRS there was high
grasshiomassfollowing the El Nifiorains. How-
ever, after thefailureof theshort rainsin Decem-
ber 1998, fires consumed approximately 60% of
KRRSand Northern Chyulu. Brief rainsinApril
1999 led to somereplenishment. Fireswererare
in KGR and other ranchesdueto high livestock
utilization and weeds. By May 1999, pastordists
had started to move livestock out of Merueshi
and Olkarkar to KGR, mainly to utilize KRRS
and Chyulu. By August, theranchesof Olkarkar
and Merueshi wereliterally deserted savefor a
few donkeysand shoats. By thistime, standing
crop averaged 74 g in Olkarkar and 80gmin
Merueshi and KGR, whilein Chyuluand KRRS
itwas221 gand 189 g respectively (g/ 0.5 m?).
Itisinteresting to note that semi-nomadism has
remained unchangedintimesof drought, despite
sub-division and increased settlement. A similar
pattern of livestock movement wasnoted inthe
1968/70 drought (Halderman, 1972). In the
1993/94 drought, dightly over 10,000 cattlewere
using KRRS (source: KRRSfarm records) from
KGR, Merueshi, Olkarkar and M buko.

In the 1998/99 drought, animal movement
was assessed in November/December using a
guestionnaireinthe householdsof KGR, Muuni
and Kiboko settlements, and Olkarkar. There-
sultsof KGR arepresented in Table 4.18.

From theresults, only about half the house-
holdswith less 0-20 animalsmoved while 97%
of the households with over 40 cattle moved.
Movement of animalsisalabor-intensive ac-
tivity and hence expensive. Thus, thewealthier
households appear to be better suited for this
drought response. Generdly out of thetota num-
ber of animalsper unit, 88%, 72%, and 30% were
moved from KGR, Muuni, and Kiboko, respec-
tively.

Wildlifedigtribution

Wildlifewascounted basedal X 1 kmgrid.
Thiswasdonewith theaid of aGPS, 1:50,000
topographicmaponaUTM grid, binocularsand
a4WD vehicle. Thefollowing information was
takenineachgridcdl:

1. wildlifetypeand number;

2. water source-seasond pools springg/rivers,

3. livestock numbers-cattle, goats, sheep and
donkeys;

4. bomas’householdsand the number of
manyattas’houses per each;

5. treecover - riverineforest, bush thicket

(> 80% cover), dense bush (60-80), bushed

grassland (30-60) and open grassand

(< 30%); and
6. herbaceouscover-bare (< 20%), low cover

(20-50), medium cover (50-80), high cover

(> 80%).

Not all of the data collected has been processed
and only data of Olkarkar, Merueshi, and
Mbirikani isconddered. Statistical anaysishave
not yet to be conducted.

Households Households Total animals
Herd size (n) moved (%) moved (n)
0-20 56 52 394
20- 40 33 82 823
> 40 37 97 3441

Table4.18. Livestock movement from KGR inresponseto drought.
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Block size

Averagedensity Average livestock

Average wildlife

Area (km?) (bomas/ km? (number / knv) (number / km?)
Mbirikani 83 0.16 4.22 7.26
Merueshi 45 0.40 12.30 5.00
Olkarkar 104 0.63 14.40 1.63

Table4.19. Anima and household dengity of thesampling aress.

Wildlifedengty isinversaly reatedtolivestock
density (Table4.19). Thus Olkarkar, which has
thelowest wildlifedengty, had thehighest density
of bomasand livestock. Olkarkar wasamongthe
first group ranchesto be sub-divided. Eventhough
Mereushi issub-divided, themodeof utilization
islesssedentary than Olkarkar. Mbirikani Group
Ranchisutilized almost entirely on asemi-no-
madic modewithvery few permanent settlements.
Thedataa so showed that Olkarkar had theleast
herbaceous cover of 20-40%, while M erueshi
and Mbirikani had 40-60% cover. Cultivationis
asohighestin Olkarkar. Thesetwo factorsprob-
ably a'so contributeto thelow wildlife density
(Table4.20). Bomeas, livestock, and wildlifeare
al morecommoninopengrasdandsthaninbrushy
areas(Table4.21).

It would appear that most bomas and live-
stock were situated very near water sources
(Table4.22). However, it should be considered

that datawere collected in the wet season when
seasonal pools, which were also counted aswa-
ter sources, areplentiful. Further, duringthistime
grassisabundant and thereisno needto graze
far away from these sources of water. Neverthe-
less, thereisahigher density of bomas/house-
holds near permanent water sources, towns, and
roads, especidly in Olkarkar. Wildlife, ontheother
hand, wasfound furthest from water sources, es-
pecidly inMbirikani.

L and use effects on vegetation and soils
Theimpactsof different modesof humanland
use upon the ecosystem were assessed inthere-
gioninand around the Kiboko Range Research
Station. Thisstudy was conducted to assessthe
differencesin vegetation structure, composition,
production, and associated soil physical and hy-
drologic status asinfluenced by land use, man-
agement gpproach, and grazing pressure. Theland

Grant’s Thomson’s
Area Gazelle Impala  Kongoni  Wildebeest Zebra Gazdlle
Mbirikani 0.17 0.10 1.40 1.52 3.6 0.41
Merueshi 0.5 0.10 0 0.7 3.0 0.3
Olkarkar 0.7 0 0 0.2 0.3 04
Table4.20. Digributionof themainwildlifespeciesinthestudy area.

Vegetation type Bomas (%) Livestock (%) Wildlife (%)

Bush thicket 16 0.6 1.6

Bushed grassland 25 30 28.1

Open grassland 56 66 82.1

Table4.21. Didgtributionof bomas, livestock and wildlifein relation to vegetation type.

Distance from water Bomas (%)  Livestock (%) Wildlife (%)
0 -1.0km 64 41 38.6
1.0-3.0km 26 59 61.4
> 3.0km 10 0 195

Table4.22. Distribution of bomas, livestock and wildlifein relation to distance from water sources.
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use patterns studied weregroup ranches(2), con-
servation areas(2), small-scaleranches(6), and
small-scale mixed farms (4), (Mworia and
Kinyamario 2000).

Herbaceous standing crop was determined
by clipping 10 samples per site to a 2 cm-
stubble height using a0.5 nv* rectangular quad-
rant. Clipping wasdone by speciesand litter col-
lected. Herbaceous cover wasdetermined by the
lineintercept method. Replicated 10 mtransects
were used at each site. Soil |oss status was as-
sessed qualitatively at each Steand quantitatively
at selected sites. Qualitative classification was
based on a scale of oneto five, with classone
showing no signsof erosion and classfivevery
severeeros onwith exposed sub-soil and gullies.
Quantitative estimateshave not beenusedinthis
report because data on runoff plotsisnot com-
plete. Soil moisturewas determined by thegravi-
metric method. Research was carried out on
Kiboko Group Ranch, Olkarkar small scale
ranches, Muuni settlement scheme, and Kiboko
settlement, dl of which border Kiboko Research
Station. Selection of study siteswithinthe study

areawaseffected to capturevariationinthefol -
lowing aspects:

Management approach: That is, assessthemain
typesof management.

Vegetation/soil types. Systematic sampling us-
ing asoil/vegetation base map was used to cap-
turethemaintypes.

Utilizationgradient: Theintensity of grazingin
most of the grazing land was noted to vary
radialy from heavy utilization such aspermanent
watering points, that is, apiosphere effect.

Indl thesampling Sites(Table4.23), two sets
of datawere collected. Thefirstison environ-
mental variables and the second on vegetation
variables. To andyzethe data, Canonical Corre-
laionAndyss(CCA), a multivariatemethod thet
combinesordinationwithmultipleregresson, was
applied. Datawas analyzed using the software
PC-ORD.

Correlations of the assessed environmental
variablesare presentedin Table 4.24. Distance
towater isstrongly correlated to dtitude because
most water sources are along the Kiboko River
andtheadjacent plains, which areat low dtitudes.
Erosionisnot strongly correlatedtorainfal indi-

Selection criteria

Site attributes

Number

Management type

Group ranch

2

Small scale individua ranches 6
Small scale mixed farms 4
Conservation areas 2

Utilization gradient Sites located < 0.5 km to water 10
Sites located 0.5 - 4.0 km to water 10
Siteslocated > 4.0 km to water 15
V egetation and soil type Sails
Ferrous soils 17
Volcanic soils 18
V egetation
Grassland 10
Bushed grassland 11
Bush thicket 12
Riverine 2

Table4.23. Sitesselected to examineland use effects on vegetation and soils.
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Water distance 1.00

Altitude .629 1.00
Erosion -374 -29 1.00
Rainfall -424 -184 011 1.00
Livestock 038 -152 .05 .052
Soil N -178 -267 -211 .13
Sail P -011 -051 -.017 .343
Soil moist 5 160 343 -231 -.209
Soil moist 30 -033 -058 .204 -316
Soil moist 60 185 428 -254 -.385
WD Alt Eros Rain

1.00

.644  1.00

336 352 1.00

-137 -072 214 1.00

-053 -173 .086 571 1.00

-101 -049 157 871 613 1.00
Live N P SM5 SM30 SM60

Key: Water distance, WD= Distanceto water; Alt = Altitude; Eros= Erosion; Rainall, Rain = Long term average
rainfall; Livestock, Live = Livestock density; N = Soil nitrogen; P = Soil phosphorous; Soil moist 5, SM5 = Soil
moisture at 5cm; Soil moist 30, SM30 = Soil moisture at 30cm; Soil moist 60, SM60 = Soil moisture at 60cm.

Table4.24. Corrdation coefficientsof the 10 environmental variables.

cating that factorsthat contributeto erosioninthe
areaarearesult of land use practices. Sail nitro-
gen and phosphorous positively correlated to
grazing intensity. Soil N wasfound to be highest
inareasof highlivestock dengity. Grazing inten-
Sty isnegatively correlated with soil moistureat
al levels. Thisisprobably dueto the effects of
livestock trampling on soil physical characteris-
ticsand the grazing effects on cover and biom-
ass. Soil moistureat 5 and 60 cm arepositively
correlated to dtitude, areflection of higher cover,
and morerainfall and distance from permanent
water points.

Factorsrelated to herbaceous standing crop
areseeninTable4.25. Thefirst, second, and third
axeshavehigh eigenvaluesof 0.775, 0.640 and

AXiS

Variable 1 2 3

Water distance 334 416 199
Altitude -102 365 .088
Erosion -508 -.333 -.561
Rain average 319 189 -.418
Livestock density -.457 -.144 011
Soil N -246 -236 .161
Soil P .058 .160 .037
Soil moist5cm -.708 .317 421
Soil moist30cm -.686 -.004 .368
Soil moist60cm -.633 .037 534

Table4.25. Interset correl ation coeffecientsof
10 environmentd variableswith species
biomassaxis.
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0.456, respectively. Themgjor determinant of the
first axisissoil moistureat 5cm (-0.708). Other
than soil moistureat thethree depths, erosonleve
and livestock density are strongly correlated to
thefirst axis. Thedistancetowater largely deter-
minesthe second axiswith altitude being corre-
lated. Soil erosion hasthehighest correlation (-
0.561) tothethird axis, with soil moistureand the
averageranfal beingimportant.

Speciesand sitesto environmental biplotsfor
herbaceoushiomassareshownin Figures4.2 and
4.3. A number of groupsof speciesand Steshave
been ordinated based on their correlation with
environmenta variablesand land useimpacts(Fig-
ure4.2and4.3). Thegroupsarediscussed briefly.
Specieswhosehiomassisstrongly associated with
high“distanceto water,” low livestock density
(livestock density decreasesin the direction of
thearrow becauseit isexpressed in hectares per
stock unit) and low levelsof erosonareshownin
theupper right corner of the speciesbiplot (Fig-
ure4.2). Thisgroup of speciesisordinated chiefly
on the second axis. They include Themeda
triandra, Chyrosopogon aucheri, Eragrostis
superba and others. Sites associated with this
group aremainly theconservation areasof Chyulu
and thewestern section of Mbirikani Group Ranch
(Figure4.3).

The second group of speciesisinthe upper
left corner of the speciesbiplot (Figure4.2) and
isordinated mainly along thefirst axis. The spe-
cies include Pennisteum mezianum and
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Cynodon dactylon. Thesitesare associated with
high soil moisture, low levelsof erosonand high
livestock density (Figure4.3). Thesesitescanbe
classified asbushed grasslandsthat are heavily
used. A third group of speciesand Sitesare asso-
ciated with high erosion. The speciesare shown
inthelower left quadrant of the ordination. The
sitesare closeto water sources, eroded and low
s0il moisturewith high biomassof weeds, mainly
Heliotriopiumsteuderi and Blepharislinifloris,
and the grasses Enteropogon macrostachyus
and Eragrostis caesipitosa.

Thelast group of speciesisclustered around
the centroid. These speciesare generalistswith
biomassfairly distributed among thesites. These
include Digitaria macroblephera, the dominant
speciesinthestudy area.

It can be concluded that herbaceous stand-
ing crop inthe prolonged dry season inthe study
areawasgeneraly determined by soil moistureat
5 cm depth, distance to watering points, and the
level of erosion. Theordination did not separate
clear management groups, however, herbaceous
biomassand diversity werehighest inStesdistant
fromwater and low livestock dengity. Thesewere
mainly inthe conservation areasof Chyulu Park.
Small-scaleranches (threeout of five) wereas-
sociated with erosion and high weed biomass.
Kiboko Group Ranch, inwhich the pastoralists
arelargely sedentary, was al so associated with
erosion and low soil moisture. The density of
herbs, shrubs and trees appearsto be animpor-
tant factor in the distribution of herbaceousbio-
mass.

Factors related to herbaceous cover are
showninTable4.26. Thefirst, second, and third
canonical axeshaveeigenvaluesof 0.390, 0.185
and 0.132, respectively. The major determinant
of thefirst axisis soil moisture at 60 cm, with
atitude and soil moistureat 5 cm being corre-
lated. The second axisisdetermined chiefly by
soil nitrogenwith distanceto water and livestock
dengity being correl ated. Axisthreeisdetermined
by average rainfall with soil moisture and soil
phosphorousbe ngimportant. Thus, fromthecur-
rent dataset it would appear that soil moisture,
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AXis

Variable 1 2 3

Water distance -296 481 -.085
Altitude -656 496 -.088
Erosion -071 -340 -.140
Rain average 542 -.008 -.444
Livestock density .328 415 .030
Soil N 197  -515  .220
Soil P 127 -.061 -.233
Soil moist 5cm -644 -077 -.291
Soil moist30cm -.385 -.227 .038
Soil moist60cm  -.732 -.138 -.090

Table4.26. Theinterset corrdation coeffecients
of the 10 environmental variableswith spe-
ciescover.

fertility and averagerainfal arethekey determi-
nantsof cover withlivestock density and dtitude
being associated. Soil moisture at 60 cmisan
important variablebecauseit could reflect the hy-
drologic status of asite. Sitesand speciesto en-
vironmenta biplotsareshownonFgures4.4 and
4.5, respectively.

Grouping of speciesand sitesasaresult of
their correlationsto environment variablesand
superimposed land useimpacts can beinferred
from the speciesto environment biplot. Inthe
upper right corner of the specieshbiplot (Figure
4.5) agroup of speciesthat includes Themeda
triandra, Bothriochloa insculpta,
Chyrosopogon aucheri, etc., are ordinated,
principaly dongthefirst axis. Low soil moisture
and highdtitudecharacterizethese gites; they are
aso associated with high “ distance-to-water” and
low livestock density (Figure4.4). Thesitesare
located mainly intheconservation unitsof Chyulu
and Kiboko Research Station. Inthelower right
corner, sitesare characterized by high nitrogen
andlow soil moisture. Sitesordinated inthisgroup
aremainly in Kiboko Group Ranch wherethey
arelocated closeto permanent watering points.
Alsoordinated inthisgroup aresmall-scalemixed
farms(Figure4.4). Thesiteshaveahigh propor-
tion of bareground. Hermannia ulhligii isim-
portant inthesesiteswhile Chlorisroxburghiana
isthemain grassassociated withthesites. Inthe
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