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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,

Executive Summary viii



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
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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.
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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.

Chapter 2 17



£¥2 Global Livestock CRSP, IMAS Report. 2001

18



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-

Chapter 3 19



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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Chapter 4

Ecosystem Interactions. Implications for
Human Welfare and Wildlife Conservation

Jm Ellis, Stacy Lynn, John Mworia, Jenesio Kinyamario,
Shauna BurnSilver, M.S. Maskini, R. Kidunda, Robin S. Reid,
Mike Rainy, Angello J. Mwilawa, and Victor A. Runyoro

INTRODUCTION

ThisGL-CRSP Project hasfocused ontwo
East African ecosystems, both of which sup-
port extensive Maasai pastoral-livestock sys-
temsand areimportant centers of wildlife con-
servation. Theseare Ngorongoro Conservation
Area(NCA) Tanzaniaand theAmbosdli ecosys-
tem, centered onAmbosdli National Park (ANP),
Kenya. Both areasare experiencing serious con-
flictsbetween wildlife conservation and human
economicactivities. Thischapter reviewsresearch
resultsandinformation synthessaimed at (1) iden-
tifyinginteractionsamong ecosystem components,
and (2) clarifying causesand potential solutions
for the observed conflicts.

InNgorongoro, migratory wildlifepopulations
travel between NCA and Serengeti National
Park, and compete directly with NCA M aasai
domesticlivestock for spaceand forage. Human
welfare, economic status and food security have
been declining for decadesin NCA and poverty
among theMaasai hasreached unacceptablelev-
els(McCabeet a. 1989, Potkanski 1994, Gavin
et a. 2000, Lynn 2000, Nordeco 2000). M aasai
fromother regionsin northern Tanzaniaand south-
ern Kenyaare better off economically than NCA
Maasai (Bekureet al. 1993, Galvinet al. 1999,
Lynn 2000, Galvin and BurnSilver, in progress,
BurnSilver in progress). GL-CRSPresearch on
the NCA ecosystem hasinvestigated the causes
and effectsof wildlife-human conflictsaswell as
the root causes of increasing poverty among
Maasai. We have smulated the potential effects
of changesin policy or populationsonwildlife,
human pastoralists and land use patterns with
NCA-Savanna (Boone et a. 2000). Research
onthesituationinAmbosdli isstill underway, but
demonstratesthe opposite sort of problemasin
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NCA. InAmbosdi, economic development, land
use change and loss of wildlife habitat threaten
thosewildlife populationsthat historically have
moved into and out of ANPseasonally. Asare-
sult, wildlife populationsinthe greater Amboseli
ecosystem aredeclining precipitoudy (Rainy and
Worden 1997, deLeeuw et al. 1998), whilehu-
man populations are expanding, and economic
activitiesareintensfyingand displacingwildlife.

HERBIVORE-VEGETATION
INTERACTIONS: NGORONGORO
CONSERVATIONAREA

Maasal livestock areexcluded fromthe short-
grassplainsof theNCA through spatial competi-
tion with Serengeti wildebeest (see disease-me-
diated populationinteractions, below). Thisraises
the question of the adequacy of forage quantity
and qudity for livestock and level sof forage utili-
zation on theremaining pastures of NCA. GL-

CRSPresearch explored forage quality, quantity,

distributionand utilizationintheNCA (Maskini

and Kidunda 2000, Mwilawa 2000).

Spatial and temporal grazing patter nsof
livestock and wild herbivores, NCA

The objective of this study (Maskini and
Kidunda 2000) was to investigate and quan-
tify variables that affect the distribution pat-
ternsand pasture utilization of herbivores. Itis
asoamedat producing spatid and tempora graz-
ing patternsof livestock and wild herbivoresus-
ing habitat characteristics. Range conditionand
trend rating were assessed with the aim of 100k-
ing for theinteractionsbrought about by livestock
and wild herbivores. The study was conducted at
Ngorongoro ConservationArea. Theareaischar-
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acterized by atremendousvariation of soilsin
whichthereisan east to west catenary sequence
(Kidundaet al. 1998) of deep, dark, heavy tex-
tured soilsonthenortheast to gray, dusty alkaine
soilson the southwest. Three sites selected for
sampling wereidentified randomly out of Sx eco-
logical zones. Thefirst site was Ngor ongor o
Crater, which covers an area of 250 km? of
which 200 km? comprisesthe floor and 50 km?
the steep sloping walls with a gradient of 45-
70° (Herlocker and Dirschl 1972). Drainageis
internd, and terminatesinalarge sodalake (Lake
Makat) and a series of permanent and seasonal
swampsthat are interconnected with the lake.
Rainfall at Ngorongoro Meteorological Station
averaged 800 mm (Dirschl 1966). Short and me-
dium grasdandsmostly occupy the calderafloor.
Penni setum-Andropogon grassland isfound on
black cotton soil, whichishighin sodium salts
and poorly drained. M alanja depr ession was
the second site. It lieson the areanorth of and
adjacent to the crater along theway to Serengeti
Nationd Park. It belongsto theshort grassplains
zone, whichisaplateau and lowland grassland
that coversthewestern part of NCA including
the Eastern Serengeti plains. Important species
include Soorobol us, Andropogon, Pennisetum,
Cynodon and Themeda. The central part of the
floor of the depression becomeswaterloggedin
thewet season. Thelast sitewasEsilwainthe
Endulen—Kakesowoodlands. Eslwaistypi-
cal of wooded grasslands covering theareabe-
tween LakeEyas andthe Endulen-Kakeso area.
Species include: Themeda, Hyparrhenia,
Solanum, Commiphora, Acacia, etc. (Thomp-
son 1997).

Forageyield and chemical composition
Oneaspect of thisstudy dedlt with spatia dis-
tributionsof grazing pressureby domesticandwild
herbivores. Thefirst dataset wastakenin Janu-
ary 1999. Forageyield and percentage utiliza-
tion were estimated using aquadrant of 0.25 m?
and acage of the same area, but two feet high.
Ten quadrantsper kilometer transect weretaken,
thusmeaking atota of forty samplesfor thecrater
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and thirty for Malanjaand Esilwa, respectively.
Forage yield was determined as described by
Pieper (1978). Thesame sampling procedurewas
applied at Malanjadepression and Esilwa. All
samplelocationswere geo-referenced. Samples
were oven-dried at 70°C for 48 hoursto get a
constant weight. They werethen ground to pass
throughal mmseveinaChristy and Norrisham-
mer mill. After grinding, samplesweresedledin
dry jarsready for chemical analysis. Another set
of datawas collected in April, the peak of the
growing period, to determine potential produc-
tionaswell asutilization levels. Sampleswere
taken dong the sametransectsusing theprevious
GPSreadings. Plant sampleswere anayzed for
crudeprotein (CP), acid detergent fiber (ADF),
neutral detergent fiber (NDF), acid detergent lig-
nin(ADL) and ash. Tota nitrogenwasdetermined
by the Kjeldah method (AOAC, 1985). Thefi-
brous components (NDF, ADFandADL ) were
determined by the methods of Van Soest (1987).

Reaultsfor dry maiter yiddareshowninTable
4.1. Forageyieldwassignificantly higher at the
Crater and Mdanjathan Eslwa(P<0.01). Con-
versay, the CPand ash valueswere significantly
greater at Esilwa (P < 0.01) than the other two
stes(Maanjaand the Crater). However, cellu-
lose contents (ADF, ADL, and NDF) and dry
matter were significantly lower (P < 0.01) at
Esilwacompared to Malanjaand the Crater re-
spectively (Table4.2). These datademonstrate
that NPPisinversdy correlated withforagequal-
ity at NCA withthewoodland Steat Esilwasup-
porting higher quality, but lower forage produc-
tivity.

The effect of seasons (dry and wet) onfor-
age yield and quality was also tested for the
three sites (Table 4.3). Theresponse of forage
yiddwassgnificantly higher (P<0.01) inthewet
season than the dry season. Crude protein and
neutral detergent fiber weresignificantly greater
(P<0.01) inthewet season than the dry season.
acid detergent fiber, acid detergent ligninand dry
matter showed asignificant decrease during the
wet season. Ash had no significant difference (P
<0.01) for both seasons.
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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

Chapter 4 29



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
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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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lower left corner, Stesareordinated mainly aong
thesecond axis; that is, they have high soil nitro-
genand livestock dengity, but unliketheprevious
group, they areassociated with high soil moisture
(Figure4.4). Important grass speciesinterms of
cover that are associated with these sites are
Pennisteum mezianum and Enteropogon
macrostachys (Figure 4.5). Sitesordinated are
mainly inthe small-scaleranchesof Olkarkar and
Merueshi. Sitescharacterized by low rainfal and
associated with great distance from water are
showninafinal group intheleft upper corner.
These consist mainly of sitesin Mbirikani and
Kiboko Group Ranch. Important species
ordinated in this group are Pennisteum

stulmanii, Sporobolusfimbriatus and Cynodon
plectoschyum (Figure4.5).

Inconclusion, ordination of Sitesinrespect to
cover produced arelatively distinct grouping of
sites under similar management. Small scale
ranches of Olkarkar and M eruseshi were associ-
ated with high soil nitrogen, high livestock density
and was dominated by Pennisteummezianum.
Sitesintheconservation areasof Chyulureserve
and Kiboko Station were associated with low
stocking density and great distance-to-water,
whilestesinKiboko Group Ranchandsmdl scde
mixed farmswere associated with high nitrogen,
low soil moisture, and high percentage of bare
ground.
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Chapter 5

Spatial Databases and Analysesin an Integrated
Assessment of East African Land Management

Robin S. Reid and Randall B. Boone

INTRODUCTION

Spatial layers and analyses conducted us-
ing Geographic Information Systems (GIS) are
becoming indispensablein understanding pro-
cesses at landscape and larger spatial scales.
Advancesin spatial software design and are-
ductioninitscost have gone hand-in-hand with
calls from ecologists for more work at land-
scape and regional scales (Kareiva and
Andersen 1988; Brown 1995). Broader scale
gpatial and temporal questions may be ad-
dressed using GIS analyses. In addition, eco-
logical relationshipsat local scalesmay be ex-
trapolated in rigorous ways to broader spatial
scalesincreasing the return on investments of
resourcesfor research. Lastly, remotely sensed
gpatial layers, such assatelliteimages, can pro-
videdataacrosslargeregionsthat are collected
using consistent methods which are inexpen-
sive and updated frequently.

We (the GL-CRSP IMAS team) sought to
compilegpatia dataand conduct analysesas part
of the GL-CRSP Integrated Management and
Assessment System. The information gath-
ered supported spatial analysesoutlinedinthis
chapter, aswell as ecosystem modeling using
the SAVANNA model, described in Chapter
7, the socioeconomic modeling in Chapter 8,
and wildlife and livestock disease description
and modeling described in Chapter 9.

SPATIAL LAYERSCREATED OR
COMPILED

Region
Landsat TM Data

M. Kalkhan coordinated the purchase of
three Landsat Thematic Mapper images from
1991 and 1993 for use in vegetation mapping
in the Serengeti Ecosystem. An additional
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1993 image of central Kgjiado District, and a
portion of animagefor northern Kgjiado, were
also purchased. These images were coarsely
georectified and merged by the I-Cubed Cor-
poration (Fort Collins, Colorado, USA), then
merged into our spatial database. Cooperation
with D. Reed of the State University of New
York recently added another set of Landsat TM
scenes of the Serengeti to our spatial database.

NDVI Images and Viewer

We have compiled and georectified alarge
collection of Normalized Difference Vegeta-
tion Indices (NDVI) which are spatial layers
based upon weather satellite images, and de-
pict vegetation biomassand vigor (Figure5.2).
We had three resolutions (i.e., the size of the
cells in the grid comprising the geographic
layer) and three sourcesof NDV I layersavail-
able to us. The highest resolution available,
with cells 1 km on aside, were from the Glo-
bal Land 1-km AVHRR Program (USGS
1998). These data were available for the en-
tireworld from 1992 to 1996, with many miss-
ing periods, including all of 1994. Theimages
were provided in a dekadal format, meaning
that images were available every 10 days, for
atotal of 36 images throughout the year. We
gathered these images from the source sited,
then selected from them the area covering
Kenya, Uganda, and Tanzania. Although
highly resolute, these data are variable, so we
created average responses for the dekadal im-
agesover the period they were available (1992-
1996), and used them in analyses.

A second set of NDV I images had beenre-
ceived by M. Coughenour from personnel at the
USNationa Aeronauticsand SpaceAdministra:
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tion (NASA). Thecellsintheseimageswere4
km onaside, and werefrom 1982 to 1988, with
two images per month.

Figure 5.1. Example images of Normalized
Difference Vegetation Indices (NDV1)
based upon satelliteimages. Thisexample
shows: a) long-term mean vegetation
greeness; b) greenness reduced during a
the drought of 1997; and c) greenness ex-
tremely high during the heavy El Nifio
rainfall of 1998. See Boone et al. (2000)
for details.
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A final set of NDVI imageswere provided
by the Global Inventory Monitoring and M od-
eling Studies (USGS 1999) of NASA and dis-
tributed by the African Data Dissemination
Service (USGS 2000a). Cells within the im-
ages were 7.6 km on a side, and the images
summarized a 10-day period (dekade). We
obtained the entire collection of 7.6 km data,
essentially from thelaunching of the satellites
in 1982 to the present, including over 600
images.

NDVI data often were not registered well
with other spatial layersfrom East Africa, es-
pecially prior to the late 1990s. Given that
water appearsdistinctly in NDVI images (e.g.,
Figure 5.1), we used lake and ocean bound-
ariesfrom the Digital Chart of World asaref-
erencelayer, and manually aligned each of the
NDVI images with the water bodies. The ac-
curacy of this alignment varied, but in gen-
eral, we believe each image is placed within
the span of one cell width (i.e,, 1, 4, 7.6 km)
fromitsactual position on Earth. Thisrelative
accuracy is reflected in the analyses we con-
duct; it would beinappropriate to conduct site-
specific analyses using the 7.6 km resolution
data.

The hundreds of NDVI images contain a
great deal of ecosystem information, such as

Figure5.2. The NDVIView utility waswrit-
tento allow usersto easily browse and use
satellite images of vegetation greenness.
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responsesto drought and wet periods, but using
theinformation can betedious. We created atool
caledNDVIView tosmplify viewingtheNDVI
imagesof theregion (Figure5.2). NDVIView d-
lows a user to browse the three resolutions of
NDVI dataand overlay boundaries and popu-
lated places. Thetool dsoincludesanimationsof
NDV I images, which proveapowerful meansof
understanding how vegetation biomass changes
though theyear (1 km data) or decades (7.6 km
data).

Other Regional layers

J. Acen, a graduate student at Colorado
State University, has compiled a set of geo-
graphiclayersshewill useto support her analy-
ses of policiesaffecting land management and
use in East Africa. To date, J. Acen has com-
piled administrative boundariesfor Kenyaand
Tanzania (e.g., Figure 5.3) with national, dis-
trict, and sub-district boundariesfor both coun-
tries; layers depicting protected area bound-
aries in Kenya and Tanzania, including na-
tional parks, game reserves, and conservation
areas; demographic data for the region for
1990; and agricultural statistics for Kenya.
Spatial layersfor physical attributes Acen has
compiled are: (a) soils maps for Kenya; (b)
digital elevationmodelsfor Kenya; (¢) hydrog-
raphy layers, including streams, rivers, and
lakes, for Tanzaniaand Kenya; and (d) climatic
surface layers. The sources of these data are
varied. For example, administrative bound-
ariesand elevation model swere acquired from
the African Data Dissemination Service
(USGS 2000a), climatic data were imported
from the Almanac Characterization Tool lay-
ers for East African countries (Corbett et al.
1998), and soilswere acquired from the project
entitled KenSOTER (Rossiter 2000).

R. Reid, R. Kruska, and others (e.g., see
Reid et al. 1999) have compiled or created
estimates of human population sizeintheyears
2000, 2020, and 2040 for al of Africa. They
also compiled continental estimates of live-
stock populations, land use, and conservation
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Figure 5.3. Administrative subdistricts in
Kenyaand Tanzania. The subdistrictsare
shaded randomly.

areas. Spatial analyses, described later in this
chapter, generated Gl Slayersof continenta-scae
threatstolargemammal diversity.

Other layers we have compiled include a
1-km resolution digital elevation model for
East Africa (USGS 1999) and layersfrom the
Digital Chart of the World (Environmental
System Research I nstitute, Redlands, Califor-
nia, USA) for Kenya, Tanzania, and where
available, Uganda (e.g., political boundaries,
river network, populated places, topography,
geology, utility lines, roads, rails, and land
cover). Digital Chart of the World layers are
useful for their coverage and completeness
across regions, but are not spatially resolved.
We have aso acquired from the Global Land
Cover Characterization project 1-km resolu-
tion cover maps of Africa (USGS 2000b), hu-
man and cattle populations as compiled by
Corbett et al. (1998), and African country
boundaries (USGS 2000a).

K. Campbell, of the Environmental Sciences
Department, Natural Resources|nstitute (Kent,
UK) provided uswith highly detailed (1:50,000)
hydrography and hypsography datafor portions
of the Serengeti region, which had beendigitized
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from maps created by the Tanzanian government.
Healso provided detailed datafrom aerial sur-
veysintheearly 1990s, including cover estimates,
boma(i.e., groupsof households) surveys, and
animal dengity estimates. We created mapsfrom
these data, which were used in ecosystem mod-
eling to help guide the distributions of people,
plants, and animals.

We have availablelayers created under re-
lated research projects not directly supported
by GL-CRSP. Layersareavailableof locations
for selected household surveys throughout
Loliondo Game Controlled Area, Ngorongoro
Conservation Area, schools, and markets
(Smith 2000), and areasin Maasai defined as
lowlands, midlands, and highlands (Lynn
2000). Points within these regions were clas-
sified based upon inputs from Maasai, but the
spatial distribution of the regionswere defined
quantitatively. Soils maps of Serengeti Na-
tional Park have been digitized to support re-
search being conducted by K. Metzger of CSU.

Figure 5.4. The main vegetation types from
Herlocker and Dirschl (1972) were digi-
tized. Vegetation types were shaded ran-
domly.
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Ngorongoro Conservation Area, Tanzania
Land Cover

Inthelate 1960s, Herlocker and Dirschl con-
ducted field work to map the land cover of
Ngorongoro Conservation Area (NCA), pub-
lishing their map in 1972. The major vegeta-
tion types of that map were digitized,
georectified to the degree possible, and merged
into our spatial database (Figure 5.4). Later,
we parsed-out Ngorongoro Crater from the
map and digitized additional information from
Herlocker and Dirschl (1972). The full detail
of the map was digitized, including overstory,

Figure5.5. Thefull detail from (a) Herlocker
and Dirschl (1972) for Ngorongoro Cra-
ter, and (b) the Crater map by Chuwa and
Moehlman were digitized. Vegetation
types were shaded randomly, but with the
same shades where both maps shared

types.
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undergtory, height, and cover information (Figure
5.5a). A map of land cover of Ngorongoro Cra
ter created by S. Chuwaand P Moehlmaninthe
mid-1990swasdigitized for usein comparisons
to Herlocker and Dirschl (1972). Therecent map
included thesametypesand formatsof informa:
tion astheolder map and wasdigitizedinfull de-
tail (Figure5.5b).

Misana (1997) published a map showing
vegetation change, which she had created by
analyzing Landsat Multi-spectral Scanner sat-
elliteimages from 1979, 1985, and 1987, and
from aerial photographsfrom 1958, 1982, and
1983. We digitized this map to help identify
areas of change, aligned it to the degree pos-
sible with georectified layers, and added it to
our spatial database.

M. Kakhan used Landsat Thematic Map-
per (TM) data, Herlocker and Dirschl (1972)
and other literature sources to create a land
cover map of Ngorongoro Conservation Area
and the surrounding sites. Kalkhan used un-
supervised classification techniquesof Six TM
bands to form 100 clusters sharing spectral
signatures. He referenced the maps from the
literature and detailed signature statistics to
mergethe 100 clustersinto 27 land cover types
(Plate 1a). The resulting map has not been as-
sessed, but experts in land cover of
Ngorongoro have judged the map to be agood
represention of cover.

Water Sources

Water sources for Ngorongoro Conserva
tion Area were mapped using Aikman and
Cobb (1997), which included tables of the
existing and failed water sources in
Ngorongoro, along with their status and geo-
graphic coordinates. For rivers shown as wa-
ter sources in Aikman and Cobb (1997), we
referred to Landsat TM data to map them. We
used the noteswithin Aikman and Cobb (1997)
to create seasona and permanent water source
maps (e.g., Figure 5.6). T. McCabe, an ex-
pert in Maasal herding in NCA, reviewed our
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Figure 5.6. Seasonal (a) and permanent (b)
and permanent water source maps were
created for NCA.

water source mapsand suggested changes, which
wereincorporated.

SAVANNA Layers

The SAVANNA Modding System incorpo-
rates grid-based spatial layersinits processes.
The gpatid layersinform SAVANNA of the at-
tributes of each of the grid cells, for itsusein
modeling. We created a series of maps for
Ngorongoro Conservation Area and the areas
within 5 km of the site (see Chapter 7), often
based on spatial layersaready cited. Two reso-

Chapter 5 53



lutionswere created with 1 x 1 kmblocks, and 5
x 5 km blocks. For example, weresampled the
exiging digita eevation modd for thearea(0.95
km resolution) to 1 km resol ution, then created
aspect and dopelayersfromdevation. Theselay-
erswerethen generdizedto 5kmresolution. The
high resolution land cover map created from TM
data was reduced to 15 vegetation types, and
resampledto 1 kmand 5 kmresolutions. A layer
showing thedensity of householdswasgenerated
based upon a1991 aeria survey of bomas(i.e.,
groups of households), with data provided by
K. Campbell (see Chapter 7 for afigure). This
layer guided the placement of households in
SAVANNA. A soilsmap and subareamap were
created aswell.

We created distanceto water layerswhere
each cell contained an integer value storing
the distancein km to the nearest water source.
A layer was created for the distance to perma-
nent water in: (@) the dry season, based on per-
manent water sources; (b) what wetermed the
transitional period based on amerging of sea-
sonal and permanent water sources; and (c) a
wet season map which included the same wa-
ter sources asthetransitional season map, with
any value > 3 km set to 3 km. In SAVANNA,
thissignifiesthat in the wet season water may
be found within 3 km of any cell.

Layerscalled force mapswere created for
each of theanimal groups model ed (see Chap-
ter 7). Simulated animals in the SAVANNA
system are located based on attributes such as
habitat quality and quantity, slope, shade avail-
able, and herbaceous green biomass. These at-
tributes cannot capture somelimitationson the
movementsof animals. For example, in NCA,
livestock cannot graze in Ngorongoro Crater
because of legal restrictions. The force maps
for livestock therefore contain azero valuefor
cellswithin Ngorongoro Crater, whichin SA-
VANNA will prevent them from entering the
crater. Examples of force maps appear in
Chapter 7.
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Figure 5.7. Wesather station locations were
added to our spatial database. The55with
adequate data for use in modeling are
shown.

Other Layers

A map of the regions within Ngorongoro
Conservation Area that are prone to different
diseaseswas created under the GL-CRSPIMAS
project (Rwambo et al. 1999; see Chapter 9).
Ngorongoro Environmental Monitoring Pro-
gram sites, (22 locationsthroughout the grass-
lands of NCA that have long-term monitoring
of vegetation attributes) have been entered in
our spatial database along with the underly-
ing environmental data provided by P.
Moehlman. Weather sitesin and around NCA
(e.0., Figure 5.7) were added to our database,
along with the underlying data for 1963 to
1992. More recent weather data are available
to us, but have not yet been merged into our
database. Sites of household surveys con-
ducted by A. Mwilawahave been added to our
database. Roads were digitized from an exist-
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ing map of NCA and referencing Landsat imag-
ery, inwhichroadswereoftenvisible.

Kajiado District, Kenya
Land Cover

Aspart of GL-CRSP supported effort to un-
derstand changesintheAmbosdli Ecosystem, F
Atieno crested twoland cover mapsfor Ambosdli
and the central Kajiado District (Atieno 2000).
Atieno used printoutsof 1998 and 1988 L andsat
TM imagery asbaseinformation to delineatear-
easof different spatial reflectanceor patterns. He
then digitized the patchesand | abel ed them using
dataon vegetation collected from thefield and
resultsfrominterviewsof local resdents. Atieno
crested amap with 12 vegetation types, and later
reduced thetypesto 8toyield high accuracies
(Plate 1b, Plate 1c) in assessments (i.e.,
85.7%).

Kajiado Atlas

In 1990, theASAL Programme of Kajiado
and the Ministry of Reclamation and Devel-
opment of Arid, Semi-arid Areas and Waste-
land produced an atlas for the district (Ole
Katampoi et al. 1990). Under GL-CRSP, ILRI
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Figure5.8. Human population levelsmapped
in example layers digitized from the
Kajiado Atlas (Ole Katampoi et al. 1990).
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personnel digitized layersfromthat atlas, includ-
ing boundaries, towns, roads, human population
data down to sub-location level (Figure 5.8),
ground ranches, Amboseli National Park bound-
ary, wildlife management zones, soils, parks, riv-
ersand streams, and land use/land cover. These
layershaveprovenvauableinmoddingand andy-
Ses.

DRSRS Layers

M. Waweru of ILRI and the Kenyan Depart-
ment of Resource Surveysand Remote Sensing
(DRSRS) coordinated GL-CRSPIMAS acqui-
sition of DRSRS data. DRSRS conducts peri-
odic (annual when resourcesallow) aerial sur-
veysof regionsof Kenya, including Kgiado. Thar
aerid surveysincluded multiple observersdoing
animal countswith oneobserver recording land
cover characteristics. Photographswereused to
verify countsof animalsingroupsof greater than
tenindividuals(deLeeuw et a. 1998). Thedata
met quality control standards (see de L eeuw et
a. 1998 for detailson the surveysand summaries

Relative Tree Cover
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i

i

[
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Figure 5.9. Relative tree cover in southern
Kajiado District; an example of data pro-
vided by the Kenya Department of Re-
source Surveys and Remote Sensing.
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of datafrom 1977 to 1997). Waweru summa-
rized land-cover observer datafor Kgiado Dis-
trict generaizing theinformation to 15x 15 km
cdlsat thereguest of DRSRS. Theseincludeher-
baceous, shrub and tree cover, and height data
(Figure5.9). Animad countsfrom 1995 weresum-
marized at thesameresolution, including livestock,
wildebeest, buffalo, zebra, hippopotamus, el-

ephants, giraffes, and others. Wewerea so pro-
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Figureb5.10. Relativedensitiesof (a) wildlife
and (b) livestock from DRSRS surveys.
Each dot represents the center of a5 x 5
km survey block.
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vided with summariesof thedistribution of live-
stock and wildlifeassinglegroups, calculated at
full resolution and based upon fiveyears of sur-
vey data (Figure5.10). Thedistributionsfrom
DRSRSwerevauableinassuringtheanimad dis-
tributionsmodeling in SAVANNA werereason-
able.

Other Layers

Water sourceswere provided to GL-CRSP
IMAS by the Kenya Ministry of Water Re-
sources. Soils data were obtained from
KenSOTER ascitedin Rossiter (2000). Another
more detailed soilsmap for theAmboseli region
was provided by Ministry of Agriculture, the
KenyaSoil Survey, and Ministry of Tourismand
Wildlife. Wemerged thefinely-detail ed layer of
soilsinthe Amboseli areawiththemore general
KenSOTER soils map to yield a map of the
highest resolution available that covered our
entire study site. Weather data was gathered
for Kgjiado District (e.g., Figure 5.11) by
Atieno. High-resolution hysography (i.e.,
togographic contours) have been digitized by
ILRI. We used that datato generate arelatively
highresolutiondigital devationmodd for Kgjiado.
Lastly, fence lines for Kimana and Namelok

Figure5.11. Weather stations within or near
to Kgjiado District, southwestern Kenya.
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swampsweredigitized based upon global posi-
tioning system|locations.

SAVANNA Layers

AsfortheNCA, werequired Kgiado grid-
based layers of spatial information for usein
the SAVANNA modeling system. For the south-
ern Kgjiado areamodeled (see Chapter 7 for a
map of theareamodel ed), we generalized maps
to three resol utions based on the dimensions of
thesquarecdllsineachgrid: 1 km, 2.5km, and 5
km. Fromthedigita elevationmode cited for the
region, we created dope and aspect layers, then
resampled elevation, d ope, and aspect tothethree
resolutions. Forcemapswere created for the ani-
mal groupsof the K gjiado application (see Chap-
ter 7). Theforce mapswererelatively straight-
forward, and incorporated fences around
swamps, exclusion of livestock from Ambosdli
National Park, exclusion of largewildlifefrom
fenced forestswithin Ambosdli, and limitsonthe
movementsof wildlifeto thewet seasongrazing
orbitsshownin Ole Katampoi et a. (1990). We
also had the spatial locationsof thetraining Sites
whereAtieno collected vegetationinformation and
theunderlying data, whichwasusedin modeling.

To conduct SAVANNA modeling, we re-
quired a vegetation map that covered the en-
tire 10,732 km? area, but the best availableland
cover map (Atieno 2000) covered only athird
of that area. We used classification trees
(Breiman et a. 1984) to predict the vegeta-
tion at sites not mapped. A seriesof 50 spatial
layers were merged into a database for usein
analyses, including 36 NDVI imagesthrough-
out the year showing a greenness profile for
each pixel, elevation, soil, slope, maximum
and minimum temperature, and a coarse-level
existing vegetation map (USGS 2000b). These
layers served asindependent variablesand the
12 classes mapped by Atieno served as depen-
dent variables, in a classification tree analy-
sis. For the areamapped by Atieno, the agree-
ment between the estimated map and theorigina
map was good [ Cohen’s Kappa Statistic 0.633
(Landisand Kock 1977)]. Wethen predicted the
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vegetation inthe unmapped portionsof the study
Steand resampled theresulting mapto 1 km, 2.5
km, and 5 km resolutions.

Water sources purchased from the Minis-
try of Water Resourcesincluded attributes de-
scribing the source and whether or not it was
permanent. We used that information to cre-
ate three types of distance to water layers for
usein SAVANNA; one set each for livestock
and wildlife. Wildlifelayersincluded ground
catchments, rivers, rock catchments, and wa-
ter holes. Livestock layers included those
sources, plus bore holes, dams, wells, and
springs. Each set included a layer for the dry
Season using permanent water sources, and a
transitional season map using seasonal and
permanent water sources. Wet season layers
were created using methods described for
NCA. Some of the water sources may be in-
operative or may exclude wildlife, for ex-
ample, but we believe we have described the
major patterns well. From the layers of water
sources, GI S techniques were used to calcu-
late the distance to the nearest water for each
of thecellsinthegrid (e.g., Figure5.11), then
the grids were generalized to 1 km, 2.5 km,
and 5 km resolutions.

SPATIAL ANALYSES
Human-Livestock-Wildlife ConflictsAcross
Africa

Our ability to better balance human welfare
and environmental conservation depends
partly on anticipating future conflicts among
people, livestock and wildlife. InAfrica, these
‘tensionzones' currently occur in placeswhere
protected areas are adjacent to high human
populations. It is aso important to consider
what areas support the most diverse
assemblages of large mammals to identify
which areas may be most vulnerableto human
use. To identify current and future conflict
areas, R. Reid, R. Kruska, and othersdevel oped
a fine-resolution GIS scenario of human
population dengtiesfor theyears 2000, 2020 and
2040, and analysed these with GI S themeson
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Figureb5.12. Distanceto water mapsfor live-
stock in southern Kagjiado District, for the
dry season (a), and the transitional season
(b). Areas darkly shaded are near water,
those lightly shaded are far from water.

livestock populations, land-use, and conservation
areas(Plate 2a). Current and future popul ation
pressure on conservation areaswas measured by
creating aspatial index of pressure, correlation
analysisof land-use, and the density of human
and livestock populations. Toidentify biologically
diverseareas, we devel oped thefirst continental
map of thedensity of medium andlargemammal
speciesfrom 281 speciescontained in databases

€¥2 Globa Livestock CRSP, IMAS Report. 2001

devel oped by the Institute of Ecology in Rome,
Italy. The resulting map shows the number of
mammalsineach 5x 5 km grid cell acrossthe
continent (Reid et al. 1999). InWest Africa, the
remaining pockets of coastal rainforest will be
under high pressure by 2040, but thisisan area
where mammal biodiversity iscurrently low to
moderate. Central and southern Africawill see
light pressure except in northern Zimbabwe,
Malawi, and parts of Mozambique, where
pressure will be moderate to high. However,
in East Africamost of the conservation areas
(including the Serengeti) will be surrounded
by more people than any other area on the
continent. East Africa also supports more
mammal sthan any other region of Africa. We
conclude from this analysis that the focus of
the CRSP projects on human-wildlife-
livestock conflictsin East Africaisurgent and
well-placed. The lessons learned in Kenya,
Uganda, and Tanzania may be useful in
Ethiopiaand Maawi inthe present and in most
of southernAfricainthefuture.

Ngorongoro Conservation Area, Tanzania
Comparative Analyses

R. Booneused NDVI imagesat threereso-
lutions to cal cul ate vegetation greenness pro-
files for: (a) all of NCA (7.6 km resolution
NDVI images); (b) landscape units within
NCA, such as the plains or the Ngorongoro
Highland Forest (7.6 km and 4 km); and (c)
the 22 individual sites of the Ngorongoro En-
vironmental Monitoring Program (1 km reso-
[ution). P. Moehlman and Boone are relating
the vegetation greenness profiles as seen from
space to changes in vegetation biomass and
species composition in the Environmental
Monitoring sites.

Detrended correspondence analyses were
used to identify how vegetation of the Envi-
ronmental Monitoring sitesvaried with gradi-
ents. P. Weisberg identified the most signifi-
cant gradient was structural, from low grasses
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to tall grasses. Plant species composition was
shown to bechanging aswell.

We have focused our efforts upon
Ngorongoro Crater. Moehlman and Boone are
guantitatively comparing the changesin cra-
ter vegetation maps created 30 years apart (Fig-
ure 5.5 aversus 5.5 b). Matrices showing the
change in vegetation types across the periods
have been produced. We are correlating these
changes in plant species composition with
overall palatablity to grazers and to docu-
mented changes in the ratios of animal spe-
cies. Theremoval of cattle from the crater in
1974 may have atered the balance of buffalo
and wildebeest grazing patterns, causing the
recent declinesin wildebeest and dramaticin-
creases in buffalo.

Cluster Analyses

K. Galvin, S. Lynn, and N. Smith had gath-
ered household survey data from dozens of
sites in the Loliondo Game Controlled Area
and NCA. There were patterns of responses
in the survey datathat they believed could be
generalized to a broader region. But to what
region? We devel oped amethod of generaliz-
ing household data that correlated changesin
Maasai livestock ownership and sales to
change in vegetation biomass. We used hier-
archical cluster analysis of 1 km resolution
cells with each cell storing its annual NDVI
greenness profile. This process yielded clus-
ters of land with cells that had similar green-
ness profiles. Lastly, we compared the clus-
ters to the household survey results identify-
ing clustersthat best discriminated survey re-
sults. Discrimination was considered ideal
when a group of households with a given re-
sponse, such as selling some number of goats,
occurred entirely within one cluster. Two vari-
ables were significantly related to vegetation
greenness, the number of goatsand sheep soldin
1998, and the changein thenumber of small stock
sold between 1997 and 1998. These variables
weregeneraized acrossthelandscapein aquan-
titative, repeatableway. For moredetail on our
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methodsand for figures, seeBooneet d. (2000),
andfor theresultsand their anthropological im-
plications, seeGavinetd. (inpress).

Other Analyses

T. McCabe of the University of Colorado,
worked with R. Boone and the wildlife/live-
stock disease modeling team to define move-
ments of Maasai cattle throughout the year.
Researchers conducting aerial surveys of
bomasin NCA inthe early 1990s had divided
theareainto 16 blocks, following general land
forms and plant communities. We used those
blocks (see Chapter 9 for figures) asthefoun-
dation to define the movements of cattle.
Matrices were created for each of five transi-
tion periods throughout the year: early wet-
to-wet season, wet-to-transition season, tran-
sition-to-dry season, dry-to-short rains season,
and short rains-to-early wet season. McCabe
assigned draft probabilities of cattle moving
from every block to every other block in each
of the matrices. These probabilitieswere used
in modeling the spread of disease as cattle
move about NCA. Wewish to finalize and re-
fine the movement probabilities in future
work; aquantitative representation of Maasal
herding patterns may be used to address many
guestions, such as optimum responses to
drought.

In other CSU research associated with the
IMASteam, but not directly supported by GL -
CRSP, N. Smith conducted Gl Sanalysesiden-
tifying distancesto markets, schools, and hos-
pitals, and relating them to the placement of
bomas and villages. S. Lynn conducted de-
tailed analyses of the movements of Maasal
herders, measuring minimum distances trav-
eled from grazing areas, to bomas, to water,
and returning to grazing. For both Smith and
Lynn, thefocuswasmaking compari ons between
resultsin Loliondo and NCA. A detailed vegeta-
tion map of the Serengeti Ecosystem, including
NCA, isbeing created by K. Metzger using rig-
orous spatid statisticsmethods.
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KajiadoDistrict, Kenya
Change in Cover

A study was undertaken to map out and
document the land cover, the changes, their
possible causes and effects on vegetation spe-
cies diversity and abundance within the
Greater Amboseli Ecosystem. Remote sens-
ing, GIS and ancillary data, together with
ground-based techniques, were analyzed.
Cover changeanaysiswascarried out between
theyears 1988 and 1998 using maps produced
from Landsat TM scenes. Land use-land cover
mapsfor 1998 and 1988 were produced (Plate
1b, Plate 1c) with an accuracy of 85.7% from
whichit wasrevealed that tremendous|and use/
land cover changeshave occurred, coupled with
ggnificant differencesin vegetation speciescom-
position, diversity and structure acrossthe study
Ste. Bushed grassland, cultivated land and water
bodiesincreased from 45% (140,409 ha) to 54%
(167,572 ha), 3.7% (11,469 ha) to 11.5%
(35,766 ha), and 0.01% (31.2 ha) t0 0.24% (756
ha) out of thetotal |and arearespectively. Veg-
etation cover, however, decreased generally from
96% to 88% during the ten year period. Over-
grazing, abandonment and erosion most likely
haveresulted in achangein wooded grasslands
and grasdands. Four land usetypeswereidenti-
fied ranging fromintensified rain-fed agriculture
on themountain dopes, down dope expans on of
sparse agriculture under amore extensiveland
use system, and extension of swamp-edge/ripar-
ian cultivationincreasing in outside park tourism
including campsitesandwildlifesanctuaries. There
occurred overall landscape fragmentation and
changing numbers, diversity, and density of land
cover patchesdueto changesinland use.

A large portion of the study area has been
converted to small-scale agriculture, and some
degraded in terms of vegetation resourcesasa
result of overgrazing, failing to take into con-
sideration the vulnerability of the range eco-
system. In sum, declining vegetation cover,
formation of erosional sites, abandonment of
cropping fields, declining water availability, and
wildlifereductioninnumber and speciesdiversity
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can be seen to be the outcomes of recent land
usechanges, settlement, expanding cultivationand
changing climatic conditionswithinthestudy area.
TheMaasai pastoralists can now be seento be
expanding their small-scale agricultureinto the
swampsfor ther livelihood. However, it would
beironicd to bdlievethat thisisasustainableway
of food production since the swampswill con-
tinueto diminish and dry off ascultivation con-
tinues. Thisland use change consequently will
have negative impacts on the existing
biodiversity which will in turn negatively af-
fect pastoral strategiesinvolving mobility and
resource base, especially as more dry grazing
zones disappear. This presents a questionable
scenario for the survival of apastoral produc-
tion system considering theincreasing human
population pressurewhich will definitely seek
more ways to increase food production.

Water Development and Wildlife

A GIS analysisof theimpact of people on
wildlife in Kagjiado District was completed.
The intention was to analyze the impacts of
changesinland tenure onwildlife, but no land
tenure data layer was available for this analy-
sis. Instead, the team focused on the impacts
of water development on the distribution and
diversity of wildlife, comparing the semi-arid
savannain Kgjiado to arid savannasin north-
ern Kenya. In the arid savannas, human pres-
ence and livestock grazing and browsing ex-
cludes wildlife from within 5-10 km of water
points, effectively reducing the abundance and
diversity of wildlifein theregion. In Kgjiado,
where forage is more abundant, wildlife and
livestock strongly intermix with no exclusion of
wildlife by livestock and people. We concluded
that theimpacts of water development arelower
inwetter savannas, but that the trongintermixing
of livestock and wildlifein these same savannas
will lead to morefrequent transmission of disease
between livestock and wildlife, more people-wild-
lifeconflicts, and more Sde-by-s de competition
of livestock and wildlifefor forage.
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Other Analyses

R. Boone has produced NDV | images and
greenness profilesthat D. Western and Boone
are correlating with long-term data vegetation
and animal counts Western collected in the
Amboseli Basin. Asin NCA, theresolution of
NDVI data were matched to the area being
summarized, so that 7.6 km NDVI was used
to calculate a20-year greenness profilefor all
of Amboseli Basin, 7.6 km and 4 km datawere
used to calculate profiles for landscape units
within Amboseli, and 1 km resolution data
were used to calculate profilesfor the 18 indi-
vidual sites where vegetation data had been
collected.

DISCUSSION

The spatial layers described supported
analyses in the GL-CRSP IMAS project, but
also were merged with spatial databases in
CSU, ILRI, and in outreach sites such as the
Community Conservation Centre at the Afri-
can Wildlife Foundation, Arusha, Tanzania
(see Chapter 10). Thus, in additionto allowing
the ecological questions cited to be addressed,
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institutional and local capacitiesto conduct spa-
tial analyseswereimproved.

We haveexcluded modd output fromthelist
of gpatial layersavailableto us, but notethat the
SAVANNA modeling system (see Chapters 6
and 7), thePHEW S socioeconomic modeling tool
(Chapter 8), and the SIDRAM disease model -
ing tools (Chapter 9) each produce spatial and
temporal output. For example, the SAVANNA
model produces maps of dozens of variables
(e.g., precipitation, herbaceous green biomass,
treecover, animal distributions, digestability of
foragefor each animal group, household densi-
ties, areasin cultivation), onemap per month over
the duration of the simulation (e.g., 15 years).
Usersmust beaware of theassumptionsand limi-
tationsof thegiven smulation mode swhenusing
theselayersin other work, but they do providea
wed th of information. For example, weused SA-
VANNA modd spatia output showing thedistri-
butionsand densities of cattleand wildebeest to
estimate the number of cattlethat would bein-
fected with malignant catarrhal fever (see
Chapter 9).
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Plates 1 and 2

Plate 1 a. A land cover map created by M. Kalkhan (of NREL, CSU) using Landsat Thematic
Mapper satelliteimagesand existing land cover maps (e.g., Herlocker and Dirschl 1972). The
map includes 27 land cover types. See Chapter 5.

Platelb, c. F.Atieno (of ILRI, Nairobi) delineated and digitized land cover in theAmboseli Basin
using printsfrom Landsat Thematic Mapper satelliteimagesfrom 1988 (b) and 1998 (¢). Land
cover typeswerelabeled using field data collected for the purpose and published sources. See
Atieno (2000) for details. See Chapter 5.

Plate 2 a. Human population estimate and projectionsfor the years 2000, 2020 (not shown) and
2040 were devel oped and compared to biological diversity represented by the number of large
mammal speciesin natural areas, derived from databasesfrom the Institute of Ecology, Rome,
Italy. In 2000, human population densitieswere high in East and West Africa, but mammal diver-
Sty wasrelatively low inthewest but highintheeast. 1n 2040, human population densitiesin East
Africawere pojected to bevery high. See Chapter 5.

Plate2b. Study areaswith land uses, in Kgjiado District, Kenya. See Chapter 8.
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Chapter 6

Modeling Tools of the
Integrated Management and Assessment System

Randall B. Boone and Michael B. Coughenour

INTRODUCTION

Ecological modeling is used in the Inte-
grated Management and Assessment System
to allow users to address potential manage-
ment questions. Thesystem allowsuserstosmu-
late putting management practicesin place and
interpret theresults, allowing the usersto antici-
pateimportant ecol ogical and socioeconomic ef-
fects. Asexamples, usersmay ssmulate droughts
and estimate ecosystem response or fine-tunethe
drought responses of pastoralists. The effect of
adding water sources may also be simulated to
estimate changesin range condition and herbi-
vorepopulations.

TheGL-CRSPIMASindudesfivemaincom-
ponents(Fig. 6.1) joined together to conduct these
analyses. Inthestrictest sense, usersneed only
understand theinterfacestotheIMASmodeling
tools (SavView and perhaps SMS), but amore
thorough understanding of how thedifferent mod-
eling toolswork together to ssimulate ecological
and socioeconomic responsesishelpful. Three
of thecomponents (SAVANNA, SMS, and Sav-

View) aredescribed bel ow. Theremaining com-
ponents(PHEWSand SIDRAM) arecited briefly
bel ow, and described in-full elsewhereinthisre-

port.

MODELING TOOLS

The ecological modeling components of
the Integrated Management and Assessment
System are shown schematically in Fig. 6.1.
The central model, SAVANNA,, islinked pro-
grammatically to the PHEWS model, which
models socioeconomic relationships, and to
the SIDRAM model, which incorporateslive-
stock and wildlife diseases. Very detailed output
from these linked models is viewed by those
adapting the systemto anew area, and usersif
they wish to see detailed output, using SMS.
Usersthat may not be expertsin modeling inter-
act with thesystem using the SavView interface.
Explanations of each of these componentsfol-
low.

Sl AN A

i i
' SAVANNA i ;—“f!"lﬁ_

Fasloral Househild and
Economic Walfare Simudasor

PHEWS

L

AR T
usar rrierface

SavView

5 Iy | T
SIDRAM ™5 saeiment todel

| | Creaiad under GL-CRSP IMAS
T 7T Modified under GL-CRSP IMAS

Figure6.1. A diagram showing therelationship of the ecological and socioeconomic modeling
toolsof the Integrated Management and Assessment System, and how they arelinked. Links
between the interfaces SM S and SavView and the submodels are not shown.
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Figure6.2. The SAVANNA ecosystem model represented asaflow-chart. The ma or components
of themodel and how they arelinked are shown.

SAVANNA

The SAVANNA ecosystem model (Fig. 6.2)
isaprocess-oriented model of carbon and nitro-
genflowsthrough threetrophiclevels, plant and
soil water budgets, and plant and anima popula-
tiondynamics. Itisaspatidly explicit multi-spe-
ciesmodel that smulatesin time and space: (1)
vegetation dynamicsintermsof plant functional
group competition, (2) plant production, (3) plant
responsesto climate, including seasond patterns,
(4) plant responsesto herbivory andfire, and (5)
animal and pastoral responsesto their environ-
ment. Themodel assessesthe state of the system
once per week, and runs of 5 t0100 years for
landscape composed of 1,000 to 10,000 grid-
cellsarecommon. Themode has been adapted
for and validated, tested, and used in numerous
grazing land sites in Asia, Australia, Africa
(Ngorongoro Conservation Area, Tanzania,
Kruger National Park, South Africa, South
Turkana, Kenya) and NorthAmerica(Ydlowstone
National Park, Rocky Mountain Nationa Park,
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National Bison Range, Pryor Mountain Wild
Horse Reserve, etc.). SAVANNA islinked to
geographicinformation systems(GIS) data. GIS
datainputsinclude mapsof soils, vegetation, to-
pography, land use, pastoralist density distribu-
tions, and livestock grazing rangesand watering
points.

The plant growth submodel represents
above and below ground biomass components,
aswadll asplant nitrogen. Plant water useiscen-
tral to the plant production submodel. Themodel
smulatesphotosynthes sasamaximumrate, mul-
tiplied by effectsof light, plant avail ablesoil mois-
ture, plant nitrogen, photosynthetically active
radiation, and temperature. Stomatal conductance
iscomputed from photosynthesisrate, humidity,
and CO,. Photosynthateisalocatedto plant parts
based upon allometric rulesand plant stresses.
Dead tissuesare partitioned to resistant and la-
bile litter pools that enter the decomposer
submodd. Plant population dynamicsaredepen-
dent upon basal cover, seed banks, theresulting
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establishment and mortality, and are affected by
water stressand temperature.

Anima submoddssmulateforaging, energy
balance, population dynamics, and spatia distri-
butions. A diet selection submode distributesher-
bivory among plant typesand tissueswithin each
grid-cell, withforageintakeratefollowing afunc-
tiona responseand influenced by forage quality.
Energy intakeisthe product of forageintakerate
and foragedigestible energy content. Energy use
dependsupon body size, gestation, lactation, tem-
perature, and anima activity. Energy budgetsare
trand ated into wel ght gainsand losses, which af-
fect ungulate population dynamics. Ungulatesare
dynamically distributed in responseto environ-
mental conditions, such asgreenforagebiomass,
topography, woody cover, and distanceto wa-
ter. Distributions may be constrained by bound-
aries, for example, movement of animalsamong
paddocksor seasonal grazing rangescan bepre-
scribed at set timesthroughout asimulation.

SAVANNA was modified for GL-CRSP
IMAS applicationsin several ways. Human
popul ation growth and cultivation wereincor-
porated into the model, which included the
addition of a module mapping households.
The method used to inform SAVANNA of the
distanceto water sourceswas streamlined, and
an option was added to allow herbivores to
use specific water source maps. Thismodifica
tion allowed somewater sourcesto beavailable
to livestock and humans, but not towildlife. A
draft diseasemodel wasincorporated pendingthe
inclusion of the SIDRAM model. In the draft
mode, livestock could succumbto adiseasesmi-
lar to East Coast Fever, atick-born disease as-
sociated withhighdevationsandincreasedrainfdl.
Lastly, SAVANNA wasmodified sothat wild her-
bivoreswill avoid thedisturbance of humansand
their livestock to adegree set by themodeler.

PHEWS

The Pastoral Household and Economic
Welfare Smulator (PHEWS) usesasmall set of
rulesto s mulatethe behavior of individua house-
holds. Pastord, or agro-pastoral, householdsare
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categorizedinto threelevelsof wealth, each with
some number of peopleand livestock, and per-
haps someland under cultivation. Inasmula
tion, thetotal livestock units(TLUS) per person
aretracked, serving asthe basic measure of the
pastora system. In addition, cash flowsand en-
ergy flowsaretracked through time. If energy
flowsfdl beow that required to maintainthehedth
of household members, for example, rulesareap-
pliedto guide household decisions. If TLUsare
relatively high, livestock may be sold or daugh-
tered, or if the household cash box containsa
surplus, maizemay bepurchased. Indifficult times,
thehousehold may rely uponrelief aid for apor-
tion of its energy. For afull description of the
PHEWS model, see Chapter 8.

The SAVANNA moded islinked to PHEWS
through variablesthat inform the socioeconomic
model about the population size, condition, and
ageclassesof livestock. PHEWS usesthesedata
to estimate how much energy ahousehold should
ganfromthemilk-yield of animals, or fromthe
meat of saughtered animals, for example. The
PHEWS model also usesameasure of rainfall
provided from SAVANNA to estimatecropyidd.
The PHEWSmode doesnot modify these num-
bers, except for the livestock population size,
whichisadjusted when animasaresold, daugh-
tered, or traded. Output filesare created by the
PHEWS model to beread by SMS, and spatia
dataare provided to SAVANNA to bewritten-
outinaformat usableby SMS.

SIDRAM

The Spatially Integrated Disease Risk As-
sessment Model (SIDRAM) simul atesrates of
disease infection and spread for selected live-
stock and wildlife diseases important in East
Africa. The SIDRAM model smulated therate
of infection of adult cattle by thevirus causing
malignant catarrhal fever, which is carried by
wildebeest calves. SAVANNA provided weekly
estimates of wildebeest and cattle densitiesfor
each of the blocksinto which thelandscape had
been divided. The SIDRAM model used esti-
matesof the proximity of thetwo herbivores, the
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infectiousness of thedisease, and exposurerates
over timeto estimatethe number of cattleinfected
with malignant catarrhal fever for that time pe-
riod.

The SIDRAM model aso simulates the
spread of arinderpest outbreak amongst cattle.
Thestudy area, Ngorongoro ConservationArea,
wasdivided into blocks, and the movement of
cattle between blocksin each season was esti-
mated. SAVANNA provided popul ation estimates
of cattlefor each of theblocks, and methodssmi-
lar tothoseused for mdignant catarrhd fever were
used to estimate infection rates. However, these
estimatesof infection rateswereinfluenced by the
numbersof animasmovinginto agivenblock that
werealready infected with rinderpest. For afull
description of the SIDRAM model, see Chapter
0.
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Figure6.3. Examplemenusfrom SMS, show-
ing detailed SAVANNA output that may be
viewed as charts (back) or maps (front).

€92 Globa Livestock CRSP, IMAS Report. 2001

SMS

Thename SMS(SAVANNA Modding Sys-
tem) wasgivento aninterface that hasbeen used
tointeract with SAVANNA. InIMAS, SMSis
used by ecosystem modelers to look at SA-
VANNA resultsin great detail (Fig. 6.3). For ex-
ample, using SM S, an ecosystem modeler (or a
user wanting moredetail than SavView provides)
may make charts showing changesin the biom-
assof vegetationtypesbeing modded, their com-
ponents, such as leaves, stems, and roots, or
changesin the populationsand body conditions
of herbivores. A suite of detailed diagnostic out-
putsmay be plotted aswell (Fig. 6.3). SMSalso
createsmapsfrom SAVANNA output, allowing
usersto view spatial changesover timein pre-
cipitation, plant biomass, herbivoredistributions,
and dozensof other variables (Fig. 6.3).

SMS was modified under the GL-CRSP
IMAS to include information required for
modeling cultivation and human population
growth. Changesto filesthat SMSread to for-
mat output correctly for each areain which SA-
VANNA was adapted were al so modified.

SavView

A graphicd user interfacecdled SavView was
constructed for usewith SAVANNA. The SA-
VANNA modding systemispowerful, butitsdi-
rect use requires understanding some 50 para-
meter filesand how the system referencesthem.
For example, to conduct an analysisthat changes
the cattle population and how it ismodel ed may
require careful adjustment of valuesinthree pa
rameter files [i.e., dens.dat, smcon.prm, and
cull.prm; see Boone (2000) for details]. SavView
makesthoseadjussmentsautomatically, eiminat-
ing the need for expert knowledgeto conduct ex-
periments. SavView followsWindows® program
gandards, alowing userswith experiencein other
Windows® programsto correctly anticipate how
to use SavView without referring to the support-
ing documents. Also, SavView waswrittenina
popular programming language, Microsoft'sVi-
sua Basic (Redmond, Washington, USA), mak-
ing updates straightforward.
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Theinterface essentially includesthree sec-
tions. Thefirgt, aparameterssection, allowsus-
ers to change parameters to address a given
management question (seeFig. 6.4 for examples),
the second shows charts depicting changesin
trendsover time (Fig. 6.5), and the third shows
mapsof changesinspatid patternsover time(Fg.
6.6). Each section makes use of an ‘explorer’
stylesimilar to that in Microsoft’sWindows Ex-
plorer. The parameterssection, for example, pre-
sentsawindow with thedefault parameter settings
(herbivore populations) shownto theright, and
an explorer treeto theleft, allowing the user to
choose other parameter types to adjust. The
charting section showsaitri butesthat can beadded
to achart, and the mapping section shows at-
tributesthat can be mapped.

In practice, managersusing theIMAStools
to anti ci pate some consequences of aproposed
practice would make changes to the settings
used in SAVANNA displayed under the pa
rameters section of SavView, run the SA-
VANNA model, then use the charting and
mapping sectionsto view theresults. The settings
used for each simulation are saved in aformat
appropriate for SavView, so that a record of
analyses conducted may be maintained.

SavView waswrittento beflexible, so that
theinterface can be adapted to new areaswith
relativelittle of theinterfacerequiring changes.
A comprehengveon-linemanua describing some
details of the SAVANNA model and the use of
SMSand SavView isavailable (Boone 2000).
In addition, astreamlined version of the manual
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Figure6.4. Theparameter section of the SavView graphical interfaceto SAVANNA, which allows
non-expertsto conduct experiments. The window shown allows usersto changelivestock and
wild herbivore populations and to set popul ation modeling methods. Other windowsallow users
tomodify: (1) populationratesof change, representing changesin animal survival; (2) household
and cultivation settings, (3) rainfall attributesthat might represent droughts, for example; (4) maps
representing changesto water source; and (5) mapsrepresenting changeto areasinwhich herbi-

voresareallowed to graze.
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independent charts may be displayed, mapping different types of information. Each chart may
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containing theinformation about SAVANNA,
SMS, and SavView that would be of interest to
an end-user of the ecosystem modeling compo-
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Chapter 6

nent of IMAS was compiled (Boone and
Coughenour 2000).
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animate maps by month or year, under the control of the user..
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Chapter 7

Using GL-CRSPIMAS
to Address Potential Management Questionsin
Ngorongoro, Tanzaniaand Kajiado, Kenya

Randall B. Boone, Michael B. Coughenour, Kathleen A. Galvin, and JamesE. Ellis

INTRODUCTION

Land managers, such as the Ngorongoro
Conservation Area Authority and Kaiado
Group Ranch committees, havethe complex task
of balancing competing demandsfor resources
and attempting to improve upon the problems
outlined in Chapter 2. Managers need tool sthat
allow themto assessthe effects of pending man-
agement decisionsthat might affect livestock and
wildlifepopulations, limitationson grazing or cul-

tivation, for example. Weadaptedthe SAVANNA
modeling system to Ngorongoro Conservation
Area (NCA) and the southern half of Kgjiado
Didrict, Kenya, incdludingAmbosdi Nationa Park
(Figure7.1). These adaptationsallow land man-
agersand other stakehol dersto estimate poten-
tial effectsfrom management options, with the
resultsforming acommon foundationfor discus-
sonsand decisonmaking.

Tanzania

Figure 7.1. Thefocal region of GL-CRSP IMAS. The study areas modeled were Ngorongoro
ConsarvationArea, Tanzania(A) and areaswithin fivekm (line), and Kgjiado District, Kenya(B),
with Amboseli National Park showninadarker shadein the south-central portion of our study
area. Thenorthern portion of Kgjiado (C) wasnot modeled. Additiona nationd parksincludethe
Serengeti (D), Lake Manyara(E), Tarangire (F), Arusha (G), Tsavo West (H), Tsavo East (1),
Nairobi (J), and Sapuk (K). Gamereservesare Maasa Mara(L), Maswa (M), Kilimanjaro (N),

and Mkomazi (O).
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Therewerethree primary modeling effortsin
the GL-CRSPIMASProgram, includingtheuse
of SAVANNA in ecosystem modeling, socioeco-
nomic modeling, and livestock and wildlifedis-
ease modeling. Thischapter reportson thefirst
effort with the socioeconomic component re-
ported in Chapter 8 and disease modeling in
Chapter 9. The socioeconomic model hasnow
beenincorporatedinto SAVANNA, for example,
but when these analyses were conducted, that
component wasnot part of themodel. Thus, this
chapter reports on ssmplified methodsto model
human populations, cultivation, andwildlifedis-
easesrather than thefull models constructed un-
der GL-CRSP, which arereported in the chap-
terscited.

Inthischapter, webriefly review our model -
ing methods, then present resultsfor aseries of
potential management questionsfor each of the
adaptations. Thequestionsare not an exhaustive
list; many other questionsmay be addressed us-
ingtheIMAStools. Instead, we have addressed
these management questionsto demongtratethe
flexibility of thesystem.

MODELING METHODS

The SAVANNA Modeling Systemwasin-
troduced in Chapter 6, whichincludesadiagram
showing the major componentsof themodel and
citesitsusearoundtheglobe. Briefly, SAVANNA
isaseriesof interconnected computer programs
that modd primary ecosysteminteractionsinarid
and semi-arid landscapes. SAVANNA isgpatialy
explicit, meaning herethat thelandscapes mod-
eled arerepresented by acell-based grid. Within
each cell, aseriesof plant and animal functional
groups (i.e., species or groups of species) are
modeled, and components of plant functional
groups are further split into layers, such as
upper and middle canopy layers, and upper,
middle, and lower soil layers.

Themodd predictswater availability to plants
based on rainfall and soil properties. For each
plant functional groupineach cell, primary pro-
ductionisestimated using water, light, and nutri-
ent availability. From production, SAVANNA
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cal culates plant popul ationsand their dynamics.
During each weekly time-step of the SAVANNA
model, herbivoresare distributed according to
habitat suitability, and animalsfeed on available
vegetation, depending upon dietary preferences
and consumptionrates. Energy istracked through
herbivores, with balances affected by metabo-
lism, gestation, and | actation. Popul ation dynam-
icsarealsotracked. Changesin vegetation, her-
bivore, climate, and human resident patterns
acrosstime and space are reported each month
of the simulation. For more detail about SA-
VANNA, seeEllisand Coughenour (1998) and
Booneet al. (inpress).

Ngorongoro Conservation Area

Weincludedinthemode NCA, at 8,288 km?
and areaswithin fivekm of NCA (Figure7.1),
bringing thetotal areamodeled to 10,075 kn.
M. Kakhan, Colorado State University, created
avegetation map for theareabased upon Landsat
Thematic Mapper dataand existing information
(e.g., Herlocker and Dirschl 1972), whichwas
amplifiedto 15 vegetation types. Elevation, dope,
and aspect werecalculated from adigital eleva
tion model from the US Geologica Survey
(USGS). Sail information came from amap by
USGS, based upon another by the Food and
Agriculture Organization of the United Nations.
Water sourcesand restrictionson grazing were
based upon authorswithin Thompson (1997) and
expert review. These Gl Slayerswere general -
izedtotwo resolutionswitheach cell 1 x 1 km
and5x 5km. Theresults presented herearefrom
5x 5 km analyses, which were very similar to
thosefromthefiner resolution.

When adapting SAVANNA to an area, the
modeler must decide upon appropriate func-
tional groupsto include, based on the manage-
ment questionsof interest. INNCA, we used 7
plant functiona groupsand 17 animal functional
groupsthat included 11 species(Table 7.1). In
the control model, weincluded 105,202 cattle,
130,000 goats, and 60,000 sheep (Machange
1997; Thompson 1997). Wildebeest populations
were about 900,000, and about half moved onto
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Plants
Herbs
Palatable grasses
Palatable forbs
Unpal atabl e herbaceous
Shrubs
Palatable shrubs
Unpalatable shrubs
Trees
Evergreen trees
Deciduous woodlands

Animals
Livestock

Cattle

Goat

Sheep

Wildlife

Migratory
Wildebeest
Zebra
Grazing antelope

Resident
Wildebeest
Zebra
Grazing antelope

Crater
Buffalo
Browsing antelope

Area
Buffalo
Browsing antelope
Elephant
Rhinoceros
Girdffe
Warthog

Table7.1. Functional groupsusedinthe NCA-
SAVANNA application. Migratory wildlife
areon NCA only during thewet season, pesk-
inginApril. Wildlifeunder * Ared are popu-
lationsoutsdeNgorongoro Crater, and‘ Cra
ter’ populationsarerestricted to the crater.
Migratory grazing antel opeare Thomson's
gazelles (Gazella thomsoni), and browsing
antelopeare severa species.
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NCA during the peak breeding season (A.R.E.
Sinclair, pers. comm.). These 450,000 wildebeest
were joined by 66,000 zebra and buffalo,
156,000 grazing antel ope, 14,000 browsing an-
telope, 320 elephantsand rhinos, and 1,700 gi-
raffes. Other parameters too numerousto cite
were set inthemodel, based on aliteraturere-
view, previous applications (e.g., Coughenour
1992; Kiker 1998), fieldwork associated with the
IMASproject, and expert opinion. Soil attributes,
climate and disturbance datawereincorporated
intothemode . Climateinformationwasavailable
from 1963 to 1992, and we selected a 15-year
period (1973 to 1988) to model. Note, however,
that dataon human and herbivore populationsrep-
resent current conditions, so the period of Ssmu-
lationsaredesignated 0to 15 years.

We created and assessed acontrol mode (see
Booneet dl., in pressfor assessment), designed
to represent conditionsin NCA inthelate 1990s.
Wethen conducted aseries of experimentsand
compared theresultsto the control model. Note
that the control model wasintended to emulate
current conditions, but only in selected ways. For
example, cultivation occursonNCA, but the con-
trol doesnot includecultivation. Thisalowsusto
make more straightforward comparisonsin ex-
periments, comparing someleve of cultivation
agang none.

Southern Kajiado District
Thelandscape used in the K gjiado applica
tion of SAVANNA included the southern half of
Kgjiado District (Figure7.1), an areaof 10,732
kn?. A vegetationmap (3,112 k) of the Grester
Ambosdi Ecosystem created by F. Atieno (Atieno
2000) of the International Livestock Research
Institute (ILRI), was used as adependent vari-
ableinaclassficationtreeanaysis(Breiman et
al. 1984). Fifty independent variables (e.g.,
NDV | vegetation greennessprofiles, soils, dope,
coarser land cover maps) were used to predict
the occurrence of vegetation typesin the map.
Theresulting classification tree was used to ex-
trapolateresultsacrosstheentirearea, yiddinga
predicted vegetation map for thestudy area. For
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the areamapped by Atieno, the agreement be-
tween the original and derived map was good
[Cohen’s Kappa statistic, 0.6333 (Landis and
Koch 1977)]. Detailed soilsinformation came
fromamap of soilsfor theAmboseli Ecosystem
compiled by the KenyaMinistry of Agriculture
andtheMinigry of TourismandWildlife. Weaug-
mented that map using the “ Soils and Terrain
Database’ compiled by the Republic of Kenyain
1995. Elevation, slope, and aspect were gener-
dizedfromadetailed digitd eevationmodel cre-
atedat ILRI. Draft water source mapsweregen-
erated fromwater sourcesprovided to ILRI from
theMinigry of Agriculture. These Gl Slayerswere
generdizedtothreeresolution, witheach cell 1 x
1km, 2.5x 2.5km, and 5x 5km. To-date, analy-
ses have only been conducted at the 5 x 5 km
resolution.

Inthe Kgiado District application, 7 plant
functiona groupsand 11 animd functiona groups
wereused (Table 7.2). The plant groupsinclude
swamps, whichweremodeled in SAVANNA by
simulating an extremely shallow water table. In
the control model, weincluded 150,000 cattle,
220,000 goats, and 180,000 sheep. Inaddition,
weincluded 15,000 wildebeest, 16,000 zebra,
1,400 buffalo, 4,025 grazing antel ope, 18,855
brows ng antelope, 4,000 giraffes, 500 warthogs,
and 900 el ephants. Thesevalueswere extracted
from chartsinde Leeuw et a. (1998) reporting
Kgjiado herbivore numbersand corrected for our
smdler sudy area. Wed so used wildlifeestimeates
provided by the Kenyan Department of Resource
Surveysand Remote Senaing (DRSRS) and com-
piled by M. Waweru (ILRI and DRSRYS).
DRSRSa so provided herbivoredistribution data
based upon aerial surveyswhich were summa-
rized by M. Waweru. We created maps of ani-
mal ditributions, then compared themto our Smu-
lated animd digtributionsto ensureredism. Other
parameters were set based upon the existing
NCA-SAVANNA application, other applications
(e.g., Coughenour 1992; Kiker 1998), field work
associated withtheIMA S project, including veg-
etation surveysby F. Atieno, and expert opinion.
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Plants

Herbs
Palatablegrasses
Paatableforbs
Unpal atable herbaceous
Swamps

Shrubs
Pd atable shrubs
Unpaatableshrubs

Trees
Deciduouswoodlands

Animals

L ivestock
Catle
Goat
Sheep

Wildlife
Wildebeest
Zebra
Buffdo
Grazing antelope
Browsing antelope
Elephant
Gireffe
Warthog

Table 7.2. Functional groups used in the Kgj-
SAVANNA gpplication. Grazing and brows-
ing antel opesinclude severa species.

Climateinformation wasavailablefrom 1969 to
1998, and we used a 15-year period (1978 to
1993) that had arange of climatic responsesin
our smulations. AsinNCA-SAVANNA, because
the model was parameterized to represent cur-
rent conditions as much as possible, yearsare
labeled 0to 15.

We used three experimentsto demonstrate
theutility of the GL-CRSPIMAStoolsinKgiado
District. These experimentsreflect changesin
ownership patternsasgroup rancheswereputin
place, the effectsof isolating Amboseli National
Park, and the use of the swampsin the system.
Many other questions could be explored; these
were selected asabrief demonstration only.
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RESULTSFROM SIMULATION
EXPERIMENTS

Ngorongoro Conservation Area

We conducted 16 analysesusing the NCA-
SAVANNA applicationwhichreflected manage-
ment gquestions under six broad categories: 1)
changesinrainfdl, 2) changesinlivestock popu-
lations, 3) improvementsin veterinary practices,
4) dtered accessto grazing areas, 5) changesin
water supplies, and 6) changesin human popula-
tionsand associated cultivation. Thefollowing
sections summarizetheresults of each of these
experiments.

Changes in Rainfall — Drought

Our initid experiment explored how thesmu-
lated system would respond to a drought.
Droughts are a common occurrence in the
Serengeti Ecosystem influencing thedynamicsof
the system and the M aasai inhabitants (Galvin et
al., inpress). Werepresented drought by reduc-
ingrainfal duringyears9and 10 of thesmulation
(i.e., 1983 and 1984) by 50% (Figure 7.2). In
general, the ssimulated ecosystem responded as
expected to drought. Vegetation biomass de-
creased during the s mulated drought with shrub
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Figure7.2. Rainfall was decreased by 50%in
years9 and 10to exploretheresponse of the
model to drought. Theshaded areahighlights
thechangeput in-placeinrainfall.
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biomass, averaged over theentirestudy area, de-
clining from 150 g/m?to 100 g/m? (Figure 7.3).
Green leaf biomassdeclined by one-third during
thedry season. Annual net primary productivity
for pal atabl e grasses decreased by 50 g/m?, for
example (Figure 7.4). The number of cattlede-
clined by about 20,000 animalsasaresult of the
smulated drought.
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Figure7.3. A reductionin shrub biomassacross
the study area, in response to adrought in
years9 and 10. Thedecreasein shrub biom-
assisshaded for emphasis.
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Figure7.4. A decreasein accumulated annual
net primary productivity in response to a
droughtinYears9 and 10.
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Changes in Rainfall — Rainfall Pattern

Res dentsand ecol ogists have noted that the
distribution of rainfall during theyear caninflu-
ence ecosystem status as much or morethan to-
tal rainfal (Ellisand Galvin 1994). For example,
IMAS team members that had worked in the
Turkana District of Kenya noted that yearsin
whichrainfall wasmore evenly distributed had
moreforage production than wet yearsinwhich
heavy rainsfdl inasinglemonth.

To conduct an experiment reflecting thisob-
servation, we modified observed rainfall remov-
ing 1% of rainfall from the five wettest months
and adding 1% of rainfdl tothefivedriest months
(Figure7.5). That is, thereisan average monthly
distribution of rainfal in Ngorongoro Conserva
tionAreaaveraged over 30 yearsof rainfal mea-
sures(theopencirclesin Figure7.5). Weadltered
thedistribution of rainfall throughout theyear for
all years. That modification made comparisons
between resultsfrom thisexperiment and thecon-
trol model invalid. Wetherefore generated an-
other rainfall dataset that had the average annua
rainfall pattern (theopencirclesfrom Figure7.5)
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Figure7.5. A changeintheaverage proportion
of annud rainfal occurringineach month, put
in-placeto explorethe effects of more even
ranfal ontheNCA-SAVANNA results. For
thefive wettest months, 1% of rainfall was
removed, and 1% of rainfall was added to
thefivedriest months.
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appliedfor every year, with each year il retain-
ingitsobserved quantity of rainfall. A smulation
wasrun using that rainfall data, and theresults
served asacontrol model for useinthisexperi-
ment only. (Thesedetail sadded rigor to our com-
parisons, but in practice, theresultsfor the nor-
mal control model and thiscontrol model were
very Smilar. Apparently, themonthly variationsin
rainfal acrossyearswerenotimportant influences
intheNCA-SAVANNA model.) Findly, theex-
perimentd rainfal dataweregenerated by remov-
ing 1% of rainfall from each May, June, July, Au-
gust, and September, and adding 1% to each
December, January, February, March, and April.
Overdl, withinthelimitsof rounding errors, the
amount of rainfal ineach year remained thesame
intheexperiment and control Smulations.

Therdatively minor modificationsin the pat-
ternof rainfal reflectedin Figure7.5 had adra
matic effect uponthes mulated resultsfrom NCA-
SAVANNA. Therewasalargeincreaseindry-
season green biomass (e.g., Figure 7.6aversus
Figure7.6b). Somewildlife populationsincreased
markedly (Table 7.3), with browsing antel ope
outsidethe crater increasing 49% and warthogs
31%, for example. Small livestock increased as
well, by amoderate amount (Table 7.3). Cattle
populationsdeclined; in-part the moderate popu-
lation changesin livestock weredueto amortal-
ity source being included to emulate tick-born
diseases (see Chapter 6). Mortality increased if
livestock inhabited areas of high elevation or of
increased rainfal. Inthe experiment, totd annual
ranfal wasthesameasthecontrol, but therewere
morewet months.

Herewe quantified straightforward changes
inthe NCA ecosystem to introduce thetypes of
output available and the appropriateness of the
responses. However, the GL-CRSPIMAStools
may be used to fine-tune Maasai response to
drought. Livestock may be scheduled to move
about the landscape in predetermined patterns,
with those patternsmodified to optimizeresource
useduring adrought.
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Figure7.6. Biomass estimatesin the control model (a) show large changesin standing herbsand
trees, with herbs declining to 50 to 70 g/m? during the dry season (including grasses of the
Ngorongoro Highlands, whichislessarid). When small changeswere madeto balancerainfall
more evenly throughout the year (b), standing biomassincreased significantly. Herbsinthedry
season, for example, remain > 100 g/m?inmost years.

Animal group Change (%)
Livestock
Cattle -9.34
Goat 6.36
Sheep 6.02
Wildlife
Resident
Wildebeest 0.00
Zebra 16.61
Grazing gazelle 10.88
Crater
Buffalo 4,94
Browsing antelope 5.23
Area
Buffalo 3.61
Browsing antelope 49.24
Elephant 4.43
Rhinoceros 2.45
Giraffe 9.60
Warthog 30.80

Table7.3. Percentage changesin animal popu-
lations when rainfall is more balanced.
Migratory animals are not shown because
their populations were not model ed.
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Increased Livestock Populations —
Populations changing

The numbers of livestock in Ngorongoro
Conservation Areahave beenrelatively stable
over the last 40 years (Kijazi et a. 1997), a-
though there has been a shift toward
pastoralistskeeping moresmall stock. Themost
recent population estimatefor cattle (117,300)
and small stock (164,049) from NCAA (1999),
continuesavariable, but relatively flat, trend for
cattle and suggestsaleveling-off inthe popula
tionfor small stock over thelongterm (Kijazi et
al. 1997).

Although livestock populations have been
relatively stable, the human population has not.
Human populations have increased at an an-
nual rate of approximately three percent
(NCAA 1999) duetoimproved hedlth care, etc.,
but aso because of immigration. Becauseof this,
inNCA the number of animals per person (mea-
suredintropica livestock units) hasfallen below
(Lynn 2000) thevaluecommonly takentorepre-
sent the minimum needed to maintain apastoral
lifestyle (Dahl and Hjort 1976; Galvin 1992).
Thereare, therefore, pressuresand ongoing ef-
fortstoincreaselivestock populaionsintheNCA
(Sorensen and Moshi 1999). WeusedtheIMAS
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toolsto assess potential ecological effectsof in-
creasing thenumber of livestock onNCA. Live-
stock populationswereincreased by 50%, with
cattlegoing from 105,468t0 158,202, goatsfrom
130,000 to 195,000, and sheep from 63,000 to
94,500.

When simulated, livestock populationsre-
mained relatively stableuntil adry periodinthe
1980s. Then cattle popul ations declined sharply
(Figure7.7), with smaller declinesin goatsand
sheep (Figure 7.7). Declinesare evident aswell
inthe conditionindicesof thelivestock (Figure
7.8), which summarizethe body weightsof indi-
vidualsin the popul ation and comparetheresult
to anideal range. Changesin vegetation offtake
wereevident, with offtake declining after thede-
clinesinlivestock (Figure7.9). Wildlife popula-
tionsdeclinewith morelivestock present (e.g.,
resident zebra -47%, area buffalo -55%, resi-
dent grazing antel ope-26%, e ephants-54%, and
warthog -50%), in part, becausein thesmulation
wildlife avoid, to adegree, areas occupied by
pastoralistsand their livestock. Other wildlife
popul ations (resident wildebeest, crater buffalo,
crater browsing antelope, rhinoceros, giraffe)
show little or no change because livestock are
excluded fromtheir grazing areasor thereislittle
overlapindiets.
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Figure7.7. When livestock populations were
elevated 50%, cattle populations declined
sharply during adry period.
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Figure 7.8. When livestock populations were
elevated 50%, livestock condition indices
declined sharply during adry period.
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Figure7.9. Annua accumulated offtake declined
followingthecollgpseinthenumbersof cattle
onthesystem.

Increased Livestock Populations —
Populations Constant

It seemsunlikely that the Maasai or authori-
tieswould allow cattle populationsto decline so
rapidly. A morelikely scenario would befor popu-
lations to be supported by donor agencies or
maintained at agiven level under governmental
regulation. Switchesin SAVANNA may be set
so that in ssimulations, popul ationsare kept con-
stant. We repeated these anal yses, keeping the
livestock popul ations constant. Standing biom-
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assfor palatable grass|eaves declined steadily
during the 15 year simulation from apeak of 44
g/m?inthelast year to 35 g/m?. Similar declines
weresmulated in palatabledead materid. Incon-
trast, unpal atable herbaceous leaf biomassin-
creased over time (Figure 7.10). Asinthe previ-
oussmulation, somewildlifepopulationsdeclined
under increased livestock density (Figure7.11),
whereas othersdid not decrease because of spa-
tial or dietary separation (e.g., Figure7.12).
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Figure7.10. When livestock populationswere
elevated 50% and held constant, unpalat-
ablegrassesincreased throughtime, with the
increase shaded for clarity.
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Figure7.11. Somewildlife populations, such as
el ephantsand warthogs, decreased when live-
stock wereincreased by 50% and constant.
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Figure7.12. Somewildlife populations, such as
rhinoceras, which only occur in Ngorongoro
Crater, did not decline in response to in-
creased livestock populations, becauselive-
stock cannot usethe Crater.

I mproved Veterinary Practices

Disease is the primary cause of livestock
mortality in NCA (Rwambo et al. 1999).
Rwambo et al. (1999) cite the need for the
development of alivestock management pro-
gram that will control tick-born and infectious
diseases in the NCA. Some progressis being
made toward that end by NCA Authority per-
sonnel and the Danish International Devel op-
ment Assistance organization (Sorensen and
Moshi 1999), with efforts underway to im-
prove veterinary practicesin thearea. We used
the SAVANNA modeling system to quantify the
benefitsthat can beexpected fromimproving vet-
erinary care. Administratorsmay usetheIMAS
estimates of benefits and the known costs of
implementing projectsto assesstheoverdl utility
of proposed programs.

Resultsfromthe previoussection demondrate
that livestock populations cannot be allowed to
increaseindefinitely without dramatic changesin
the ecosystem. Our allowing populationstoin-
creasewould confound results of improved vet-
erinary practicesand increased livestock popu-
lations. Instead, in these experimentswecull the
livestock tomaintain relaively sablepopulations.
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Thereisalready some portion of animalsinthe
control model that are sold or daughtered by the
Maasal. Thenumber culledintheseexperiments
represent additiona animalsthat theMaasai may
s, daughter, or trade. Cattlewereculledif their
population exceeded 125,000, with the total
popul ation reduced to 120,000. Goats and sheep
wereculledif their populationsexceeded 160,000
and 80,000 respectively, with each population
reduced by 5,000 animalswhen culled.

Thefollowing sections sometimescitehigh
mortalitiesfrom disease, but aso high probabili-
tiesof survival inthe SAVANNA application. This
apparent contradictioniscaused by the sources
of mortdity in NCA-SAVANNA which are split
between agenerd sourceof “mortality” that cap-
turesd| sourcesthat might removean anima from
the system (e.g., death by old age, selling, trad-
ing), except tick-borne di sease and acomponent
that representstick-borne disease. Genera sur-
viva probabilitiesmay behigh, but they exclude
lossesfrom tick-bornedisease, which can be sub-
stantial (Rwambo et a. 1999).

I mproved Veterinary Practices—
Survival of Young

Lossesof first-year livestock inNCA dueto
diseasecanbehighly variable, from 15%to 75%
(Rwamboet d. 1999). Weincreased femaecalf
aurviva from80%1t0 87%, mdecaf surviva from
75% to 82%, femalekid survival from 74%to
81%, malesfrom 68% to 75%, femalelamb sur-
vival from 73%to 80%, and malelamb survival
from 71%to 78%. When simulated, every few
yearstherewere up to 4,500 additional cattlethat
could besold or daughtered (Figure 7.13), up to
5,000 additional goatsamost every year (Figure
7.14), and up to 4,500 sheep that could be sold
or slaughtered every two to threeyears (Figure
7.15).

I mproved Veterinary Practices—
Birth Rates

Birthratesare, to alarge degree, determined
by the gestation period of herbivoresand arerela
tively stable. However, SAVANNA incorporates
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Figure 7.13. Cattle culled when juvenile sur-
vival for livestock was increased by 7%.
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Figure7.14. Goatsculled whenjuvenilesurviva
for livestock wasincreased by 7%.

birth ratesasapercentage of animalsproducing
offgpring each year, whichincludestheintrinsic
birth ratesand possiblereductionsin birthsdue
toinfertility or abortionsfrom poor body condi-
tion. Improved veterinary care may decreasethe
number of infertilefemal es or aborted pregnan-
cies.

Toassessthe potentid vaueof increased birth
ratesfromimproved veterinary care, weincreased
birth ratesfor livestock by 5% (i.e., cattlefrom
64% to 69%, goatsfrom 83% to 88%, and sheep
from 82% to 87%). The overall results of the
gmulation show thet increased birth ratesmay leed
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Figure7.15. Sheep culled whenjuvenilesurviva
for livestock wasincreased by 7%.
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Figure7.17. Goats culled when livestock birth
rates were increased by 5%.

torelatively few additional animalsbeing avail-
ablefor the Maasai to sell or slaughter. About
every fiveyears, cattle popul ations had built-up
enough to warrant culling 4,000 (Figure 7.16).
About 2,000 goatswereculledinall but thedri-
estyears(Figure7.17), and only asingleculling
event occurred for sheep (Figure 7.18).

Veterinary Practices —
Adult Survival

Using resourcesto improve veterinary care
can be expected to increase adult livestock

survival. NCA-SAVANNA can estimatewhat the
benefitsof that improved survival would be, al-
lowing managersto balance costsand benefits.
To estimatetheeffect of increased adult livestock
survival, separate fromtick-bornediseaserela
tionshipsthat were atered in asucceeding ex-
periment, weincreased overall survival by 5%
for each group. Female cattle survival wasin-
creased from 92% to 97%, female goats from
82%10 87%, and sheep from 83%to 88%. Mae
cattlesurvival wasincreased from 82% to 87%,
goatsfrom 75% to 80%, and sheep from 73%to
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Figure7.16. Cattle culled when livestock birth
rateswereincreased by 5%.
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Figure7.18. Sheep culled when livestock birth
rateswereincreased by 5%.
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78%. When smulated, NCA-SAVANNA results
suggested that the effects of improved adult sur-
vival are dramatic. In wet periods, there were
between 4,000 and 7,000 additional cattleavail-
abletothe Maasai for sale or slaughter, and in
drier periods, from 5,000 to 8,000 cattle could
beculledinaternateyears (Figure 7.19). Thou-
sandsof additional goatswereavailablefor cull-
ing every year (Figure7.20), and several thou-
sand sheep were culled every other year (Figure
7.21).
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Figure7.19. Cattle culled when adult livestock
survival wasincreased by 5%.
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Figure7.20. Goats culled when adult livestock
survival wasincreased by 5%.
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Improving Veterinary Practices —
Reduced Disease

Ecologistsworking in Ngorongoro Conser-
vation Areasuspect that cattle populationshave
been at |evel shelow what the system might oth-
erwisesupport because of diseases. Asdescribed
in Chapter 2, Maasai do not herd their cattlein
the short grass plainsduring the wet season be-
cause of therisk of the cattle becoming infected
with malignant catarrha fever, spread by wilde-
beest. Instead, the cattle are confined to the mid-
lands and highlands during the wet season, in-
creasing their exposuretoticksthat can spread
diseases, such as East Coast fever. Effortsare
underway to reduce mortality from tick-borne
diseases (Sorensen and Moshi 1999). We modi-
fied NCA-SAVANNA to include a source of
mortality emulating tick-bornediseasesin agen-
erd way. Inthedraft modification, livestock mor-
tality increased if they inhabited high-elevation
areasor areas of increased precipitation. Using
themodel, we provided agenerd estimate of the
benefit of reducing mortdity fromtick-bornedis-
€ases.

Inthe experiment, we reduced mortality due
totick-bornediseasesby half by adjusting anin-
dexinNCA-SAVANNA. Theresultsof thesmu-
lation suggest that tick-bornediseasesareanim-
portant source of mortality, and reducing that
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Figure7.21. Sheep culled when adult livestock
survival wasincreased by 5%.
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mortdity addsthousandsof additiond animasthat
may be culled. Between 4,000 and 8,000 cattle
were removed annually when disease was re-
duced (Figure 7.22). Twoto four thousand goats
would beculled each year (Figure 7.23) and about
4,000 sheep wereculled every few years(Figure
7.24).

Becauseanimaswereculledin each of these
analyses, livestock populations did not show
marked changes; if apopulation grew abovethe

cut-off, it wasreduced and the culled animal stal -
lied. Thus, inthis section we show few ecosys-
tem effects, because they were minor. For ex-
ample, wewould expect shiftsinthe proportions
of livestock ineach age classasmoreanimasare
produced and culled, as was demonstrated.
Therewere also somesmall changesin the con-
ditionindices(e.g., Figure 7.25) and populations
of wildife
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Figure7.22. Cattle culled when disease associ-
ated with high élevation areasand wet areas
wasreduced by half.
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Figure7.24. Sheep culled when disease associ-
ated with high élevation areasand wet areas
wasreduced by half.
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Figure7.23. Goats culled when disease associ-
ated with high élevation areasand wet areas
wasreduced by half.
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Figure7.25. Thereductionin elephant condition
index ishighlighted, when disease associated
with high and wet areaswasreduced by half.
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Grazing Access— The Craters

Maasai and their livestock were excluded
from Ngorongoro Crater in 1974 (see Runyoro
et al. 1995). Today they are allowed to enter
Ngorongoro Crater to accesswater and miner-
as, but cannot remain to graze. Olmoti and
Empakaai Cratersareessentialy closed aswell,
although OImoti is used asadry-season grazing
refuge. Managersand Maasal may wishto know
how theselimitationsaffect livestock production
and wildlife conservation; IMAStoolscan pro-
vide somepredictions.

In SAVANNA, habitat suitability for animals
iscal culated based upon forage quality and quan-
tity, dope, elevation, thickets, etc., and then that
suitability canbemodified by vaueswithinmaps
storing thelikelihood of animalsoccupying Sites.
Inthesemaps, called force maps, areasassigned
avalueof Owill not beused at all by theanimal
group to which the map applies, whereas areas
with avaueof 100 may beused fredly. Interme-
diate valueslead to intermediate use, assuming
habitatsare suitable. Many typesof management
questions can beaddressed by modifying theva-
uesintheforce maps. Inthe NCA-SAVANNA
application, theforce mapsfor livestock contain
Ovaluesfor the craters, including Ngorongoro
Crater (Figure 7.26), preventing livestock from
using the sites. In the experiment, we removed
that limitation (Figure 7.27).

When smulated, cattleused thenewly avail-
ablehabitat of Ngorongoro Crater, for example
(Figure7.28aversus 7.28b), asdid sheep. The
grasdand habitatsin Ngorongoro Crater are not
ideal for goats, and so their distributionsdid not
change markedly when craterswere madeavail-
able. Livestock populationsdid not change mark-
edly however, in-part because of therelatively
small grazing areasadded by allowing animasto
usethecraers. Inaddition, thedraft disease modd
includedin NCA-SAVANNA causesmorelive-
stock to dieif inhabiting wetter, higher areas, like
Ngorongoro Crater. Animal groupsrestricted to
Ngorongoro Crater, such asrhinoceros, declined
when cattlewere present (Figure 7.29).
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Figure7.26. Theforcemap for cattleinthewet
season, used toinform SAVANNA of restric-
tion on anima movementsnot necessaily re-
lated to habitat suitability.
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Figure7.27. Anexperiment alowing livestock
to usethecratersmay besmulated by alter-
ing the force map as shown. Note that the
light-colored craters from Figure 7.26 are
shaded dark in Figure 7.27.

Grazing Access — Theft
In Aikman and Cobb (1997), the authors
describe how Maasai herdsman would not
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Figure7.28. Cattledistributionsin salected months(for year 3 of the smulation). Inthe control model
(8), cattlewereexcluded from Ngorongoro Crater, for example. In an experiment (b), cattle made

useof Ngorongoro Crater.
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Figure7.29. Therhinocerospopulation declined
when livestock were allowed to use
Ngorongoro Crater.

endorserepairing water sourcesinthe southwest-
ernportionsof NCA becausethethreat of live-
stock-raiding by the Wasukumawas too great
for thesitesto beused. T. McCabe, an expert on
Maasai movementswithinthe NCA, confirmed
that risk and defined the areaof conflict spatialy.
Wethenincorporated therelationship into NCA-
SAVANNA by reducingforcemapvauesinthose
areas of risk inthe control model (e.g., Figure
7.30). Inan experiment, weremoved therestric-
tion upon grazing in the southwest by atering the
livestock forcemaps(e.g., Figure 7.31).
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Figure7.30. Theforcemap for goatsin thewet
season. Thelightly shaded areasinthesouth-
west aresiteswherelivestock-rustlingisa
threat and are avoided.

Theresultsfrom the s mulation suggest that
cattleand goats (Figure 7.32) would find the habi-
tatsto thesouthwest suitable. A few hundred goats
and about 3,000 additiond cattlewere supported
on NCA when security inthe southwest wasim-
proved, and the conditionindicesof thelivestock
improved incrementally. In the control model,
wildlifeinhabit thesouthwest with somerelief from
competing with livestock. When security isim-
proved and livestock move in, some wildlife
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Figure7.31. Modifying themap showninFigure
7.30in an experiment representsimproved
security, allowing cattleto usethe areas of
Ngorongoro to the southwest.

Figure7.32. When the threat of livestock rus-
tling in the southwest of the study areais
removed, goatsusethe areaas shown by the
dark shading to the southwest. April of the
third year of thesmulationisshown.

groupsdecline. Resident zebrapopul ations de-
creased by 14%, and elephant populations de-
creased by 18%. Asshown in Figure 7.33, el-
ephantsthat had inhabited the southwest in the
control s mulation were excluded in the experi-
menta Smulation.
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Figure7.33. When the threat of livestock rus-
tling in the southwest of the study areawas
removed, elephant densitiesin those areas
declined. April of thethird year of thesmula
tionisshown.

Grazing Access — MCF Eliminated

Asdescribed in Chapter 2 and elsewhere,
Maasal cattle are not grazed on the short grass
plains during the wet season because of the
risk of their beinginfected withthevirusthat causes
malignant catarrhal fever (M CF). Wildebeest
moveinto the plainsof Ngorongoro during the
early wet season, peaking inApril, and givebirth
toyoung. Theseyoung wildebeest arebornwith,
or soon becomeinfected with, theagent causing
MCFinadult cattle. The health of thewildebeest
calvesisnot damaged by theagent, but their na-
sal and ocular secretions can spread to grasses
asthey feed. Adult cattle that come in contact
with that grasswhiletheagent isstill viablecan
becomeinfected with M CF, with almost 100%
mortdlity.

Of coursein practice, we cannot eliminate
MCF as the section heading suggests, but us-
ingtheIMAStoals, we can explorepotential re-
percussionsof the existence of MCF by remov-
ing itinamodeling exercise. What would bethe
return on theinvestment required to createavac-
cinefor MCF?How important istheavoidance
behavior of Maasal herdersin preventing cattle
deaths? Simul ations can provide someestimates
as answers to these questions. In practice, the
experiment was conducted by altering the cattle

Chapter 7 88



force map to remove the wet-season avoidance
of short grassplains (Figure 7.34 versus Figure
7.26), andrunningthe SAVANNA smulation. The
output from that s mulation representing weekly
estimates of wildebeest and cattle popul ationsfor
each cdl inthemap served asinput into our MCF
disease modeling program (see Chapter 9 for
details). Thesame procedurewasfollowed using
the NCA-SAVANNA control model andthere-
sultscompared.

Resultsfromasimulation allowing cattleto
usethe short grass plains during the wet season
confirmthat cattle will make use of thesethou-
sandsof additional squarekilometersof grazing
lands, regardless of competition with wildebeest
(Figure7.35). Cattle popul ations continued to
grow throughout thesimulation, and at theend of
the 15 year period, therewere 18% (at 132,500)
above populationsinthecontrol model (112,500).
Goat and sheep conditionindicesdeclined dightly
and their popul ations declined by 1%. Changes
inthepopulationsof wild herbivoreswere minor
(4% or less), but changesin migratory popula-
tions of wildebeest were not modeled because
their entirerangewas not included in NCA-SA-
VANNA. Thus, thisapplication cannot address
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Figure7.34. Thewet seasonforce map for cattle
wasmodifiedinanexperiment todlow cattle
tousetheshort grassplains.
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Figure7.35. Dramatic differencesin thedistri-
bution of cattle were seen when they were
allowed to usethe short grassplainsinthe
wet season. April of thethird year of thesmu-
lationisshown.

what the effects on wildebeest would be of al-
lowing cattle onto the Serengeti plainsduringthe
wet season.

Inredity, wewould expect hundredsor thou-
sands of cattleto diefrom MCF if theanimals
wered|owed to grazeamongst wildebeest caves.
The M CF component of thelM A Sdisease mod-
eling effort suggeststhe same (Figure 7.36). In
the control model, weekly lossesto MCF are
relatively minor and clustered in thefoothills of
Ngorongoro. When cattlewerealowed to graze
intheshort grassplains, weekly lossesto MCF
weremuch higher (Figure 7.36).

Water sources — Restoration

The NCA includes the driest areas in the
Serengeti Ecosystem, in the rain shadows of
the Ngorongoro Highlands and Gol Moun-
tains, with 450 mm of rain per year (Campbell
and Hofer 1995). Natura water sourcesare used
by wildlifeand livestock, with primarily livestock
benefitting from additiona water sourcesthat have
been constructed. Most of the 29 water systems
constructed had failed when Aikman and Cobb
(1997) conducted their surveys, finding 10 of the
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Figure 7.36. Many more cases of MCF were
predicted to occur if cattle were to graze
amongst wildebeest, without other forms
of mitigation. Thefirst week of April of the
third year of thesmulationisshown.

v

Figure7.37. Thedistance-to-water map for the
dry season used in the control model. Dark
areasarenear water, light areasfurthur away.
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sitesworking. The Danish International Devel-
opment Ass stance organi zation issupporting ef-
fortsto restore some of those abandoned water
systems(C. Sorensen, pers. comm.).

The SAVANNA modeling system incorpo-
rateswater sourcesby including distancetowa-
ter maps(e.g., Figure7.37). Theseareused while
caculating habitat suitability for animal groups,
cdllsthat aretoo distant fromwater will receivea

€92 Globa Livestock CRSP, IMAS Report. 2001

lower habitat suitability than those that are near
towater, if appropriatefor thegivenanimal. Ar-
easthat are near to water tend to have high den-
sitiesof animalsand high offtake, and thosefar
fromwater havelow densitiesand low offtake.
Assuming that geographic information system
(GIS) softwareisavailable, itisagtraightforward
matter to add or removewater sourcesin experi-
mentsthat represent management decisions. Here
werestored the 20 water systemsAikman and
Caobb (1997) showed had failed. That is, weplot-
ted thosewater systemsinaGI S, added themto
theexisting suite of water sources, and recal cu-
|ated the three distance-to-water mapsused in
NCA-SAVANNA for thewet, transitional, and
dry seasons. Theresulting distance-to-water maps
(e.g., Figure7.38) represent experimentsbal anc-
ing the costs of restoring water systemsagainst
thebenefits.

Our simulation resultssuggested that restor-
ing the water systems of NCA that had failed
would redistributeanimalsacrossthearea(e.g.,
Figure 7.39), with most of the changesoccurring
near the center of the study area near Olduval
Gorge. Accumul ated offtake of vegetation shows
aredigtributionaswell (Figure7.40). Only minor
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Figure7.38. Thedistance-to-water map for the
dry season atered by restoring failed water
sources. Dark areasare near water, light ar-
easfurther away.
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Figure7.39. Theditribution of cattleduring July
was altered when additional water sources
wereincluded.
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Figure7.40. Accumul ated offtakefor thethird
year modeled shows that the distribution
of offtake was altered when there were
additional water sources.

changesinwildlife populationsoccurred inre-
sponse to additional water sources, with re-
sponses specific to the ecology of the animal
group. For example, wart hog conditionindices
improved about 4% with additiona water sources
dueto additiond habitableareasavailable. Incon-
trast, e ephant conditionindicesdeclined by about
4% because areasthat wererdatively distant from
water, which elephants could use without com-
peting with other animals, werenolonger distant
from water and had higher dengtiesof animasin

generd.
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Water Sources— Used by Lodges

Because NCA has limited water sources,
water use by tourist lodges can be acontentious
issue. In NCA, there are lodges along
Ngorongoro Crater rim and alodge near Lake
Ndutu in the northwest. To assess potential im-
pacts of water use by the occupants of these
lodges, we modified thewater source mapsused
in NCA-SAVANNA, removing water sources
that werewithin 1 km of lodges. Water for Ndutu
Lodgeishauled by truck, so theexperiment meant
modificationsto water sourcesnear Ngorongoro
Crater (Figure7.41). When model ed, thechange
in herbivoredistributionswasminor, asmight be
predicted fromthesmal changeinthemeandis-
tanceto water inthemaps(10.2kmto 10.5km).
Changesinrange conditionsand herbivore popu-
|ationswere minor. However, populationsof ani-
malsthat inhabited Ngorongoro Crater did de-
cline, such asbrowsing antelope (Figure 7.42).

Households and Cultivation

Overdl, thehuman populaioninal999NCA
censuswas 51,621, and the population increased
at morethan 3% per year, with some of that in-
crease due to immigration (NCAA 1999; see

Figure7.41. Thedistance-to-water map for the
dry season, with water sourceswithin 1 km
of lodgesremoved from consideration..
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Figure7.42. A decreasein browsing antelope
that inhabit Ngorongoro Crater was seen
when water used by lodges was removed
from consideration. Thedifferencefromthe
control model isshaded for emphasis.

Chapter 8for moredetails). Cultivationwasout-
lawedinNCA in 1975, but wasrestored in 1992
toimprovethenutritional statusof theMaasai.
Sincethen, theareacultivated hasincreased to
about 5,000 ha (derived from Smith 1999).
Methodsto limit thenumber of peopleinhabiting
NCA have been proposed (NCAA 1999), but in
the near-term, we anti cipate the popul ation and
areaunder cultivationto continuetoincrease. We
can use the IMAStoolsto assess potential ef-
fectsof human populationincreaseand cultiva
tiononwildlifeandlivestock.

We modified the SAVANNA model (see
Chapter 6) toincorporate households and cul-
tivation into the Gl Sdatabases. Inthemodified
model, househol dswere placed depending upon
their digtributionina 1991 aerid survey of bomas
(i.e., groupsof households), and cultivated areas
were associated with households (Figure 7.43).
Cultivated areaswerenot availabletowildlifeor
livestock. Notethat theinformation reported here
isused in the socioeconomic modeling reported
in Chapter 8, but that chapter includesan addi-
tiona modeling component (i.e., PHEWS) yield-
ing additional detail. Inthischapter, wereport
samulated effectsonwildlifeand livestock only.
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Figure7.43. A map showingrelativedensitiesof
househol ds used to guide the placement of
new householdsin NCA-SAVANNA. The
map was generated based on boma (i.e.,
groups of households) densitiesin a1991
aerial survey (K. Campbdll, pers. comm.).

Households and Cultivation — Growth
Maasai pastordistsgeneraly havean annual
population growth rate of about 3% per year
(Homewood and Rodgers 1991). We used the
IMAStoolsto assessthe potential effectsof such
apopulationgrowth and alinearly related growth
incultivation onwildlifeand livestock. A survey
from 1994 showed the average household site
(i.e.,, oneman, wives, and children) of 10 people
(Natura PeoplesWorld/NCAA censussummary
data). Therefore, weincluded 5,000 households
in the NCA-SAVANNA experiment, totaling
50,000 people. Three household weal th catego-
rieswereusedinthemodd, withtheaveragearea
in cultivation per household at 0.95 ha (Smith
1999), yidding astarting valuefor cultivation of
4,727 hafor NCA. In analyses, theresults after
15 years of population growth were compared
tothe control modd, which did not includehouse-
holdsor cultivation.
Thesimulation resultsincludeasimplegeo-

metricincreaseof household and cultivation (Fig-
ure 7.44), with householdsincreasing over al5
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year simulation from 5,000, and cultivationin-
creasing from 4,727 to 7,293. Cultivation was
associated with householdsyieding adistribution
of cultivation (Figure7.45) Smilar tothat of bomas
(Figure 7.43). Overal, therewere few changes
inthepopulationsof wildlifeor livestock, when
the ssmulated populations after 15 yearsof hu-
man population growth were compared tothe con-
trol model (Table7.4).
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Figure7.44. Theincreasein householdsand cul-
tivation. Theinformation plottedisoutput from
NCA-SAVANNA, but alsoisasmplegeo-
metric relationship with householdsand as-
sociated cultivation growing at 3% per year.
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Figure7.45. Thedigtribution of cultivationinthe
beginning and at the end of the simulation.
Cultivation wasdigtributed based onthedis-
tribution of households; thoselook similar.

€92 Global Livestock CRSP, IMAS Report. 2001

Animal group Change (%)
Livestock
Cattle 0.00
Sheep -0.96
Wildlife
Resident
Wil debeest -0.67
Zebra -1.40
Grazing gazelle -0.73
Crater
Buffalo 0.00
Browsing antelope -5.63
Area
Buffalo -2.55
Browsing antelope -0.96
Elephant -241
Rhinoceros -1.69
Girdfe 0.00
Warthog -2.25

Table7.4. Percentagesof changeinanima popu-
|ations when cultivation was compared to
the control without cultivation. Changesin
migratory animal popul ationswere not mod-
eed.

Households and Cultivation —

Cultivation

We have demonstrated that resultsfromthe
NCA-SAVANNA application suggest only small
changesin animal populationsin responseto a
3% growth in householdsand cultivation over a
15-year period of growth. We may predict that
result, giventhat cultivation went from about 0.5%
of theareaat the start of the 15-year simulation
to about 0.75% at theend. (Of course, thedistri-
bution of that cultivationisimportant. If it were
completely bisecting movement routes, for ex-
ample, population-level responses would be
likely.) Tomorefully assesstheeffectsof cultiva
tion on animal populations, we conducted ase-
riesof analyses, varying cultivationfrom 0.5% of
theareato 5% of thearea(Table 7.5) and mak-
ingthat areaunavailabletolivestock and wildlife.
Notethat, whereasdl of the experimenta results
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Households  Coverage
Households (ha) (%)
1,000 5,000 0.5
2,000 10,000 1.0
3,000 15,000 15
4,000 20,000 2.0
5,000 25,000 2.5
6,000 30,000 3.0
7,000 35,000 35
8,000 40,000 4.0
9,000 45,000 4.5
10,000 50,000 5.0

Table 7.5. Simulations used to assess the re-
sponse of animals to cultivation ranging
from 0.5% to 5% of the study area. Each
household was assigned 5 ha of cultiva-
tion. Theareaincluded a5 km buffer around
the 8,300 kn? site, yid ding about 10,000 kn.
Thecontrol modd did not includecultivation
and provided the zero-point inthefigures of
thissection.

described until now had summarized asnglesmu-
lation, in thisexperiment we conducted 10 Smu-
lations (plusthe control, at 0% cultivation) and
report the summarized results. Thisexperiement
isan example of the many types of secondary
andysesthat may be conducted using thedetailed
responses produced and reported by the SA-
VANNA modding system.

Resultsfrom NCA-SAVANNA s mulations
suggest that changesinwildlifeandlivestock (Fig-
ures7.46to 7.49), which have animalsgrouped
according to general population level. Cattle
popul ationsdeclined by about 15,000 animalsat
5% of cultivation (Figure 7.46), whereas goats
and sheep had relatively stable populations. Resi-
dent wildebeest, which mainly inhabit Ngorongoro
Crater, did not declinemarkedly with cultivation
inplace, nor did areabrowsing antelope (Figure
7.47). Resident zebras and grazing antelope,
which are grazers inhabiting areas outside
Ngorongoro Crater, showed larger declines(Fig-
ure7.47). Buffao and browsing antelopethat in-
habit Ngorongoro Crater declined somewhat in
responseto cultivation (Figure 7.48). Thelargest
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Figure7.46. Changesinlivestock populationsin
responsetoincreasing areasin cultivation.
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Figure7.47. Changesin common wildlife popu-
lationsinresponsetoincreasing areasin cul-
tivation.
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Figure 7.48. Changes in uncommon wildlife
populationsinresponsetoincreasing areasin
cultivation.
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Figure7.49. Changesinrarewildlifepopulations
inresponseto increasing areasin cultivation.

changein population occurred for e ephants (Fig-
ure 7.49), with the popul ation declining to 52%
of that of the control mode when cultivation was
5% of thearea. Thisdeclineisdueto the spatial
overlap in the areas selected by el ephants and
those used by Maasai ashousehold sites. Ascul-
tivation expands in NCA, conflicts between
Maasai and el ephants may be antici pated.

Southern Kajiado District

We conducted three sets of experimentsus-
ing the K -SAVANNA application, which are
intended to demonstrate the use of ecosystem
modeling inKgjiado. TheIMASapplicationin
Ngorongoro ConservationAreahasdemonsrated
theflexibility of the modeling system. Herewe
concentrate on experimentsthat directly address
somelong-standing questions about land man-
agement in Kgjiado. Further, these demonstra-
tionsfocusupon changesinlivestock andwildlife
popul ations, with the understanding that any of
the comparisonsof range conditionshowninthe
previoussectionsmay bemadeinKgiado aswell.

Group Ranch Formation

Group rancheswereformedinKgiado Dis-
trict (Figure 7.1) and elsewhereto providejoint
freeholdtitleof theland to ranch membersandto
encourage collective management of theland to
yield the maximum benefit to membersover the
long-term. Kagjiado was the site of the earliest
experimentsin the group ranch concept in 1949,
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andtheDidtrict wasthefirst fragmentedinto group
ranchesinthe 1960s (OleKatampoi et a. 1990).
Thegroup ranch concept wasimplemented with
broad-reaching goas(e.g., rangeimprovement
and stability of ownership), but most goalshave
gone unmet (see Chapters1 and 2 for more de-
talls). Animportant concern withthesub-divison
of Maasai Districts (Figure 7.50) into group
rancheshasbeen thefragmentation of grazingre-
sources. Whereas livestock herders may have
moved animasover thousandsof squarekilome-
tersof landtolocateforagein the past, now their
movements may be limited to the hundreds of
squarekilometers(or less) of agivengroup ranch.
Because of ranch ownership, herders may be
forced to make due with forage on their ranch
instead of moving to better pastureselsewhereas
they hadinthe past (Ellisand Galvin 1994). The
trend to fragment ownership continuestoday, with
amall ranchesowned by individuasbeing crested.

To explore the effects of fragmentation of
ownership on the carrying capacity of areas
within Kgjiado, we selected four sitesfor closer
analysis(Figure7.50). Theseincludeacluster of
group ranchescollectively known asDal a akutuk
(775 km?, when represented using 25 km? cells),
Mbirikani Group Ranch (1,250 km?, based on
the cells modeled), Orkarkar Group Ranch
(25 km?), and an areaof MailuaGroup Ranches
of thesame sizeand shape of Orkarkar, for com-
parisons. Thesesitesincludetwo main compari-
sons. productivity, with Orkarkar and Mbirikani
being more productive than Dalalakutuk and
Mailua; and size, with Dadakutuk and Mbirikani
being large, and Orkarkar and the portion of
Mailuaused being smdl. Wewishto contrast two
scenarios. 1) therdative number of livestock that
could be supported on each of the areas when
livestock werea lowed to move about theentire
study area (10,732 km?), except for fenced ar-
easand Ambosdli Nationa Park wherelivestock
areexcluded, and 2) the number of livestock that
could be supported when they wererestricted to
thegiven areaor group ranch. For each areain
turn, weran the control model and asked Kgj-
SAVANNA toreport anima populationsfor only
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Figure7.50. Maasai Sectionswithin Kgjiado District (a) have been subdivided into group ranches
(b). Thedarker shaded section in Southern Kgjiado istheareaweincluded in IMAS ecosystem
modeling. Theareaswe used in analysesinclude acluster of group ranchescollectively called
Daaakutuk (D), Mbirikani Group Ranch (Mb), Orkarkar Group Ranch (O) and aportion of
Mailua Group Ranch, which are heavily shaded. The boundaries shownin (b) combine some
ranches and exclude smal individual and group ranches. Group ranch boundaries change often.

theareain question. Theresultsof thesesmula-
tionsprovided to usthe numbersof livestock that
occurred on each area, averaged over theentire
simulation. Wethen created force mapsfor the
livestock that confined their movementsto agiven
group ranch, set the populationlevel for livestock
to thelong-term mean for the group ranch, and
repeated thesimulation. Theresultsof thesesmu-
lations provided uswith estimates of thenumbers
of livestock that may be supported onthegroup
ranchaone.

Themost straightforward meansof assessing
the effects of ownership fragmentation wasto
adjust the population level asdescribed and use
forcemapstorestrict livestock to agiven area.
Therewere, therefore, nolivestock outside of the
areaof interest. Inthissetting, wildlife popul a-
tionsacrossthe study stewould bereeased from
competing with livestock, and their populations
would increase, dteringthewildlife populations
ontheareaof interest and invalidating compari-
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sons. To avoid thisconfusion, we used switches
within the SAVANNA model to stop population
changesinwildlifefrom being modeled; acon-
stant number of wildlifeinhabited the study area
throughout thesmulation. Wildlifedistributions
may dtill have been dteredinour smulations, but
those changeswereminor.

TheDaaakutuk region (D inFigure 7.50) is
ardaively arid portion of Kgiado, dthoughmore
productivethan the plains along the Tanzanian
border. In the Kg-SAVANNA control model
with livestock ableto moveto themost suitable
sitesthroughout southern Kgjiado, livestock re-
mainedfairly stablein Daaakutuk. InYear Five
(i.e.,1983), ashort-lived increase occurred when
animasimmigratedfromdtill drier partsof Kgiado
because of adrought (upper linesin Figure 7.51,
aC). Populationsdeclined following thedrought.
When livestock wererestricted to Dalal akutuk
region throughout asimulation, their populations
declined (lower linesin Figure 7.51, a-c). Goats
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were able to maintain populations better in the
shrubby habitats of Dalalakutuk than cattle or
sheep (Figure7.51b versus7.51a,c). Ingeneral
and on average, however, Daa akutuk supported
thousands fewer livestock when they werere-
stricted to the sitethan when thelivestock could
occupy the most suitable habitats throughout
southern Kgjiado.

TheMbirikani Group Ranch (MbinFigure
7.50) is larger and more productive than the
Daldakutuk region, and includesimportant graz-
ing areassuch asswampsand thedopesof Chyulu
Hills. Inthe control model, wherelivestock were
able to select habitats freely from throughout
southern Kagjiado, livestock tended to increase
and then bereduced by drought. InMbirikani, a
dramaticinflux of animasinto theareaoccurred
duringadroughtinYear Five(lower linesin Fig-
ure7.52, a-c), movinginfromdrier portions of
Kgiado. Inasmulationwithasimilar number of
livestock confined to Mbirkani Group Ranch, the
populaionsshowed sometimesdraméticincreases
(upper linesin Figure 7.52, a-c). Thousands of
additional cattle (Figure 7.52, @) were supported
onthestethrough most of thesimulation, for ex-
ample

K&-SAVANNA simulationsshowed asimi-
lar but more dramatic response in the small
Orkarkar Group Ranch (O in Figure 7.50) to
Mbirikani, as might be expected given that
Orkarkar receives more precipitation (Ole
Katampoi et a. 1990:19). Inthe control mode,
popul ations almost doubl e during the drought,
asanimalsimmigrate (Figure 7.53, a-c). When
animalswererestricted to the Orkarkar Group
Ranch, the population of cattleincreased by more
than 100% over the 15 year period (Figure
7.53, a). Goats and sheep show more modest
increasesin populations (Figure 7.53, b-c).

Based upon simulationsin Mbirikani and
Orkarkar, we may mistakenly concludethat the
areato which livestock were confined did not
influencethe populations. Resultsfromaportion
of MailuaGroup Ranch (M in Figure 7.50) sug-
gest otherwise. Livestock populationsinthecon-
trol model responded similarly to thosein other
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Figure7.51. Declinesincattle(a), goats(b), and
sheep (¢) inthe Dadakutuk regionwhenlive-
stock arerestricted to the area are shaded.
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areas studied. However, when livestock were
forced to select habitats from within the small
portion of MailuaRanch rather than al of south-
ernKgjiado, the popul ationsdeclined to near zero
(Figure7.54, a-c).

Theresultsfromthissection highlight theim-
portanceof Ste-gpecific attributesinasetting with
fragmented ownership. In some sites (e.g.,
Orkarkar) with excellent year-round conditions,
livestock populationscan remain high. In what
may be many other sites (e.g., the portion of
Mailuaof the sameareaas Orkarkar), livestock
cannot be supported on the area year-round.
Animals must move to more productive areas
during portionsof theyear whenno grazing re-
mains (Ellisand Galvin 1994), and if those dlter-
nategrazing Stesareunavailable, the populations
will decline. Infuturework, wewish to conduct
analysessimilar to thosedescribed for all owner-
ship blocksin southern Kgjiado, sum theresult-
ing livestock populations, and determineif thetotal
that may be supported when ownershipisfrag-
mented is smaller than when the entire areais
managed asaunit, aswe hypothesize.

I mportance of Swamps

A series of swamps (e.g., Kimana Swamp
including fenced springs; Namelok Swamp;
Enkongo Narok Swamp in Amboseli National
Park) occur in southern Kajiado (Figure 7.55).
The swamps are filled by underground water
sources draining from the slopes of Mount
Kilimanjaro. In the dry season and during
droughts, these swamps can remain wet, alow-
ing grazersto usethesitesthrough otherwisedif-
ficult periods. The swampsoutside of Amboseli
National Park area sothebest availablelowland
stesinKgjiadofor cultivation and arebeing en-
croached upon. In some cases (e.g., Kimana
Swamp), cultivationismovinginfromtheedges,
reducing the size of the swamps and accessto
wildlife and livestock. In other cases, such as
Namel ok, the swamp isfenced to excludewil d-
lifeand livestock. Conservationistsand manag-
ersare concerned that continued encroachment
into, and exclusion from, swampswill reduce

£¥3 Global Livestock CRSP, IMAS Report. 2001

BMusmbars |2 1,000

b (21,0000

il (a2 1,000,

5 1 158

Yoar

Figure7.54. Darkly shaded areas show thedra-
matic decreasesin cattle (a), goats (b), and
sheep (c) inaportion of MailuaGroup Ranch
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few increasesaremorelightly shaded.
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Figure7.55. Theswampsof southern Kgjiado,
generalized to 5 x 5 km sguare cells, are
shownin black. Amboseli National Park is
inadark shade. SwvampswithinAmbosdi are
not availableto livestock, and thetwo swamps
to the east of Amboseli are fenced and not
availabletowildlife. Livestock may usethose
swampsinalimited way. Accessto thetwo
most eastern swampsisnot restricted.

wildlifeand livestock populations (see Chapter
2for moredetall).

The swampsof Kgjiado present acomplex
modeling situation. Inthe Kg-SAVANNA con-
trol model that has been run to-date, patches of
landscape were represented by 5 x 5 km cells
(Figure7.55), but the svampsarefar smaller than
25 km?. Weincorporated that difference by in-
cluding upland vegetation in those cellsconsid-
ered swamps, creating mixed-cover cellswith
upland and wetland (Cyperus papyrus) vegeta-
tion. Swampswithin Amboseli arenot available
to livestock, and Namel ok and Kimana Swamps
arefenced, making them unavailabletowildlife.
However, thefenced swampsare used by live-
stock aswater sourcesand for limited grazing,
(Jeff Worden, Colorado State University, pers.
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comm.). Small wetlandstotheeast areavailable
towildlifeand livestock. Theserelationshipsto
swampswereincorporated in Kg-SAVANNA
by modifying vaueswithinanimal forcemaps.

I nthisexperiment, we made the swampsen-
tirely unavailabletowildlifeand livestock. This
wasdoneby setting valuesfor svampsinthesoils
mapto zero, whichinadditiontoidentifying soils
isused by Kgj-SAVANNA toidentify thelimits
of the study area (valuesgreater than zero) and
areastoignore (zero). Plant responseswithinthe
swampsmay be expected to be unbaanced with
all animalsremoved, sothoseareaswerenot in-
cluded intheresultsreported.

Resultsfrom thesmulation varied by anima
groupinacomplex way, butingenerd, thechanges
inwildlifeand livestock popul ationswere some-
what smaller than we had anticipated, butinthe
directionwewould predict. Changesin livestock
populationsweresmall (Table7.6), assuspected
given that livestock had no grazing access to
swampsinAmbosdli National Park and limited
accessto thefenced swvamps (Figure 7.55). Graz-
ingwildlifemost commonintheAmbosdi region
declined when swampswere unavailable, with
buffalo declining by 17% (Table 7.6). Elephants
increased and giraffesdeclined. Analysisof de-
tailed output from the ssimulation shows that el-
ephantswere ableto increase by altering their
dietsrelative to the control model. Averaged
across the year, elephants ate about 6% more
unpdatableshrubsthaninthecontrol modd, their
populationsgrew, and they out-competed giraffes
for acaciaforage.

| solation of Amboseli

Thegrazersof Ambosdli National Park range
far beyond the boundariesof thepark during the
wet season, and eveninthedry seasonthey range
over an area more than three times the size of
Amboseli Nationa Park (Ole Katampoi et al.
1990:70). Ingenera, wildlife congregatein or
near the park during thedry season, grazingin
swampsand e sewhereand using the nearby wa
ter sources. Inthewet season, many of the ani-
malsmoveto the north and east to areasthat re-
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Animal group Differnce Change

(number) (%)
Livestock
Cattle -4,000 -248
Goat -5500 -2.29
Sheep -10611  -555
Wildlife
Wildebeest -617  -3.38
Zebra -1,356  -7.76
Buffalo -270  -17.27
Grazing gazelle 141 3.28
Browsing antelope 756 3.65
Giraffe -265  -6.27
Warthog 6 1.33
Elephant 67 6.81

Table7.6. Numbersand percentage changesin
animal populationswhen K gjiado swamps
were no longer availablefor grazing or as
water sources.

caelvemoreranfal (Western 1982). Thesemove-
ment patternsare being disrupted because of the
fragmentation of their migration routesand are-
ductionintheland availableto thewildlife. An
example already mentioned is the fencing of
nearby swamps, once used by wildlife. Cultiva-
tionand highlivestock dengitieslimit seasond dis-
persal to thenorth. Moregenerally, Maasai are
becominglessaccepting of wildlifeontheir lands,
especially without monetary reward (\Western
1982; see Chapter 2 for moredetails).
Thereare many suggestionsand someongo-
ing experimentsintending toimprovetheplight of
wildlife outside of the park boundaries. As ex-
amples, loca ranchersnow benefit financialy, to
adegree, from tourism (Western 1982) and are
reimbursed for livestock killed by wildlife (e.g.,
Mbogoh et al. 1999 quantifies somereimburse-
ments). An extreme suggestion that attemptsin-
stead to contain thewildlifeisto fenceAmboseli
Nationd Park. Fencing the park may indeed seem
extreme, but given that South Africa’sKruger
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National Park has been fenced for amost 40
years, afenced-inAmbosdli isapossibility.

We used theIMAS modeling tool sto assess
what theeffectsof fencing Ambosdi wouldbeon
someof thewildlife populationswithinthe park.
Our methodsweresimilar to those used in study-
ing ownership patterns. Werestricted the outputs
reported by Kaj-SAVANNA to Amboseli Na-
tiond Park and ran asmulation using the settings
from the control model. M ean popul ation sizes
for Amboseli National Park wildlifewerecalcu-
lated from that simulation. Wethen forced se-
lected wildlifegroupsto berestricted toAmbosdli
Nationd Park. That is, theanima swerenolonger
to select the most suitable habitatsfrom through-
out southern Kgjiado District, but rather had to
sdect habitatsfromwithinAmbaosdi Nationd Park
(Figure7.55includesthe park in darker shading
and the black swampsit contains, generaizedto
5x5kmcdls). Theanimasinour smulation con-
fined by fencing werewildebeest, zebra, buffalo,
giraffes, and elephants. That is, wejudged graz-
ing antel ope, browsing antel ope, and warthogs
not to be confined by fencesthat werelikely to
be constructed. We conducted two experiments:
inone, wildlife popul ationswere maintained at
thelevel swithin the control model —inessence,
goplicableif fencingwasputinplacewithal wild-
life congregated on Amboseli; and in the other
experiment, popul ations were set to the mean
observed inthe control modd —applicableif the
fencewhereclosed whenatypica density of wild-
lifewereonthe park. Livestock arenot allowed
to grazewithin Amboseli National Park, and so
werenot of interest inthisexperiment.

Whenwildlife popul ationswereasinthecon-
trol model, and asmulationwasrun, populations
of wildebeest and zebra (Figure 7.56a) and buf-
fdo(Figure7.56b) declined precipitoudy. Asmay
be predi cted, our s mulation suggeststhat south-
ern Kgjiado District would support only afrac-
tionof itscurrent wildlifepopulaionif theanimals
were confined to Amboseli National Park. The
park cannot serveas permanent grazing landsfor
wildlifewithout populationreductions. Conversdly,
thewet season grazing outside of Amboseli Na-
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Figure7.56. Populations of wildebeest and ze-
bra(a), giraffeand buffalo (b) declined dra-
matically when their control model popula
tions were confined to Amboseli National
Park. Elephant populations did not decline

(b).

tiond Park isimportant inmaintaining largemam-
mal populationsand conserving thedry season
grazing of Ambosdli. Inthesimulation, el ephant
populationsincreasedightly (Figure 7.56b), as
dogiraffes, until somecritical populationleve is
reached, then giraffesdecline. Detailed output
from Kaj-SAVANNA linksthisdeclinetoare-
ductionintheir intake of deciduouswood foliage.
Asintheexperiment involving theremoval of
swamps, dephantsinthe Kg-SAVANNA model
out-compete giraffesand the other threewildlife
populations. Webelieved ephantsperastedinthe
model because they were not as reliant upon

€92 Globa Livestock CRSP, IMAS Report. 2001

grassesaswildebeest, zebra, and buffalo, and can
dterthar dietsmoreeffectively thangiraffes. That
said, we adapted themodel to theentire southern
Kgiado Didtrict, rather than Amboseli National
Park alone. Cautionis, therefore, appropriatein
interpreting theseresults. For example, athough
elephants may out-compete giraffes, we do not
believe the giraffe population would crash as
quickly asisshownin Figure 7.56b. Balancing
the population dynamics of giraffesin the SA-
VANNA modeling systemismoredifficult than
for other animal groups.

A morerealistic ssmulation may be where
wildlife populationswere set to the mean popula
tionlevelsof Amboseli National Park during a
control mode run. Whenthat smulation wascon-
ducted, the decreasein wildebeest and zebrawas
gl large (Figure 7.57a,b), but lessdramatic than
in Figure 7.56a. Buffalo, elephant, and giraffe
(Figure 7.57c) populations changed asthey did
inthe control model, except for alate decreasein
giraffes. Although lessextreme, theresultsof this
experiment again suggest that thewildebeest and
zebrapopulations of southern Kajiado District
would be significantly smaller if confined to
Amboseli National Park.

Werecognizethat theexperimentsinthissec-
tion oversmplify the ecological relationshipsof
Ambosdli. For example, fencing Ambosdli would
halt long distance migrations of wildlife (Ole
Katampoi et d. 1990) that arelikely importantin
maintaining genetic diverdty and subpopul ations.
Also, stresson animalsfrom being confinedtoa
relaively smdl area, and thestressof interactions
withtourists, have beenignored. However, we
believe the IMAS tools haveincorporated the
principal relationships, such asforagequaity and
quantity, vegetation dynamics, and wildlife popu-
lationdynamics.

SUMMARY AND LIMITATIONS
Ingenera, webdlievethe GL-CRSPIMAS
ecosystem modeling toolsprovideva uabletools
to assist land managersin weighing benefitsand
costsof actions. We do not consider the outputs
to be predictionsof changesintheliteral sense,
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Figure7.57. Populations of wildebeest (a) and
zebra(b) declined relativeto acontrol Ssmu-
lationwheninitial populationswereequa to
the mean population in the control model.
Buffalo and e ephant (¢) populationsdid not
changerelativeto the control. Giraffesde-
clinedinlater years.
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although the SAVANNA model may be used to
generatesuch predictionsingraightforward andy-
sesinresearch settings. Instead, aspecific goal
of theIMASeffort wasto make GL-CRSPIMAS
toolsavailabletoloca ecologists, researchers, and
managersto useintheir own analyses. With that
asagoal, we could not anticipate the myriad of
guestionsthat theIMAS system may beasked to
address. We do believe, however, that the out-
puts from NCA-SAVANNA and Kg-SA-
VANNA show therelativemagnitudeand direc-
tion of changescorrectly.

The system doestwo additional thingsthat
are as important as modeling general re-
sponses. First, by their nature the IMAS tools
consider many interactions and report many
responses. Itisdifficult for eventhebestinformed
managersto keepinmind all of theissuesand
concernsthat must be balanced when faced with
amanagement decision. A manager may consider
improving security in southwest Ngorongoro, for
example, and includeinthethought processthe
cost of security, effectsupon tribal relationships,
implicationsfor livestock production, and changes
to range condition, but forget to consider impli-
cationsfor dephant populations. Theresultsfrom
NCA-SAVANNA includealonglist of measures
that might be of interest, which reducestherisk
that someimportant interaction will bego uncon-
sidered. The second benefit from the results of
GL-CRSPIMASsmulationsisthat they provide
acommon framework from which a contested
management decision may bediscussed. Neither
ddeinagivenargument may agreewiththeIMAS
results completely, but thetwo sidesmay begin
discussion from acommon ground, hopefully
leading to amore speedy resolution.

Thischapter hasintroduced a series of ex-
periments addressed using NCA-SAVANNA.
Asmentioned, aprimary goal hasbeentoalow
local researchers, managers, and ecologiststo
conduct experimentsthemselves. To attain that
god, we constructed acomputer interfacefor the
SAVANNA modd called SavView whichalows
Ngorongoro stakeholdersto repeat any of the
experimentswe have outlined, or to modify those
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experiments asthey wish. People may conduct
analysesusing IMAStoolswith just an hour or
two of training. See Chapter 6 for adescription
of SavView and other GL-CRSPIMAStools.
To-date, we have provided in-depth training in

€92 Globa Livestock CRSP, IMAS Report. 2001

IMAStoolsand ecosystem modeling to 26 East
Africanscientistsand managers, and haveindalled
IMAStoolsinfivemainlocations (see Chapter

10for moredetall).
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Chapter 8

Human Ecology, Economics And
Pastoral Household M odeling

Kathy A. Galvin and Philip K. Thornton

INTRODUCTION

ThisGL-CRSP Project wasfounded onthe
notion that thereis a need to establish amore
appropriate and sustainable balance between
food security and natural resource conserva-
tioninthepastoral regionsof East Africa. Field
studies and modeling work were designed to
guantify theimpacts of various problems such
as high human population growth, livestock
and wildlifediseases, conservation policy, land
tenure issues, and agriculture on four objec-
tivefunctions:. pastoral welfare, livestock pro-
duction, wildlife, and ecosystem integrity. In
this chapter we summarize some of the im-
portant field study and modeling results that
have implications for pastoral welfare.

Human ecol ogical research and modeling
have been focused on two sites; the
Ngorongoro Conservation Area, Tanzaniaand
Kajiado District, Kenya, two areas with Maa-
sai pastoralists living with a diverse wildlife
population. In both cases, the Maasai pastoral
strategies and interactions with wildlife are
different and for different reasons. We explore
herethe Maasai situation and discuss scenarios
of human welfarewith the use of PHEWS, the
Pastoral Household and Economics Welfare
Simulator.

NGORONGORO
CONSERVATION AREA

Human ecology has been the focus of in-
terdisciplinary research in the Ngorongoro
Conservation Area (NCA), Tanzania, where
Maasal pastoralists live with a diverse and
concentrated wildlife population. The NCA
harbors one of the most spectacular and beau-
tiful landscapes in Africa. Volcanic peaks of
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the Ngorongoro highlands rise steeply to over
10,000 ft. above Olduvi Gorge, the Rift Val-
ley and the Serengeti Plain. Thelandscape and
vegetation diversity supported across this es-
carpment is startling, with tropical mountaine
evergreen and bamboo forests at high eleva-
tions and shortgrass plains at the base levels.
Between the mountaine forest and the plains
are woodlands, bushlands and grasslands of a
vast variety of forms and composition
(Herlocker and Dirschl 1972). The centerpiece
of theNCA isNgorongoro Crater, the 300 km?
caldera of an extinct volcano. The crater has
severa water sources and its grasslands sup-
port ayear-round population of herbivoresand
predators, which is seasonally supplemented
by migrants (Moehlman et al. 1997). Herbi-
voresinclude wildebeest, buffalo, gazelle, ze-
bra, eland, elephant, rhinos and others. Until
very recently, the crater supported the most
dense population of predators (mostly lions
and hyenas) known in Africa

Inaddition to thewildlife, theNCA supports
Maasal pastoralists and agro-pastoralists. In
1959, when the Maasai wereremoved fromthe
Serengeti, there were approximately 10,000
Maasai resident inthe NCA; over the ensuing
forty years, the popul ation hasexpanded to about
50,000 Maasal. Land use hasintengfied and most
Maasal have become agro-pastoralists, cultivat-
ing small plots of maize, beansand other prod-
ucts(Kajazi et al. 1997). Agriculture was pro-
hibited between 1975 and 1991; however, since
1991 the Maasai have been permitted to con-
duct limited cropping. Current conservation poli-
cieslimit the amount of areathat can be culti-
vated and outlaw grazing in some parts of the
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NCA (McCabe, in press). Thus, asthe human
population has expanded, land use and conflicts
haveintensified, the Maasai sensing that their
welfare and economic status were declining.
Yet, theMaasai are still dependent on graz-
ing for their livestock asthe mainstay of their
livelihoods. During good years, thereisenough
forage for livestock and wildlife alike, but
drought is not uncommon. The year 1997 was
an extremely dry year, followed by the very
wet el Nifio event of late 1997 and 1998, fol-
lowed by a very dry 1999 (Galvin et d., in
press). In drought, many people and their ani-
mals migrateinto the NCA from the north and
south making the NCA a crowded place for
people, livestock and wildlife (M cCabe 2000).

Research

In a long-term study, we have examined
Maasai pastoral well-being as measured
through land use, household economy, health,
and nutritional status. We examined the claims
of the Maasai with respect to the impact of
conservation policy ontheir land useand live-
stock holdings, their nutritional statusand in-
come levels. This research was supported, in
large, by a NSF funded research program.

Land Use

The pattern of movement of the Maasai in
the NCA throughout most of the 20" century
was typical of many Maasa communitiesin
Kenyaand Tanzania. It involved remainingin
the highlands for most of the dry season and
moving down to the plains during the wet sea-
son. The short grasses of the plains are more
nutritiousthan the grassesin the highlands and
access to this resource was considered ex-
tremely important for cattle to recover condi-
tion lost in the dry season. In the NCA, there
are few sources of water in the lowlands, and
people and livestock would return to the high-
lands in the months of May or June as the
plainsdried out. In particularly dry years, the
Maasai of the highlands would often move
their cattleinto thenorthern highlandforest inthe
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late dry season; gladesintheforest providecattle
with accessto grassnot found anywhereelsein
thehighlandsduring dry years.

This pattern changed following the irrup-
tion of the wildebeest during the 1960s and
1970s. The wildebeest population increased
from approximately 240,000 to 1.5 million
animals. Thewildebeest migrateinto the NCA
and the Serengeti during the months of Janu-
ary-March and deliver their calvesin the short
grass plains. The dramatic increase in wilde-
beest numbers increased pressure on the for-
age resources of the plains, but what caused
themost problems, from the Maasai viewpoint,
was the increased chance of their cattle con-
tracting malignant catharral fever (MCF).
MCFisavira diseasethat isbenigninwilde-
beest, but nearly 100% fatal in cattle. Nearly
all wildebeest calves are infected and remain
so for approximately three months. The dis-
ease is transmitted through ocular and nasal
secretions of the calves. Before the irruption,
the Maasai could keep their cattle away from
the wildebeest herds. However, following the
increase in wildebeest numbers, the only way
that the Maasai could ensure that their cattle
would not contract the disease was to avoid
the plains once the wildebeest began to calve.
Thus, the mobility pattern that emerged in-
volved people and livestock moving onto the
plains shortly after the rains began and re-
mained there until the wildebeest began to
calve. At this time, the cattle returned to the
highlands while small stock remained on the
plains. The cattle remained in the highlands
until either the wildebeest moved away or their
coatsturned from brownto black (around three
months). Most of the cattle would then move
back onto the plains until either the forage or
water was limited.

Thispatternisnow altered in very dry and
invery wet years. Theyear 1997 had asevere
drought and 1998 was an el Nifio year. The
drought of 1997 forced peopleto remain longer
in the highlands than they would in a normal
year. In the highlands (Olirobi area,
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Nainookanooka), people and livestock did not
stay as long in the lowlands as they normally
do. During the dry season some people and
livestock were forced to moveinto the North-
ern Highland Forest and the Olmoti Crater. The
use of forage resources in Olmoti and in the
forest prevented major lossesto starvation, and
peopl e seemed to have been able to cope with
this drought without mgjor problems. Some
people who live in the lowlands were forced
toradically ater their mobility patterns, spend-
ing far more time than usual in highland loca-
tions. There were some problems with wild-
life as people moved into forested areas, and
many crops failed due to the lack of adequate
rainfall. In addition, the NCA isadrought ref-
uge and many people from north of the NCA
migrated into the highlands areas. Peoplefrom
asfar away asKisongo, near Arusha, also mi-
grated into the NCA (McCabe 2000).
Themobility pattern of the peopleand live-
stock in the Endulen areadid not change much.
They generaly only move short distancesfrom
their homesteads in the wet seasons and re-
main close to home in the dry season. The
major problems were caused by alarge num-
ber of people and livestock moving into the
area from north of the NCA and from the
Olbalbal area. It was reported that the cattle
were emaciated by the end of the dry season,
but no mgjor losseswere reported. People said
that human nutrition was low due to the fact
that the livestock were not giving much milk,
crops had a very bad year, and the price for
selling livestock had dropped dramatically. In
contrast, people and livestock from the
Olbalbal area drastically altered their normal
mobility patternsin thisvery dry year. About
one half of the population took their livestock
to the Endulen area during the dry season,
while the other half migrated up into the for-
ests on Olmolti Mountain. Both groups suf-
fered major losses to their livestock. For the
animalsthat went into the forested area, prob-
lemswithwildlifewereamajor concern, while
tick- borne disease caused many deathsamong
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thelivestock that went into the bush country near
Endulen.

Theyear 1998 wasavery difficult year for
people living in the NCA. Because of the un-
precedented amount of rain, the crops in the
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. People from the
highlands stayed near their homesteads for
longer periods of time than normal. When the
heavy rainsbegan, peopleand livestock moved
down onto the plains, but many people con-
tracted malariathere. It was decided that there
was enough forage for the year in the high-
lands and both people and animal s moved back
to their homesteads a couple of months after
moving to the lowland plains.

Therewas quiteabit of tick-borne disease
among thelivestock in Endulen. Two new dis-
eases, lumpy skin disease and contagious bo-
vine pleuropneumonia, also broke out. There
were fairly heavy losses because of all three
of these diseases. The 1998 year was very
stressful for people and livestock in the
Olbalbal area. Most of the cropsfailed due to
excessive water, and a majority of the people
came down with malaria. In addition to tick-
borne diseases, lumpy skin disease aso ex-
acted asignificant toll on the livestock in this
area (McCabe 2000).

Maasai Economy

In 1991, research on the Maasai economy
began by examining the claims of the NCA
Maasai with respect to the impact of conser-
vation policy on their land use and livestock
holdings, nutritional status, and income lev-
els. We hypothesized that conservation policy,
through itslimitations on land use, might have
a detrimental affect on Maasai well-being as
measured through household economy, health,
and nutritional status. Our early research es-
tablished that a large percentage of the NCA
Maasai could not support themselves, but were
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supported, in part, by wealthier friendsand rela-
tives. Overall nutritional statuswaslow and all
NCA Maasa wereinachronic state of undernu-
trition (Galvin 1994, 1995, 1997, Galvinet al.
19943a). Our research supportsMaasai claimsof
economic difficulties, but we were not ableto
confirm that the causes of their problemswere
rooted in the policies of the Ngorongoro Con-
servationAreaAuthority (NCAA). Itisplausible
that many of the problems experienced by the
NCA Maasa aretypica of pastoral populations
esawhereintheregionor moregenerdly, through-
out Africa(Galvin 1992, Grandin et al. 1991).
With thisin mind, we conducted acomparative
study of human welfare betweenthe NCA and
the adjacent Loliondo District where conserva
tionpoliciesarelessrestrictiveon Maasai land
use. Cultivationispracticed by most households
intheLoliondo Game Controlled Area(LGCA),
andtherearefew restrictionson grazing and ag-
riculture, unlikethecaseinthe NCA.

Analyses on livelihoods support the no-
tion that the Maasai in both the NCA and
LGCA are agro-pastoralists (McCabe 1997).
Thishasoccurredinthe NCA only since 1991
asagriculturewas banned beforethistime. The
prime motivating factor involved in the diver-
sification of livelihood strategies, specifically
the adoption of cultivation, is to reduce the
number of livestock sold to provide apastoral
family with non-livestock foods (mostly
maize) and other necessities. However, we
compared the economic state of the Maasai in
the NCA with their neighborsjust north of the
NCA and ascertained that Maasai inthe NCA
are not aswell off in anumber of measures of
well-being relative to Loliondo Maasai.

Figure 8.1 shows livestock to human ra-
tiosfor the LGCA and the NCA as measured
by TLUs (Tropical Livestock Units) per per-
son. In our sample, LGCA Maasa have more
than threetimesasmany TLUs per person (0=
10.3) asthe Maasai who livein the NCA (0=
2.8) (p< 0.0009). Moreover, LGCA Maasai
have, on average, agricultura plotsthreetimes
thesize (0= .3 acres/person) of the NCA Maa-
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Figure8.1. Livestock to humanratios(TLUs
per person) for the LGCA and for theNCA.

sai (0=.1acres/person) (p=0.002) (Figure8.2).
Figure 8.3 shows the livestock/human ratios
arrayed against the acreage per human ratios.
Themagjority of theNCA householdsare clus-
tered together and 87% of them have below
the theoretical minimum of 6 TLUs per per-
son needed for food security in pastoral popu-
lations (Brown 1973, see Galvin 1992 and
Homewood 1992 for further discussions on
TLUs among pastoralists). The figure shows
that amuch lower percentage (42%) of LGCA
households are below this minimum (Lynn
2000).

The number of peoplein the household in-
cludes the head of the household, his wives
and their children. Householdsinthe NCA are
ggnificantly larger onaverage, withamean of 22
people, while for LGCA the mean is 15
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Figure 8.2. Acreage to human rations (acres
cultivated per person) for LGCA and for
the NCA.
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Figure 8.3. Livestock to human ratios compared to acreage to human rations with an estimate
of the minimum number of TLUs needed per person for food security.

(p<0.008). A census (NCAA 1993) of theentire
NCA reported an average of 8.2 people per
household. Our study showsamost threetimes
as many people per household as in the 1994
study. Thiscould berdlated to our smaler sample
sze; however, rural populationincreasesmay be
afactor, asthere hasbeen significant emigration
totheNCA sincetheban on cultivationwaslifted
(McCabeeta. 1997). Also, anecdotal evidence
suggests that health care has improved in
accessability and effectivenessduring thelast sev-
eral years and may affect child morbidity and
mortality (Endulen and Wasso, hospital doctors,
persona communication).

Livestock saleswerehigher intheNCA than
in LGCA. The mean number of cattle sold in
Loliondo asapercentage of thetotal herd size
was 3.7%; inthe NCA it was 8.2% (Table8.1).
The same pattern existsfor sheep and goat sales
(Table8.2). Householdsin L oliondo are gener-
aly located further fromthelivestock marketsthan
thoseintheNCA, which may partly account for
thehigher salesintheNCA.. Inaddition, discus-
sonswith pastordistssuggest that peoplesdl dis-
eased livestock, and householdsinthe NCA ap-
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Location Mean(%) SD P N
Loliondo 3.7 2.3 14
NCA 82 75 NS 15

Table 8.1. Cattle sold per household, as a
percentage of the total herd. SD - stan-
dard deviation; P- Pvaue; N - number of
households surveyed.

Location Mean (%) SD P N

111 16
NS o

Loliondo 3.8

NCA 1.4 9.2

Table 8.2. Goats and sheep sold per house-
hold, as a percentage of the total goat and
sheepherd. SD - standard deviation; P- P
value; N - number of households surveyed.

peared to have more diseased animal sthan those
inLoliondo. Agriculturd yiddsasoreveded dif-
ferencesbetween thetwo regions. Whereasthere
wastremendousvariability inagricultura yields
(Table 8.3), yields per person were generally
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Location  Mean (%) SD P value N
Loliondo 484.8 422.3 15
Per acre NCA 4763 3650 NS 5
Loliondo 190.8 277.4 12
Per person — \ca 86.2 1135 NS 4

Table8.3. Maize and beans harvested in 1997 and 1998. SD - standard deviation; P- Pvalue;

N - number of households surveyed.

about twiceashighin Loliondo asthoseinthe
NCA.

Theresearch demongtrated that Ngorongoro
(NCA) Maasai areindeed economically worse
off thantheir counterpartsinthe adjacent LGCA
asmeasured in terms of the amount of agricul-
tura land cultivated by householdsin each area
and the number of livestock per humanin each
area. Although we had hypothesized that sucha
difference(if found) would bedueto NCA policy
restrictions, we al so tested the effects of different
ecological zoneson these economicindicators.
Wefound that although there were differences
in human/livestock ratiosamong different eco-
logical zones (lowlands, midlands, highlands),
the differences between locations (NCA vs
LGCA), overrode ecological zonesvariations.
The same wastrue for areacultivated per per-
son.

We also examined Maasai settlement and
land use patterns among ecological zones
within locations and across locations. Three
Settlement-land use patternswerediscerned: Type
A (sedentary); TypeB (sedentary bomawith sea-
sond herd movements); Type C (seasona boma
and herd movements). TypeB patternsweremost

prevalentin LGCA, whereas Type C were most
prevalentin NCA. Type B households had the
longest annua travel distances, whereas TypeC
householdshad longer one-timemovements(to
seasondly temporary bomasites). However, daily
distancesweresignificantly shorter for TypeC
than Type B households. So while NCA house-
holdsmoved longer distancesinresponseto sea
sonal changes, they werelessmobileonadaily
basisthan LGCA househol ds (Lynn 2000).
When comparing the two regions, we see
clear patterns, but within each area there was
considerable variability in various economic
indices. For example, welook hereat thelarge
variability in livestock mortality, livestock
sales and slaughtering within the NCA. Table
8.4 showsthat for variouslocationswithin the
NCA, themain causefor death wastick-borne
disease. In Endulen, most of the death resulted
from East Coast Fever (ECF) and Ormilo
(about equally divided). Therewere aso small
numbers of deaths from contagious bovine
pleuropneumoniaand seven cattlewerekilled
by lions. In Nainookanooka, the deathswerere-
lated to lack of foragein the dry season (46%)
with therest being caused by ECF. Thereasons

Cattle Died Sold Slaughter ed Total Loss
Endulen N 3089 235 76 12 323
% 7.6 2.5 0.3 10.5
Nainookanooka N 705 87 56 15 148
% 12.3 6.5 2.2 21.0
Total N 3794 322 122 27 471
% 85 3.2 0.7 12.4
Table 8.4. Cattle offtake.
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givenfor sdesareasfollowsinrank order: clothes,
food, taxes, grain, livestock, drugs, and hospita
bills. The datafor mortality and salesfor small
stock islessrediablethan for cattle aspeopletend
not to remember what happenedto small animals
aswell asthey do cattle (Table 8.5) (McCabe
2000).

The effects of livestock production and
losses, and agricultural production influences
household income in the two regions (Table
8.6) (Smith 1999). In both locations, livestock
sales were the most important source of in-
come, followed by crop sales. However, NCA
households report crop sales as being almost
three times as important as for householdsin
Loliondo.

Maasai Nutrition

Comparison of nutritional dataamong the
NCA Maasa with those living in Loliondo
where conservation policies are much lessre-
strictive should illuminate whether the prob-
lemsexperienced by theNCA Maasai aretypi-
cd of pastord populationsintheregion or whether
differences betweenthetwo regionsaredue, in
part, to conservation policy and the attendant re-
ductionin human economicwelfareasargued by
theNCA Maasai.

Anthropometric measurementsweretakenon
individualsintheLGCA andintheNCA. Mea
surements of height, weight, upper arm circum-
ference (UAC) and tricep skinfolds (TSF) were
takenonindividua sdepending ontheir age(WHO
1995). We analyzed the effect of yearsand re-
gions(LGCA vs. NCA) on the anthropometry
measures. ANOVA was used to detect annual
differences between NCA Maasai nutritionin
1998 and 1999.

The results of comparing nutritional indi-
ces among NCA children in 1998 and 1999
showed that there was no effect of year on
height of children, but weight differenceswere
significant at the p = 0.02 level (0= 25.9 kg
for children in 1998 and 0= 23.4 kg for chil-
dren in 1999). Adult male and female Body
Mass Index (BMI) scores (a measure of |ean-
ness), UACs and TSFs for NCA Maasal in
1998 were not different than those in 1999.

Figure 8.4 showsthat, ingenera, girlsand
boysin Loliondo tended to weigh more than
their NCA counterparts; however, the differ-
ences were not significant. Among two- to
five-year old boys, thedifferencein meanweight
wason theorder of 15%; among thesix- tothir-
teen-year olds, the difference was 17% and
among the adol escents, it was 4%.

a.
Goats Died Sold Slaughtered Total Loss
Endulen N 546 0 0 0 0
%
Nainookanooka N 1225 0 0 21 21
% 1.7 1.7
Total N 1771 0 0 21 21
% 1.2 1.2
b.
Goats Died Sold Slaughtered Total Loss
Endulen N 320 0 0 0 0
%
Nainookanooka N 270 0 12 21 41
% 4.4 17 15.2
Total N 590 0 12 21 41
% 2.0 1.2 6.9
Table 8.5. Small stock offtake, including goats (a), and sheep (b).
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a. Rank order of importance

1 2 4 Total Importance
Loliondo (1.0) (0.5) (0.25) (0.125) value (%)
Livestock sales 24 8 28.0 88
Crop sales 2 1 14 5
Animal medicine 1 1.0 3
Plow labor 1 0.5 2
Milk sales 1 04 1
Beadwork 0.3 1
Livestock skins 1 0.1 0
Total 25 11 3 317 100
b. Rank order of importance

1 2 4 Total Importance
NCA (1.0) (0.5) (0.25) (0.125) value (%)
Livestock sales 14 8 185 83
Crop sdes 1 4 1 31 14
Honey sales 0.5 3
Mile sales 1 0.1 0
Total 15 12 2 22.2 100

Table 8.6. Sources of income and their relative contribution to the household economy.

Themean BMI scorefor al adult womenfrom
Loliondo is 19.4 whereas among women in
Ngorongoro, itis18.5. Loliondomen'smean BMI
scoreis19.7 versus 18.7 for menfromthe NCA.
BMI scoresweresgnificantly different amongthe
18-29.9 year old women (p<0.01). The other
age-specificvaueswerenot significantly differ-
ent. Loliondo men’sBMI scoresfor specificage
groups also tended to be greater than those of
men from Ngorongoro, but the differencesare
non-significant. Adult TSFsweresgnificantly dif-
ferent by region for women (p< 0.0001) and for
men (p< 0.0009) (Figure8.5).

Summary

TheMaasai of Loliondo clearly havemore
resources available to them than do the Maa-
sai intheNCA, asmeasured by livestock hold-
ings and agricultural plot size. The reason for
thedifferencesinareacultivated isadirect result
of NCA Authority limitationson agricultural plot
szeintheNCA (McCabeet d. 1997). Theissue
is more complicated where livestock are con-
cerned. Therearepolicy redtrictionsongrazingin
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theNCA, but theseredtrictionsare not so severe
asto account for thevast differencesin livestock
holdings. However, inthe NCA, thewildebeest
migration excludesMaasai livestock fromimpor-
tant wet-season forage resources preventing the
traditiond transhumant migration of livestock, i.e,
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Figure 8.4. Weights of children in the NCA
and in LGCA.
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Figure 8.5. Measures of triceps skin folds of
adultsin the NCA and in LGCA.

moving into the highlandsduring thedry season
and using the plainsduring thewet season. Thisis
becausewildebeest calvestransmit malignant ca-
tarrhal fever to cattle, afata disease. Inthe past,
the Maasal apparently harassed the wildebeest
away from plainsareasgrazed by cattle, or fenced
water holes, denying water to the wildebeest
(McCabeet d. 1997). Thisisnolonger possible
withinthe NCA, although such actionscould be
usedintheLGCA. Thus, livestock nutritioninthe
NCA isconstrained by lack of accesstothewet
season range, and other disease problems(such
as East Coast Fever) are exacerbated because
cattleare confined to the highlandsduring thewet
season. Reduced nutrition and increased disease
incidence combineto limit production, reproduc-
tion, and early surviva of NCA cattle (Machange
1997).

Householdsin the NCA arelarger than in
the LGCA. More livestock and agricultural
producearesoldintheNCA thaninLGCA. This
occurs even though productionislower inthe
NCA thaninthe LGCA. Itislikely that livestock
and crops are used to make up for food short-
fals; weknow that most expendituresgo to pur-
chasingfood (Smith 1999). TheMaasai children
from Loliondo tend to have higher anthropomet-
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ric measuresthan childrenfromthe NCA. But
children in Ngorongoro tend to be better buff-
ered from nutritiona stressthan areadults; apat-
tern common among pastord populations(Gavin
1992, Galvin et a. 1994b). Adultsof Loliondo
alsotend to show higher nutritional status(BMI
soores). TSFmeasurementswerea so significantly
higher among L oliondo women and men than
among adults in Ngorongoro. These results
suggest that conservation policy, among other
things, affectsresourcesavailableto the NCA
Maasai and thismay influence nutritional sta-
tus of the population, especially in adults.

These comparisons demonstrate that the
Maasai of Loliondo are better off thanthe NCA
Maasal. Some of these differences (e.g., crop
acreage) are clearly attributable to conserva-
tion policy. However, population density is
greater inthe NCA (6.0/km?) thaninthe LGCA
(3.9/km? with the use of population numbers
from the 1988 Tanzanian census) which also
affectsaccessto resources. Whereas|andscape
variation did not seem to affect the differences,
other factors such as distance to markets and
health care may also contribute to variations
in human welfare and resource access.

Our research has demonstrated that
conservation and development policy must be
carefully crafted for applicationin multipleuse
areas like NCA, the Greater Amboseli
Ecosystem, and other places where wildlife
conservation, livestock development and
enhancement of human food security and
welfareare all goals. Although there has been
alot of optimism for the future of community-
based conservation, our results show that this
optimism may be premature. We expect that
optimization of multiple goalsis not possible
inmost instances, and either conservationvalues
or human development will suffer if thismultiple-
optimizing viewpoint prevails. Rather, policiesand
management of multiple use areas should seek
compromises which can be accepted by the
relevant stakeholders. Atthe NCA, for example,
itisbecoming moreand moreobviousthat current
policies are not sustainable. Something must
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change, anditislikely thatif NCA istoremaina
multiple use area, then compromises in both
conservation and human expectations will be
required.

How can the situation in the NCA be
modified to improve human welfare and
maintain conservation value? Data from the
research have been combined inthe IMASto
addressanumber of human welfare questions.

Modeling

PHEWS, the socio-economic household
model for Ngorongoro Conservation Area, has
been completed and tested, and is fully
integrated within the Savanna Modeling
System. A set of scenarios was drawn up that
PHEWS and Savannatogether would be used
to investigate, and were run and analyzed.
PHEWSwas aso to be adapted for Kgjiadoin
Kenya (the second project site), amuch more
market-orientated production system. Work
has progressed on this, primarily on the
fieldwork needed to parameterize the model.

Early in the project, perhaps the major
design criterion to be elucidated for the
development of this model was that a rule-
based approach should be used. Two factors
in particular influenced this decision: the low
level of market integration in NCA, meaning
that standard economic models were unlikely
to be appropriate, and the recent building and
testing of simple, top-down models that
seemed to offer substantial benefits with
respect to thesmplicity of themodel processes
and relatively short development time, while
still providing useful information to the
modeler and other users.

Thus, the general modeling approach taken
isto use asmall set of rules that govern the
operation of the model, and then use the
revealed characteristics of the model through
simulations to adjust some of the key model
parameters so that reasonable behavior of the
model is obtained.

We hypothesized that thereisaquantity T of
Total Livestock Units(TLUS) per person that
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characterizes pastoral systems. Whileit isnot
immediately clear what thisvalueof T is, theidea
isthat T increasesto levelsat which the operator
becomes a commercial beef rancher, and
decreasesto the point where agro-pastoralism
commences(at Oit definesagriculture). Therules
inthe household mode reflect the management
decisonsthat aretakentoamat thistarget TLU
per person, which may vary withwedth levels. If
there are excess animal s, these can be sold for
cash. If there isa deficit, then animals can be
bought, if there areresourcesto do so.

We also hypothesized ahierarchy of goalsat
the household level. First, the household hasto
meet itsfood requirement. If thereisashortfall,
then this is made up by recourse to various
options, including the selling of an animal, if
necessary. Second, the householdisassumedto
manage for T in terms of investment and
disnvestment decisons— thesetypesof livestock
purchases and sales can be considered different
to the meeting of household food requirements.
Third, thereisdiscretionary consumption; after
the first two goals have been dealt with, with
consequent impacts on the cash reserves
(purchase of food, for example), theremay bea
certain amount of cash left over for spendingon
variousitems.

Considerable field work had been
undertakenin NCA, planned in part to generate
information with which to test these
hypotheses within asimple model framework.
Oncetested and appliedin NCA, the plan was
to usethe same basic structure for the Kenyan
case study area, Kagjiado, using data collected
from surveys and existing secondary sources.

One of the very attractive features of the
SavannaModeling System (SMS) istheability
to map outputs spatially and to be ableto assess
how spatial outputs change over time aswell.
A set of socio-economic outputsfrom PHEWS
has been defined, and can be accessed by SMS
for mapping. These spatia output variablesare
shown in Table 8.7. Modeled households are
located in the landscape of NCA in arandom
fashion, depending on an underlying probability
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map for household location (Boone and
Coughenour 2000). Spatial variation arises
because of two factors: differences in
household density per pixel, and differences
intherelative preponderance of rich, medium
and poor households in NCA. Given data
shortages, we hypothesized, following Smith
(1999) and Lynn (2000), that NCA could be
divided up into three distinct areas based
essentially on elevation: lowlands, midlands
and highlands. It has been observed (Lynn
2000) that the relative occurrence of poor,
medium and rich households in each of these
areas is different, although detailed data on
these changes are not yet available. Thus, we
hypothesized a set of relative household
occurrences based on the following:

*  Weclassified 73% of the pixelsin NCA
aslowlands, 9% as midlands, and 18% as
highlands;

» Theweighted average of household type
needed to match the typical household;

» Estimates were based on observationsin
the field.

Asaresult, we estimated that:

* Inthelowlands, 39% of households are
poor, 40% medium, and 21% rich;

* Inthe midlands, 29% of households are
poor, 44% are medium, and 27% arerich;

* Inthehighlands, 22% of households are
poor, 38% are medium, and 40% arerich.

In mapping output from PHEWS, output
variables are weighted per pixel using these
relative household occurrences, depending on
where the pixel lies (lowlands, midlands or
highlands).

Overview of Results

The activities of this modeling effort
concentrated on two of the case study regions:
Ngorongoro Conservation Area (NCA),
northern Tanzania, and Kajiado District,
southern Kenya, areas with very different
specific problems, but that share common
problems relating to pastoralism, wildlife
conservation, and agriculture. The socio-
economic household-level model was
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congtructed and calibrated for NCA, and arange
of scenariosweresimulated. Themodel, named
PHEWS (Pastoral Household and Economic
Welfare Simulator model) produced resultsto
show that all households depend on outside
sourcesof calories. Pastoralist welfarein NCA,
evenwithsmal amountsof agriculturedlowed, is
not internally sustainable at current human
populationlevels. If redlistic population growth
ratesareimposed for the next 15 years, then the
household food security situation would
deteriorate markedly. Themode suggeststhat the
introduction of agriculture in 1991 in NCA
occurred at a time to make a substantial
improvement inhouseholders wefareby reducing
the dependenceon “outside” grain at atime of
rapid population growth. By thelate 1990s, these
welfare gains would have been overtaken by
human population growth ratesin excess of 6%
per year. From ahousehold welfare perspective,
banning agriculture is not an option; poor
househol dswould be dependent for nearly one
quarter of their calories from gifts and relief.
Doubling the areaof agriculture per household
was shownto haveahighly beneficia impact on
thefood security of poor and medium households.
Thisdoubling would still amount to only 0.6% of
the land area of NCA.. If pastoralists are to
continue as part of thelandscape of NCA, then
allocating increased amounts of agricultural
land seems an effective mechanism for
improving household food security for theless
well-off.

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 aso the
longer-term impact on livestock numbers
wherethey haveto be built up inthe aftermath
of drought. The model also indicates that
various productivity-increasing interventions
can have beneficid impactsonhouseholdwdfare.
TheNCA Control Modd!:

Resultsfrom a Scenario Analysis

Boone and Coughenour (2000) describethe
control model; the idea of which isto model
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File

Variable

Temporal or
spatial output

DIETP/M/R

HOUSP/M/R

CASHP/M/R

ANIMP/M/R

Household energy requirements, kcal
Milk consumed, proportion in diet
Maize consumed, proportion in diet
Meat consumed, proportion in diet
Sugar consumed, proportion in diet
Maize bought, proportion in diet
Relief consumed, proportion in diet

Cash reserves, Tz Sh
Own maize available, kg
Other crops available, kg
TLU welfareratio

Cash welfareratio
Actua TLUs

Adult Equivalents

Cash reserves, Tz Sh

Net income, Tz Sh
Livestock purchase flag
Livestock salesflag

Crop sdes, Tz Sh

Milk sales, Tz Sh

Other income, Tz Sh
Livestock sales, Tz Sh
Surplus milk sales, Tz Sh
Teaexpenditure, Tz Sh
Livestock purchases, Tz Sh

Temporal

Tempora

Tempora

Genera household item expenditure, Tz Sh

Maize purchases, Tz Sh

Cattle number in household herd

Tempora

Percent female cattle in household herd

Percent adult cattle in household herd

Goat number in herd in household herd
Percent female goats in household herd

Percent adult goats in household herd

Sheep number in herd in household herd
Percent female sheep in household herd

Percent adult sheep in household herd

Table8.7. Listof output variablesgenerated by PHEWSthat can begraphedin SMS. Spatial data
that may be mapped includes household density, agriculture, net income, diet relief, household
maizeavailability, tropica livestock units per adult equivaent, household’ sown food avail ability,
cash box, and human population density.
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Ngorongoro asitisnow. The control model was
used to calibrate the PHEWS module.
Ecologicaly, theoutputsof the control modd are
quite stable; animal populations rise and fall
annually andinresponseto longer-term weather
patterns of bel ow- and above-averagerainfall,
but basically the system isrelatively stable. For
calibrating PHEWS, the object was to end up
with similar stability in terms of household
welfare and herd numbers. The control runwas
undertaken with no population increase
imposed and with the values of a number of
other inputs stable.

Summary resultsfor theNCA control runare
tabulated in Table 8.8. Thefirst six rowsof the
table show thetotal percentage makeup of diet
for thethree household types.

The dataof Smith (1999) and others show
clearly that the diets of the Maasai in NCA do
not vary much depending on household wealth.
Assuming that giftsrelief (the portion of the
diet that cannot be produced by the household
from animals or crops, and that cannot be
bought with cash) arein milk, then the dietary
figuresfrom the control runindicatethat NCA
dietsaremade up of about 12% mest, 29% milk,
and 56% grain, which accords well with the
approximate 10:30:60 proportionsfor meat, milk
and grain that other researchers have found
(Homewood and Rogers 1991, Bekure et al.

1991). A mgjor indicator of household welfare
liesinthepercentageof giftsor rdief. Asmight be
expected, this changes sharply, depending on
householdwedth, from 13% of dl dietary energy
in poor householdsto zero for rich households.
The problemsthat poor and medium households
have are not surprising, given that these
householdshave 1.07 and 1.65 TLUs per Adult
Equivalent (AE), on average. Even the rich
households have only 4.40 TLUs per AE,
which is well below the threshold of 6-8 that
is often cited as a necessary requirement for
sustainabl e pastoralism (Dahl and Hjort 1976,
Gavinetd.inpress).

Theneedfor poor householdsto receivegifts
or relief ishighly seasond, asmight be expected.
Resultsfor theaveragemonthly relief figuresfor
poor and medium householdsindicated that such
households are clearly at serious risk of food
insecurity during certain months when the
household’s own resources can provide 60% or
lessof theenergy requirementsof the household
members. Interestingly, therewasaninteraction
between the time when households are most
affected and household type. Poor households
were, on average, particularly badly affectedin
December, January, and February, whilemedium
households were more affected in August,
November, and December. Medium househol ds
had larger herdsand moreareain cropscompared

Variable Poor Medium Rich
Total milk consumed (% in diet) 131 20.1 29.0
Total own grain consumed (% in diet) 16.2 125 17.1
Total meat consumed (% in diet) 11.8 11.9 115
Total other, including sugar (% in diet) 2.9 3.0 2.9
Total bought grain consumed (% in diet) 42.5 44.1 39.6
Total gifts/relief (% in diet) 134 8.4 0.0
Total income from selling (Tz Sh, 000) 498 686 2,826
Cash used to buy food (Tz Sh, 000) 1,098 1,951 2,108
Average cashbox per month (Tz Sh) 9,504 11,131 132,453
Cashbox sd per month (Tz Sh) 7,389 10,602 44,862
Own food available (%) 41.1 44.5 57.6
Average TLUs per adult equivalent 1.07 1.65 4.40

Table 8.8. Summary output for the control run over 15 yearsfor the three household types.
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with poor households, but they had more people
than poor househol ds (about 12 AEs compared
with7) andthus, greatly increased monthly caloric
requirements.

Theresultsalso highlighted differencesin
income and cash used to buy food by
household type (these are totals over the 15
years of the simulation run). The average size
of the cash box per month is shown in row 9
of Table 8.8. The standard deviation of these
figures by household type showed huge
variability for poor and medium households
alike. The CV is close to 100%, again
underlining the vulnerability of such
househol dsto cash shortages and thus, to food
shortagesaswell. Again, asmight be expected,
the results showed that the richer the
household, the greater the percentage of food
availablefrom the household's own resources,
although even rich househol dswere dependent
for 40% of their calories on outside sources.

It must be remembered that these results
apply in a reasonably steady-state situation.
Assuming that the calorie transfers via gifts
and relief are actually occurring, then the
control run describes a reasonably stable
situation. The results for evolution of rich
household herd sizes demonstrated substantial
seasonal variation, but the overall trends in
livestock numbersper household arefairly flat.
Thisisnot surprising given that total numbers
are cyclical, but stable (Boone and
Coughenour 2000) and that the number of
households is constant. Similarly, if the two
ratios, actual TLUs per AE and cash income
per month per AE, or the two welfare ratios
(these as a proportion of the household’s
desired numbers of TLUs and cash income)
are plotted over time, no trends were apparent
for any of the household types. In atypical
simulation year, poor householdsinthe control
run were selling two or three goats for cash,
medium householdsaresellingthreegoatsand a
steer for cash, whilerich householdsweresdlling
threeor four steersduring the year for cash.
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Asan exampleof the spatial output that can
be produced using SM'S, maps of model output
were produced which showed that household
density in NCA for thefirst four months of the
control run. Themapswereidentical, asthereis
no population growth inthe control run. Insum,
theresultsfrom the control run for thehousehold
model showed reasonable stability over a15-year
period, but sustainability of households and
household welfarefor thelesswell-off are till
dependent on gifts and/or food relief. All
householdsdepend on*outside” food caories,
which haveto be purchased.

Thenumber of TLUsper AEfor dl household
typeswasvery low, and poorer householdswere
very food- and cash-insecure. The control run
showsclearly that pastoralist welfarein NCA,
evenwith smal amountsof agriculturedlowed, is
not evenremotely internaly sustainableat current
humean populaionlevels Eventhebassfor looking
at arangeof dternative scenarios, therefore, isof
real concern. A range of other scenarioswererun
using Savannaand PHEWS., Detailsof themode
canbefoundinGavinetd. 2000andin Thornton
eta.lnpress

KAJIADODISTRICT

Resear ch

Thesituationinthe second case study site,
Kajiado in Kenya, is very different from the
case of NCA. Theland tenurereform program
implemented in Kgjiado District from asearly
as 1962, in which group and commercial
ranches were established, set the stage for the
development of conflict between wildlife and
pastoral livestock. The Land Adjudication Act
of 1968 launched the process of conveying
common and undivided land titles in the
ranches to the members of the group, paving
theway for adevel opment program to convert
the subsi stence pastoralism on theseranchesto
commercia ranching (Davis 1999, 2000).
Pastoralists were able to move about to avoid
concentration of wildlifeintheir grazing areas
at certain seasons in order to minimize
transmission of diseases from the wildlife.
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However, the assignment of property rightsto
discrete land rights has circumscribed such
movement and reduced the flexibility with
which pastoralists can use nomadic movement
to minimize wildlife-induced losses.
Thegroup ranch program had the objective
of increasing the off-take of pastoral livestock
for commercia sale and thereby meeting the
objective of satisfying the beef demand of
urban markets and also commercializing
livestock production for the benefit of the
pastoralists. However, the group ranch
program hasnot fared well. Hardly any of the
objectives for which it was established have
been attained (Munel 1990). This is because
the group ranches do not operate as economic
organizations, but merdy ascommercid land units
with asharedtitle deed by many individuaswho
carry on their livestock production activities
individually. Theessenceof thegroup ranchisthe
joint acquisition of ranch capital inputssuch as
dips and boreholes. This would bring the
pastoralists together in contributing to the
establishment of these capital goodsaswell asin
contributing to maintenance costs. But thisaspect
of group ranchingisdormant. Most group ranches
never managedto acquiretheseinputsandinthose
group ranches where they have acquired the
inputs, many are rusting away from non-use.
The individuals prefer to use hand pumps
rather than commund dips, andtodigwelsrather
than jointly maintain and useaborehole.
Without the sharing of acquired inputs, the
group ranch implies merely joint ownership.
The focus of individuals in group ranching
then becomes land ownership. Conflicts have

arisen and proliferated over membership of a
group ranch, and therefore, over entitlement
to a share of the group ranch, aswell as over
the actual use of group ranch resources, such
as grazing and water. The group ranches that
have not been subdivided are generally those
that have pending court cases concerning
disputes over land ownership. There are also
a few group ranches that have not been
subdivided either because they are too dry
(those in Magadi division, for example) or
because there are some wildlife tourism
benefits anticipated. Otherwise, the
unmistakable trend for group ranches in the
district is a movement towards privatization
through subdivision. Table 8.9 showsthe status
of thesubdivision of group ranchesby September
1999. Twenty-nine group ranches have been
completely subdivided such that theownershave
obtainedindividud titledeeds. Intotd, thesegroup
ranchesaccount for 51% of al group ranchesand
35% of the group ranch area. However, when
these are added to another el even group ranches
inthe processof subdivision, theextent of group
ranch privatization becomesclear. Therearethus
40 subdivided group ranches, constituting some
70% of all group ranches and 59% of group
ranches moving into private ownership and
control. Only 17 group ranches remain intact,
constituting 30% of all group ranches and
covering 41% of the group ranching area
(Mbogoh and Munei 1999).

Inthe 1980s, Maasai group ranches began
toinitiate wildlife and tourism projects. At the
sametime, Maasa wererapidly changing from
subsistence pastoralism to an economy of

Group Completely Partially Not yet
ranches subdivided subdivided subdivided Total
Number (n) 29 11 17 57
(%) 50.9 19.3 29.8 100
Total area (ha) 552,734 384,517 653,409 1,590,660
(%) 34.7 24.2 41.2 100
Averagearea (ha) 19,060 34,956 38,436
Table 8.9. Status of group ranch subdivisionsin Kagjiado District, 1999.
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farming, salaried employment, and commercia
livestock ranching. Changing land useiscurrently
transforming theentireeconomy of Ambaosdli from
amixedwildlife-livestock systemto aprimarily
agriculture-based system. The proximity of
wildlife, farm fields, and ranching isacause of
constant conflict. Therearegreat uncertainties
about the spread of fencing from shambasand
small stock pasturage to wholesale areas, the
subdivision and spread of cultivation to
submarginal areas, wildlife becoming a
commercial reality for the ranchers, the
governments's ability to stem corruption,
guarantee property rights and recover the
Kenyan economy (Davis 2000). The Maasal
production systems are very much in a state
of flux. Asin NCA, food security is still an
issue of great concern, but the market
orientation of these systems is generally
widespread.

Relatively little is known, however,
concerning the economics of ranching in
Kagjiado in recent times. The studies of Bekure
et a. (1991) and Munei (1990) provide much
useful detail, but up-to-date information on the
economics and competitivenessof ranching is
generally absent (Mbogoh 1999). For this
reason, work on the Kajiado case study
concentrated on assembling the information
that would be needed for redefining parts of
PHEWS and for calibrating it for the more
commercialy-orientated production systems
found there. It was clear that some of the
decision rules in PHEWS would need
considerablerevision fromthe NCA situation.
Livestock purchasing and selling decisionsin
Kajiado, for example, may be made for very
different reasons compared with NCA, and the
type of model needed to simulate such
decisions is likewise going to be somewhat
different.

As part of the socio-economic sub-
component of the CRSP project, two surveys
were carried out in Kgjiado to generate data
for the socio-economic modeling effort. In
addition, a 15-month PhD socioeconomic
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research project isunderway. Inthefirst survey
of thewildlife, livestock and human interaction
in Kgjiado District focused on the case of the
Amboseli National Park wildlife dispersal
areas encompassi ng the Kimanaand Mbirikani
Group Ranches (Mbogoh and Munei 1999).

The first survey found no evidence of
severe competition for available resources
between livestock and crop productionin both
Mbirikani and KimanaGroup Ranches. Onthe
contrary, there appears to be some degree of
complementarity. Manure from cattle and
livestock keeping findsusein crop production.
Livestock and cropping enterprises give
relatively high rates of return to capital, and
most of the pastoralists and agro-pastoralists
areableto derivetheir livelihood from thetwo
enterprises.

The second survey was carried out in July
2000 in an attempt to concentrate on the more
highly commercial ranching operationsfound
in the Kagjiado District. In summary, all
respondentswere married male adult ranchers
(inMaasai culture, ranchingisamaleactivity).
Whileranching wasthe main economic activity,
57% engagedin other economicactivity inaddition
to ranching. Some 23% of the sampleattempt to
producecropswithinther land holdingswhenever
ranfadl permits. Most rancherskeep cattle (mostly
local breeds), sheep and goats. Over 70% of the
herding, milking, and other livestock-related
labour is hired, the rest being provided by
family members. All respondents control ticks
and give veterinary drugs (commonly
antibiotics) to their cattle. Respondents had
invested quite widely in arange of facilities,
such as water boreholes, cattle crushes and
dips, fencing and water tanks. Most had also
invested in residential and workers' housing.
Only 12% of ranchershad taken credit over the
last fiveyears. Most werefor steer purchasing
and fattening. Respondentscited highrisk, high
interest rates, andthelogigticd difficultiesof getting
credit asthemajor reasonsfor not taking more
credit for ranch devel opment.
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Preliminary analysi sindicatesamean annual
profit per ranch of some KSh 205,000 (US
$2,600) for all respondents, but therearelarge
variaionsdepending onranch size. For thosewith
lessthan 240 ha, for exampl e, reported average
total revenuebarely coversaverageannua costs.
Full survey resultsand analysisare presented in
Mbogoh and Munei (2000).

The PhD research project isfocused onthe
issues of how pastoral welfare, livestock
production, and human-wildlife interactions
are impacted by larger-scale environmental
and political economic factors which
characterize the greater Amboseli ecosystem
(BurnSilver inprogress). Research effortsrevolve
around thefollowing three corequestions:

1. What arecurrent Maasal land use patterns
acrossagradient of ecological and human
induced infrastructural heterogeneity?

2. Howisthetraditional strategy of pastora
mobility modified within the constraints
imposed by current land tenure arrange-
ments and household level choices of
economic strategies?

3. What istherelationship between levels of
pastoral welfare and the quantity/quality
of human-wildlifeinteractionsand M aasai
land use patterns as reflected in economic
strategies and spatial scale of land use?
a) What are the economic strategies of
Maasal householdsacrossdifferent regions
of the study area? To what extent are eco-
nomic intensification and diversification
occurring, and isthereaspatial component
to these economic strategies within the
Amboseli Basin?

b) What are the implications for M aasai
productive strategies at the household
level?

¢) Dotheseprocesseshaveimplications
for human-wildlifeinteractionswithinthe
Amboseli region?

Six study areas have been chosen asfocus
areasfor thestudy. Thesesix areasfall within
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four Maasa Group Ranches: Mbirikani, Olgulului/
Lolarashi, Esdengel, and Oslde. Aswel asfdling
along aclimatic/vegetation gradient, the study
aressrepresent arange of land tenuretypes, levels
of market access, and avail able combinations of
resource/economic infrastructure- all variables
that interact to affect the land use strategies
pursued by pastordistswithinthewider Ambosdi
ecosystem. As well, these group ranches
essentially form a ring around Amboseli
National Park, and as such, contain the
seasonal dispersal areas for much of the
region'swildlife.

A general settlement survey of all bomas
(Maasai compounds) withinthesix study areas
was carried out in order to begin to address
guestion number one described above. Data
gathered included settlement location, number,
and identities of elderswithin each settlement,
economic activities(i.e., livestock, agriculture,
employment and business activities), aswell as
the spatial distribution of all economic activities
across the landscape. Table 8.10 and Plate 2b
illustrate the broad land use patterns of Maasal
producersacrossthe study areas. Theseresults
represent land use at the scal e of the settlement.
The type and presence or absence of water
resourcesisclearly adeciding factor intheland
useand economic decisionstaken by pastoraists
inthisarea. Fully, 79.9% of all settlementsare
engaged in someform of agriculture; however,
thetype of agriculturerangesfromrainfed (in
Osilae and Eselengei areas) to swamp-based
irrigation (inthe Southern Mbirikani study area),
and extending south onto the rainfed slopes of
Kilimanjaro at Loitokitok. The number of
householdsinthe Osilalel and Eselengei study
areas, whicharecarrying out rainfed agriculture,
illustratesthat at the high end of the precipitation
gradient defined by the Amboseli study zone,
agriculture currently is considered to be a
worthwhile economic diversification strategy
by pastoralists. However, how successful a
productive strategy this is over consecutive
years remains to be seen. Even in areas with
levelsof precipitation not sufficient for rainfed
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agriculture, pastordistsaretaking stepsin order
to guarantee themselves accessto agricultural
resources. Column 1 of Table8.10indicatesthat
some pastoralistsin particular areas (primarily
Northern Mbirikani and Meshenani Ridge) are
usinga“two-bomasystem,” inwhich households
areqolitintomultiplefunctioning unitsthat sraddle
both an agricultural area (like the swamps or
Loitokitok) and a dry pastoral area (like N.
Mbirikani, Lengism, and Meshenani). This
strategy of spatial economic diversificationis
an interesting phenomenon, and it remains to
be seen if particular labor and capital
requirements are necessary in order to make
thestrategy possiblefor individua households.

Both Plate2b and Table8.10illustrate that a
significant proportion of pastora households
acrosstheAmbosdli study zonearetaking partin
some form of employment and/or business
activities. Businessactivitiesrangefromgran
grinding, small shops, and cattle trading to
buying and selling of vegetables and other
commodities. Employment activities are

centered around two major typesof activities: 1)
work in Nairobi/Malindi, and 2) employment
linked with the wildlife and tourism sector.
Preliminary analysesindicate that up to 55% of
al employment acrossthesix sudy aressislinked
withwildlifeand/or tourism.

This research project is employing data
gathering tools at multiple levelsin order to
identify the processes at work which underlie
the broad scale patterns presented above.
Multiple entry household surveys are being
carried out with a small sample of 38
pastoralist households across the six study
zones. Preliminary analysis show that average
TLUsper adult equivalent for each study area
rangefromalow of 5.5in Mbirikani Southtoa
high of 10.23 for Meshenani (Table8.11). The
high and low results for these two areas in
particular makes sensein view of thefact that
large-scale land use patterns indicate a high
dependenceonlivestock on Meshenani Ridgeand
alower absolute dependence onlivestock inthe
agro-pastoral areaof the swamps.

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) 2 @15 @ (1) 1) ) (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 23 116 43
Mbirikani (40) D (20) 4 (D) 5) (33) (@) 3
North 56.3 14 282 563 14 7.0 46.5 5.63 4.2 71
M birikani (29 % @ (43) (0)] 2 (36) (0)) D
South 21.1 4.4 4.4 49.8 0.0 2.2 40.0 0.0 11 90

Table 8.10. Land usetypesacrossthe study zones. * The first number in each cell (in parenthe-
ses) denotes number of bomas with specified land use type (column); the second number
denotes the percent of respondents within that study area (row) using that land use type.
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Study Area Mean N SD
Selengei 5.23 6 3.363
Lengisim 9.99 6 9.553
Meshenani 10.24 7 5.840
Mbirikani North 6.32 8 4,287
Mbirikani South 5.52 7 1.960
Oslde NA NA NA
Total 7.42 34 5.582

Table 8.11. TLUs per average adult male
equivalent/household. N - number of
households; SD - standard deviation.

Anthropometry and Diet Intake

In cooperation with the District Hospital
in Kajiado Town, the Lengism Mission
Hospital, and Dr. Risaat Loitokkitok Hospital,
anthropometric measures of nutritional status
weretaken on amost 1000 Maasai during May
and June 2000 and within each of the six study
areas. In addition, a number of diet intake
surveyswere conducted in June and July 2000
for Maasal women and their children.

The nutritional status information and
household diet data, along with the economic
data provideinformation on human economic
status and human welfare under current
circumstances. Thisinformation will be used
inthe PHEWS modeling system to project the
effect of changes in policy, management,
economic, or ecological conditions. For example,
if policy or management decisions are
contemplated that suggest anincreaseor decrease
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in the flow of income or food energy, we can,
based on the current nutritiona statusindicators,
suggest theimpact of these decisionson human
welfareand food security.

Summary

Land tenure changes associated with, first,
the development of group ranches and then,
processes of privatization haveresultedinvery
different wildlife-livestock interactions for
Kajiado than for the NCA. The implications
for human welfare may not be that different,
however. Wedo not know theanswer at thistime.
Itisclear that diversfication of livelihoodsin both
gpaceand activitieshasresulted inmultipleland
uses in Kajiado. Yet there is still a great
dependence upon livestock. Aswasthe casefor
the NCA, it is clear the conservation and
deve opment policy must becarefully crafted for
goplication. Itislikely that optimization of severd
goals such aswildlife conservation, livestock
devel opment, and enhancement of human food
security and welfare is not attainable. Rather,
compromised policiesand management aregoing
to havetobetherule.
Acknowledgments

Wethank Randy Boone, ShaunaBurnSilver,
Mike Coughenour, Jm Ellis, Stacy Lynn, Ann
Magennis, Terry McCabe, and Nicole Smithfor
important inputsto thiswork at various stages.
All errorsand omissionsremain our responsibility,
however.

Chapter 8 123



£%2 Globa Livestock CRSP, IMAS Report. 2001 124



Chapter 9

Animal Disease Risk and
Modeling in East Africa

James C. DeMartini, Rodney H. Howe, Jan G. Grootenhuis,
Paul M. Rwambo, and Randall B. Boone

INTRODUCTION

Diseasesof wildlifeand 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 include disease as a component of In-
tegrated Management and A ssessment System
and to consider the impacts of disease in the
generation of management alternativesfor the
ecosystem. Thisrequiresdevelopment of dis-
ease submodules within SAVANNA. Prior to
developing the disease submodules, it isim-
portant to obtain information on the occurrence
and distribution of important diseases within
the affected animal populations. In this
project, two general approaches were em-
ployed to obtain the necessary background
information: 1) field diseaserisk assessments,
asdescribed for the Ngorongoro Conservation
Area (NCA) below, and 2) use of published
data and reports. Based on criteria such as
morbidity and mortality and economic or eco-
logical impact, 3 diseaseswere prioritized for
initial emphasis: malignant catarrhal fever,
rinderpest, and East Coast fever. For each of
these diseases, it was necessary to either ob-
tain dataor make assumptions concerning spe-
cies affected by the disease, itsimpact on the
host population, development of immunity or
resistance in each species, shedding, survival
and transmission of the causative agent, the
role of invertebrate vectors, and the applica
tion and economics of current disease control
measures. Following development of thedis-
ease submodules, linking points and the na-
ture of interaction with other submodules of
SAVANNA wereidentified and characterized,
including forage production, bioclimatology,
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animal nutrition, animal migration, animal
distribution and contact, and animal popula-
tion demographics.

DISEASE RISK ASSESSMENTS

Ngorongoro Conservation Area,

Tanzania

The NCA isan 8,300 sq km area support-
ing various numbers of wildlife species and
livestock. It can be divided into six land use
zonesbased onrainfall, vegetation, and topog-
raphy. Several factorsincluding the avail abil-
ity of pasture, water, and salts influence the
annual livestock grazing patternsinthe NCA.
The presence of ticks and tick-borne diseases
and the potential for transmission of malig-
nant catarrhal fever are major determinants of
livestock grazing patterns, and a possible
source of conflict between pastoralism and
wildlife conservation (see Chapter 2). Partici-
patory rapid appraisals (PRA) to determinethe
priority diseasesof livestock, theanimal health
constraints to livestock productivity and the
community perception to wildlife as a poten-
tial source of diseases of livestock were con-
ducted. In 1998, the pastoralistsidentified East
Coast fever (ECF), ormilo (turning sickness),
malignant catarrhal fever (M CF), anaplasmo-
sis, contagious bovine pleuropneumonia
(CBPP), blackquarter, lumpy skin disease and
anthrax asthe most important diseases affect-
ing cattle, sheep and goats (Tables 9.1 and 9.2).
Since 1984, the incidence of tick-borne dis-
eases including ECF and ormilo increased
drastically and the average mortality rate as-
sociated with the two tick-borne diseases was
18% in adults and 52% in calves under 12
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months of age. Analysisof PRA datawas use-
ful in documenting the seasonal and geo-
graphic occurrence, as well as the currently
used means of control of these diseases. The
risk of direct disease transmission from wild-
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lifetolivestock was primarily associated with
thewildebeest. Diseaseincidencevariedwith
the species and location (Figure 9.1), but, be-
cause of animal movements, virtually al live-
stock were considered to be at risk from all
diseases present in the NCA. This informa-
tion on disease interactions formed abaseline
for development of the disease model for the
IMAS.

The investigations on wildlife/ livestock
disease interactionsin the NCA revealed that
some wildlife diseases and several livestock
diseases constrain pastoralism and cause con-
flict between livestock production and the con-
servation of natural resources. The lessons
learned in the study include:

1. During discussionswith key stakehol d-
ers and community members during partici-
patory rapid appraisals, thefollowing diseases
of livestock wereidentified asposing serious
congtraintsto livestock productioninthe NCA:
ECF, Ormilo, MCF, CBPP, calf pneumonia,
anaplasmosis, anthrax, and blackquarter were
the priority diseasesrequiring urgent interven-
tion because of the high mortality rates they
cause in livestock. An average mortality rate
of 52% for calves below the age of one year
wasreported. Thishigh mortality ratein itself
could beresponsiblefor the serious decline of
cattle populations that has been observed in
the NCA for a number of years. Tick-borne
diseases, principally ECF, were listed as re-
sponsible for the high calf mortality. During
the study, it became apparent that thereisvery
little information, if any, on cause-specific
morbidity and mortality data on nearly all the
livestock and wildlife diseasesin the NCA.

Figure9.1. Diseaserisk in Ngorongoro Con-
servation Area, Tanzania. The sources of
transmission or diseases are: a) buffalo
(darkly shaded) and malignant catarrhal
fever (lightly shaded), b) anthrax (black)
and East Coast fever (darkly shaded), and
¢) Rhipicephalus appendiculatus. Adapted
from Rwambo et al. (1999).
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2. Theannual removal of livestock from
the short grass plains during the wet season to
the intermediate and highland areasin avoid-
ance of exposureto MCF virus being secreted
from two to four months old wildebeest calves
exposes livestock to high risks of transmis-
sion of tick-borne and infectious diseases. We
were surprised to note that the community does
not associate buffalo as a source of livestock
disease, particularly as a source of ECF.

3. Although the disease risks are not
evenly distributed in the NCA, the frequent
migration of livestock in search of good pas-
ture, water, salts, markets and in avoidance of
specific diseasesinvariably leads to livestock

being at risk of exposureto al thewildlifeand
livestock diseases (Table 9.3). The situation
is worsened by the concurrent migration of
various wildlife speciesin search of pastures,
water, and salts. However, therisk of thetrans-
mission of selected animal diseasesincluding
MCF, trypanosomosis, anthrax and
blackquarter is confined to geographically
defined areas where risk can be mitigated by
avoidance, albeit at the expense of availabil-
ity of good grazing (Table 9.4).

4. Theconcentration of livestock and wild-
life in the available pastures is a potential
source of conflict between pastoralism and
natural resource conservation. The available
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Table9.1. Diseases affecting cattle, sheep, and goatsin the NCA asidentified during participa-
tory rapid appraisals conducted in Olbalbal, Endulen, and Nainokanoka. Solid circles sig-
nify the presense of the disease, open circles its absence.
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(ML.BALBAL EXNINLEN MAINORAMOR A
1 East Coast fever East Coast fever East coast fover
2 Malignant catarhal — Cemilo Ormitlo
fever
3 Calf precurmonis CBPP Anoplusmosis
4 Anaplasmosis Blackiuaorier
5 Amnthrax Lumpy skin disease Malwman cotarrhal

fever

Table 9.2. Priority ranking of livestock diseases by Maasai respondents during participatory
rapid appraisals conducted in three sitesin the NCA.

spaceisgreatly reduced through concentration
of animalsin areaswith low risk of transmis-
sion of disease causing agents such asthe MCF
virus during the wet season.

5. To balance pastoralism and conserva-
tion of natural resourcesinthe NCA thereisa
need to develop a sustainable livestock man-
agement program for the control of tick-borne
and infectious diseases. A prerequisite of the
development of such a program is the pres-
ence of acapacity to diagnose disease both in

wildlifeand livestock. Thereis some capacity
to recognizeclinical disease and providetreat-
ment, but there is a clear lack of diagnostic
ability to deal with mortality epidemicsin both
livestock and wildlife.

Kajiado District, Kenya

Based on a brief survey of Kgjiado Dis-
trict, adisease risk assessment using apartici-
patory rapid appraisal (PRA) approach was
begun. Dr. Kamaru, District Veterinary Of-
ficer in Kgjiado cited enhanced livestock dis-

JAN FEB | MAR | APR | MAY | JUN

JUL | AUG | SEP | OCT | NOV | DEC

DRY SEASON

DISEASE KEY

[hsease most senous

Chsease less serous

Table 9.3. Seasonal calender of livestock diseases in the NCA. The disease calender was de-
rived from information obtained during PRAs in Nainokanoka, Olbalbal, and Endulen in
1998. CBPPis contagious bovine pleuropnemonia, and MCF is malignant catarrhal fever.
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ease control problems because of the drought,
including foot and mouth disease, contagious
bovine pleuropneumonia, and ECF dueto lack
of adequatetick control. Transboundry issues
(Kenya-Tanzania) relating to animal move-

ment and disease introduction were al so men-
tioned. The directors and severa households
inthree group ranchesthat surround Amboseli
Nationa Park, including Eselenkei, Mbirikani,
and L olarash Group Rancheswereinterviewed

DISEASES

GEOGRAPHIC
DMSTRIBUTION

INTERVENTION

h

f

Tick-borne diseases

1. EastCoast fever

2, Ommilo (tuming
sickness)

3. Anaplasmosis

4. Babesiosis

5. Heartwater

fr. MNairobi sheep
disease

Transhoundary diseases

. Foot-and-mouth
disease

CBPP
CCPrP
Lumpy skin disease

w1

Poini source dizeazes
. Anthrax
2, Blackquarter

Wildlife diseases

1. Malignant catarrhal
fever

Trypancsmmosis

. Foot-and-mouth
disease
Brucellosis

Tick-bome diseasas
Intestinal parasites

_.-\.l!..ll

s

_ﬂ"\- wh

Gastrointestinal
parasites

Baciterial pneumonia

1. Highlands
2. Crater
3. Slopes
4. Woodlands

High hurmidity and
vesetation cover. May be
wadespread nsk because
animal movement

Mot geographically
defined. Rusk increased by
uncontrolled animal
moverment

Risk confined o linited
aregs for example in the
Olbalbal swamp and
deprassion

. MCF nsk confined 1o
short grass plains from
Jan-April

I-a

Trvps confined to low
woodlands and
FIVEFINE Areas.

Bomas

Bomas and highlands

| [

-

T
'

I

Lk

I

Ly e Ld k3

Early treatment with
butalex

Infection and
treatment with local
parasite strans
Improved tick control
with acanicides

. Waccination

Waccmaton and
survelllance

. Wacomaton and'or

antibiatics
Waccination

Yaccimation
W acocmation

Keep cattle away from
wildehest
Chemoprophylaxis
Vaccination of cattle
Vaccination

Reduce ticks wath
acariculas

Stratemic worming of
cattle

. Strategic use of

anthelmumtues

Antibiotc tregtments

Table 9.4. Geographic distribution, the risk of transmission, and the intervention strategy for
control of common livestock diseases in the NCA. CBPP is contagious bovine
pleuropnemonia, and CCPP is contagious caprine pleuropnemonia.
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using a set of questions relating to livestock
mortality and causes of ill-health by age class
in cattle, sheep and goats. Information aso
was obtained about traditional knowledge of
sources of diseases from observation of wild-
life interactions, particularly MCF transmis-
sion to cattle from calving wildebeest. Sev-
eral diseases consistently were cited asamong
the 5 most important problemsincluding East
Coast fever and other tick-borne diseases,
malignant catarrhal fever, contagious bovine
pleuropneumonia, foot and mouth disease, and
anthrax. Mortality among calveswas surpris-
ingly high, often over 50%. The Veterinary
Officer in Loitokitok, Dr. L. Mwamodo, was
very helpful in translating Maasai names for
these diseases into English.

DISEASE SUBMODULES

Introduction

Ecologists, epidemiologists and econo-
mists often find themsel vesfaced with the need
to model animal disease interactions in both
time and space. However, the mgjority of ani-
mal disease interaction modelsthat have been
developed to-date characterize disease inter-
actionsonly in time. Integrating these tempo-
ral disease spread models with spatial maps
poses problems. The first recognized prob-
lemisthat to integrate time and space requires
acompromise in granularity of either time or
space or both. Most often this compromise
affects spatial resolution. Maps and areas of
interaction of large animals that cover large
amounts of space require enormous amounts
of computer power to manipulate, and to inte-
grate temporal disease models that show the
spread of disease over time requires sacrific-
ing either resolution in space or anincrease of
time intervals between each spatial snapshot.
There are numerous references about tempo-
ral disease models and a few on spatial-tem-
poral disease models. Very few of these spa-
tial-temporal disease models actually use geo
-referenced maps that depict animal density
and animal movements over time. The reason
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seems to be that few researchers have devel-
oped methods for applying atempora model
to multiple spatial maps. The development of
wildlife ecology modeling has become more
important as decision makersrealize the need
to adjust to changes in climate, drought, fire
and other natural effects on populationsof both
wild and domestic species.

Our goa indeveloping spatia disease mod-
elsincluded development of modelsfor malig-
nant catarrhal Fever, rinderpest and East Cost
fever inthe NCA of Tanzania. We havefinalized
the model for M CF and have adraft model for

rinderpest.

Malignant catarrhal fever

MCFisahighly fatal diseaseof cattle caused
by Alcelaphine herpesvirus 1 (AHV-1)
(Plowright, 1990). Affected cattledevelopamulti
systemic disease within amean incubation of 4
weeks after exposuretovirus. InAfrica, wilde-
beest serve as unaffected carriers of the caus-
aivevirus AHV-1. After becominginfectedfrom
thedam, wildebeest calvesshed thevirusin nasal
and ocular secretionsand thisservesasasource
of infectionfor cattleexposed through grazingin-
fected pasture.

For this project we used amixture of long-
term ecological data and computer (math-
ematical models) to examine epidemiology of
MCF inthe NCA. We have described thein-
corporation of arisk based biased mixing dis-
ease model (Hyman et al. 1989) into the spa-
tial ecology model, SAVANNA.. For thisstudy,
wildebeest and Maasal pastoralist cattle popu-
lation and migration patterns have been com-
piled for SAVANNA, (McCabe et a. 1989;
McCabe 1999.)

Recently reported data describe the annual
removal of livestock from short grass plains,
during the East Africawet season, to interme-
diate and highland areas to avoid exposure to
M CF virus secreted from 2—4 month old wilde-
beest calves. Thisconfirmstheuseof proximity
as an avoidance method in reducing spread of
M CF from wildebeest to Maasal cattle (Figure
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Decembar to
February

Mid-February to
April

Mid-&pril to
June

r‘" Cattle movements

B Foresis
W Water

- Grasses, shrubs,
woodlands

Figure 9.2. Maasai cattle movements, re-
sponding to the risk of MCF. In the dry
season (not shown), the cattle occupy the
midlands and highlands. Adapted from
McCabe (1995).
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9.2). Rweyemamu et. a. (1974), reported that
AHV-1isgpread mostly through nasal secretions
onto grass and grazing areas of the NCA and
Serengeti, and Rossiter et al. (1983), found that
theMCF virussurvivesintheenvironment for as
littleas 3 hoursunder the ultraviol et rays of the
sun. Thesefacts make the M CF mode apoint of
contact model wherein cattle exposureto thevi-
rus depends on occupation of the same spatial
areaby wildebeest withinashort period of time.
All epidemiology and disease modelstrack the
spread and effects of diseasewithin populations
over time. Itisonly with recent advancesintime
step delinesation of spatial datathrough computer
simulation that model s can be used to show spa-
tial epidemiology curvesand infection mapsthat
represent both where and when diseasein atar-
get populationislikely to occur.

In the devel opment of spatia -temporal dis-
ease spread modelsthe first step isto identify
population densities on a map for each time
interval or time step. The decision for the
length of each time step isdependent upon the
epidemiology of the disease. For MCF the
largest time step possible isone week. Thisis
based on the wildebeest calving cycle and the
infectious period of MCF, which isrelatively
short. In some cases, such as rinderpest the
incubation period must also be taken into ac-
count. Shortening the time step leadsto mag-
nitudes increase in computing time and map-
ping time to accomplish adiminishing return
inaccuracy. Spatial resolution becomesacon-
sideration dependent on the size of the area.
Theareamodeled, NCA and land within 5km
of NCA, isclose to 10,000 km?. Simple math
will show that, for example: 52 weekly time
step maps of 10,000 1-km x 1-km pixelsfor a
period of 15 yearsequals 7,800,000 pixel ele-
ments that need to be processed for each spe-
cies. Each pixel hasto have estimates of sea-
sonal population densitiesfor at |east two spe-
cies. In this case a total of 15,600,000 pixels
would be processed for wildebeest and domes-
tic cattlewith the probability that cattle might be
exposed to M CF given parametersof prevaence,
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proximity, exposureand infectiousnessof thedis-
ease agent. To easethe computational require-
ment we re-gridded the mapsto 5 km x 5 km,
with the study area 35 x 35 cells. Thisreduced
the per speciespixel count to atotal of 955,500
foral5year smulation. (Inpractice, SAVANNA
uses 12 monthsof 4 weekseach, for atotal of 48
monthsinayear.)

Thetempora model needed to bewrittenin
suchaway that it can read the speciespopul ation
density map files. Wefound that writing these
modelsin FORTRAN, Pascal, BASIC or Visual
Basicwasthe best approach. Theintersection of
time step species maps, given probability input
parameters, createsaseriesof weekly infection
mapsused inthedisplay. (Figure9.3) Thisis
perhapsoneof thelimitationsof creating spatial-
tempora modes. Many Gl Sand remotesensing
software packageswill export map imagesinto
flat fileor binary format, but these software pack-
agesarenot conduciveto accessing mapfilesdi-
rectly without the use of import/export functions.
Atthistimeitisuptotheresearcher toread and
writemap filesfrom aprogram written to model
theintersection of two or more speciesmapsand
then write out aninfection map readable by the
GI S software of choice. When thisprocessis
automated it ispossibleto build auser interface
screen to allow input and experimentation with
sensitivity parameterssuch as proximity of one
speciesto the next, exposureto diseasetimees-
timates, infectiousness estimates and prevaence
esimates.

Itishoped that our work on spatia -temporal
disease model s can be used to further thescience
of building good simulations of diseaseinterac-
tions between wildlife and domestic cattle. One
of our primary concerns hasbeen the ability to
eva uate the effectiveness of thistype of model-
ing. To address this problem we considered
modifying the model to accept input valuesfor
known quantitiesof exportsof liveanimasfrom
oneareato another.
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Figure 9.3. The number of MCF infections
per pixel summed over four weekly time
steps (one month).
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Rinder pest

We sought to model the progression of
rinderpest outbreaks in NCA herbivores. We
requiredthemodel to: model patternsredigtically,
incorporate anima movementsinto diseaserisk
and spread, ensurethat the application wasflex-
ible enoughto be gpplicableto other East African
landscapes, and be compatiblewithlogic usedin
the SAVANNA modding system, sinceitisto be
merged with SAVANNA.

To makethe modeling effort more efficient,
the modeling was made modular. We havefin-
ished animportant modulein that process, com-
pletingamode that predictsthe spread of rinder-
pest throughout the host cattle population well.
Becausewe sought toincludetheregional spread
of rinderpest as cattle are moved about NCA,
werequired some* tessdllation,” some set of non-
overlapping polygons covering NCA, to track
cattlemovements. We selected aset of 16 blocks
used by K. Campbell and othersto conduct aerid
surveysintheearly 1990s (Figure9.4). These
blocks were defined, in-part, based upon the
densities of households and upon the geomor-
phology of NCA.

T. McCabedefinedinitid movement frequen-
cies between the 16 blocks for 5 time periods
during theyear (i.e., dry season to short rains,
short rainsto early wet season, early wet season
towet season, wet season to transitional period,
trangitional period to dry season) using descrip-
tionsof movement patterns. R. Booneinterpreted
these descriptions, the matricesaredraft, and will
requirereview by T. McCabeto assuretheir ac-
curacy. Thematricesthemselvesare straightfor-
ward; thereare 16 linesrepresenting foca blocks,
and 16 columnsrepresenting where cattlein the
focal block moved inthat season. Consider the
following smplified matrix, representing three
blocks:

i 0 40 60
2 10 80 10
3 0 0 100
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Figure 9.4. Aerial survey blocks used in de-
scribing the seasonal movements of cattle.

Here, theentire populationinblock 1 moved, with
40% going to block 2, and 60% going to block
3. Incontrast, 100% of theanimalsin block 3
remainedinthat block. Thesematricesareused
inthefirst week of themonth or monthsinwhich
they are set to be used, with entriesin aparam-
eter fileused by thediseasemodd dictating when
meatrices should bereferenced.

Inasimulation, SAVANNA providestousa
simulated population sizefor cattlefor each 25
km? block within the landscape, whichiscom-
posed of 407 blocks. R. Howe created a sub-
routinethat estimatesthe proportion of agiven
population infected by disease, based upon a
amal suiteof parameters. A parameter fileisused
that contains 16 copies of a set of parameters
reflecting the proportion of apopul ation suscep-
tible, infected, exposed, and removed, aswell as
three parametersrepresenting thespread of rinder-
pest, and abetaval ue, representing contact rate.
Theseinitial valuesmay be customized for each
block within NCA.

Whenfirst executed and during thefirsttime
step, acopy of the parameter fileiscreated, which
isthen dynamic. During succeedingtime steps,
thevalueswithin the dynamic parameter fileare
modified reflecting the progression of thedisease
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through the population. For example, asanimals
areinfected and die or recover, the proportion of
animalssusceptibledeclines. At eachtimestep,
andfor each block, SEIR (Susceptible, Exposed,
Infected, and Removed) equationsare applied.
Differentid non-linear coupled equationsareused
toyield astate transition model describing the
proportion of the population susceptible, ex-
posed, infected, and removed during eachtime
step.

The model incorporates animal move-
ments with the inclusion of betavalues. Ini-
tial betavaluesfor each of theblocksaregiven,
but these are often modified based upon ani-
mal movements and population sizes. Ingen-
eral, for the block being modeled, the program
calculateshow many infected cattle had moved
into the block from other blocks, based upon
the movement matrices and animal population
sizes. The number of infected animals mov-
ing into the block isdivided by the population
of the block during the previoustime step (the
population for the current time step is not yet
available), yielding aratio of infected animals
to thetotal population. A multiplier isused to
adjust the relativeimportance of incoming in-
fected animalsand theresult isused to modify
beta.

The program loops over the weeks of the
year, currently running for 15 years, or 180
months. Infections can be set to start in any
specific block, in agiven month. Until anin-
fection begins, rinderpest modeling isnot con-
ducted; the proportion of infected animalsis
set to zero for al blocks. When an infection
begins, rinderpest modeling is conducted, the
model returns the proportion of animals in-
fected for each block, and talliesthetotal num-
ber of cattlein each block for the current time
step. That total is multiplied by the propor-
tioninfected, to yield the number of infected ani-
mals. At theend of each cycle, themodel loops
through each of the blocks, asking if any of the
blocks had morethan 0.005 (0.5%) of the popu-
lationinfected. If none of theblocksaresoin-
fected, the outbreak isconsidered over.
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From experiments, it appearsthat agivenin-
fectionwill movethrough asubpopulationwithin
about seven weeks, withthe current parameters.
Thetimerequired for an outbreak to fadeentirely
from the system depends upon rates of move-
ments and the block that isfirst infected. For
example, asparameterized now, an outbresk fades
from the entire population in about 14 weeks,
when block 6isfirstinfect (Figure9.5). Based
upon thesimulation and detailed analyses of out-
puts, the modificationsto betaassociated with
anima movementsare being modeled correctly.

CONCLUSIONSAND
RECOMMENDATIONS

1. A risk-based disease model for MCF virus
transmission from wildebeest calves to cattle
in the NCA was devel oped and evaluated.

2. Surveysinthe NCA indicated that:

- Livestock disease was perceived by the
pastoralist asthe most important constraint
to livestock production.

- Lack of disease control was a constraint
to livestock production.

- Tick borne diseases were identified as
the main cause of mortality.

- High calf mortality (> 50%) and a major
decline in cattle herd numbers were
observed.

3. The impact of disease on land use in the
NCA included unavailability of prime cattle
grazing land during the wildebeest calving
season and consequent increased cattle graz-
ing pressure and cattle density along with en-
hanced risk of tick-borne diseasesinthe NCA
highlands.

4. MCF has an indirect impact on ecosystem
integrity by confining cattletointermediate/high-
land areasleading to resource overuse and deple-
tion.
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Figure9.5. The spread of rinderpest amongst cattle populationsis modeled, with darker shad-
ings showing more infected animals. In week 1, an outbreak begins in block 6, perhaps
from infected animals that were transported. Cattle from many blocksfeed in block 6, and
so the disease spreads to other blocks. The outbreak reachesits peak in week 10, and fades

by week 15, as parameterized.

5. Alternativestrategiesfor control of MCF dis-
easerisk inthewildebeest calving groundsinthe
NCA include: 1) avoidance of contact between
cattle and wildebeest calves within thefirst 3
months of age, 2) erection of wildebeest-proof
fencing to prevent co-grazing by cattleand wilde-
beest calves, taking into account the cost-benefit
ratio, or 3) devel opment of avaccinefor MCF.

6. Rinderpest (R) and anthrax (A) have adirect
impact onthe population of wildlife species, in-
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cludingbuffalo (R,A), dand (R) impaa(A), and
elephant (A).

7. Itisimportant to complete therinderpest and
East Coast fever submodulesinthe SAVANNA
model.

8. Afutureeffort should bedirected toward quan-

tifyingtheimpact of diseaseonland use, livestock
productivity, and ecosystemintegrity intheNCA.
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Chapter 10

Making GL-CRSP IMAS Useful to
Sakeholders and Policy Makers

Michael B. Coughenour and Randall B. Boone

INTRODUCTION

Thegoalsof the GL-CRSP Integrated Man-
agement and Assessment project included both
conducting assessmentsof food security, conser-
vation, and ecosystem integrity in East African
sites, and building the capacity of East African
land managersand policy makersto conduct their
own assessments. To meet those goalswe had
to haveaclear understanding of the problemsin
theregion and approachesto solutions.

We used the expertise of African project per-
sonnel and input gathered during workshopsto
defineissuesof concernto stakeholders. Further
input wasreceived, and East Africansinformed
of our progress, during workshopsand meetings
demonstrating our results. Lastly, we put equip-
ment in place and trained personnel to conduct
their own assessments. Thesetopics(Input from
Sakeholders, Outreach, Training, Capacity
Building, and Impactson Palicy) are expanded
upon in the next section. Of course, thereisa
gresat dedl of overlapinthesections—during out-
reach presentationsor training wereceived many
commentsreflecting sakeholder concerns, for ex-
ample. Asanother example, our work toinform
policy makersoverlapped with genera outreach
efforts, with many leading policy makersattend-
ing our workshopsand presentations.

METHODS

Inputsfrom Sakeholders

Stakeholdersand their concernswere essen-
tialy represented in the assessment project from
thestart. Ecologistsand anthropologistsonthe
team had decades of experienceworking on East
Africanissues(e.g., M. Coughenour, K. Galvin,
J. Ellis, T. McCabe, R. Davis) and had discussed
issuesof concern with stakeholdersextensively.
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Our teammemberslivingin EastAfrica(R. Reid,
P. Rwambo, M. Rainy, R. Kidunda, P. Thornton,
J.Njoka, J. Kinyamario, and others) had smilar
levelsof experience, plussometimesdaily expo-
sureto the problemsfacing stakeholders of the
pastoral landsof East Africa. Togainfurtherin-
put and formalize understanding aworkshop was
heldin February of 1997 a thelnternationd Live-
stock Research Institute, Nairobi, Kenya. The
workshop, entitled * Developing a Decision Qup-
port System for Integrated Assessment of
Pastoral-wildlife Interactionsin East Africa:
Team Formation, Sakeholder Input, and Pre-
limnary Design,” brought together 22 scientists,
conservationists, and a representative of
pastoralists (Table 10.1a) to discuss project di-
rection. Participantsshared their experienceswith
pastord-wildlifesystems, and specified thetypes
of information that would be useful fromtheir per-
gpectives. A conceptual framework for the
assessment systemwas devel oped, research Sites
were evauated, and overarching goals, objec-
tives, and assumptionswereidentified. Meetings
held in-concert with theworkshop gathered in-
put from eight additional directorsand scientists
(Table10.1b).

A second workshop washeld at the Interna-
tional Livestock ResearchIngtitute (ILRI) inMay
1997 entitled “ Devel oping a Decision Support
System for Integrated Assessment of Pasto-
ral-wildlife Interactionsin East Africa: Setting
Regional Priorities.” Representativesfromgov-
ernments, non-governmenta organizations, donor
agenciesand universitiesfrom Kenya, Tanzania,
Ethiopia, and Ugandajoined the assessment team
to set regional prioritiesfor the project. First,
therewere several demonstrations of how tech-
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Table 10.1. Participants (@) in an GL-CRSP IMAS workshop held in February of 1997 at the

International Livestock Research Institute, Nairobi, Kenya, and those with whom we met to
discussthe project (b). Input from the participantsin the project helped to guide the assess-
ments conducted under IMAS and the tools we created. A similar workshop (participants
not shown) was held in May of 1997, gathering more feedback.

a. Workshop participants

1 Ed Barrow African Wildlife Foundation, Kenya

2 Dennis Child Colorado State University, USA

3 Michael Coughenour Colorado State University, USA

4, Jim DeMartini Colorado State University, USA

5. Raoul DuToit African Wildlife Foundation, Zimbabwe

6 James Ellis Colorado State University, USA

7 James Else Uganda Ministry of Tourism, Wildlife, and Antiquities,

8 Jan Grootenhuis Private consultant, Nairobi, Kenya

9. Rashid Kidunda Sokoine University, Morogoro, Tanzania

10. Jenesio Kinyamario University of Nairobi, Kenya

11. RussKruska International Livestock Research Institute, Nairobi, Kenya
12.  PatriciaMoehlman Private consultant, Arusha, Tanzania

13.  Terry McCabe University of Colorado, USA

14.  Phillip Murithi African Wildlife Foundation, Nairobi, Kenya

15. Francisole Ikayo Inuyat e-Maa, Arusha, Tanzania

16. E.B.O'Malley University of Colorado, USA

17. MikeRainy Bush Homes, Molepo, Kenya

18. Robin Reid International Livestock Research Institute, Nairobi, Kenya
19. Paul Rwambo Kenya Agricultural Research Ingtitute, Nairobi, Kenya
20. S.P. Shampole Kenya Agricultural Research Institute, Nairobi, Kenya
21.  Philip Thornton International Livestock Research Institute, Nairobi, Kenya
22.  EdnaWangui International Livestock Research Institute, Nairobi, Kenya
b. Discussions

1 Augusta Abate Kenya Agricultural Research Ingtitute, Nairobi, Kenya

2 Jesse Cheriot Kenya Agricultural Research Institute, Nairobi, Kenya

3. Holly Dublin World Wildlife Fund for Nature

4, Hank Fitzbugh International Livestock Research Institute, Nairobi, Kenya
5 John Mfula Kenya Agricultural Research Institute, Nairobi, Kenya

6 Adrian Mukhebi International Livestock Research Institute, Nairobi, Kenya
7 Dennis McCarthy US AID Regional Economic Development Office,

8 Jesse Njoka University of Nairobi, Kenya
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nology (e.g., the SAVANNA modeling system,
Gl Sanalyses) hasbeen used to address various
science and management questionsand how the
resultshave (or could) influence policy. Second,
peoplefrom several organizationsintheregion
presented their policy and management perspec-
tives within the context of the integrated
assessment system. Within the context of regiona
perspectives, workshop attendeesidentified sci-
entificpriorities, policy priorities and prioritiesfor
theneedsand welfare of pastoral peoples. Work-
ing groups discussed human ecology and
economics,; diseaseinteractions, range ecology,
livestock production and pastoral needs, range
ecology and wildlife, and regional analysesand
policy. Study siteswere selected, and site-spe-
cific problems, dataneeds, and team members
wereidentified.

R. Woodmansee joined the project to apply
his Structured AnalysisMethodology (SAM) to
theproblem of livestock-wildlifeinteractions. The
SAM s a structured approach to addressing
stakehol der concernsin naturd resource manage-
ment. Itisespecidly useful insteswheremultiple
gtekehol derssharecommon interestsin resources.
SAM wasusedinalargeworkshop entitled “ 1n-
tegrated Modeling, Assessment, and
Management of Regional Wildlife-livestock
Ecosystemsin East Africa,” held at thelnterna-
tiona Livestock Research Ingtitutein early July,
1999 and supported by the Regional Economic
Deved opment Services Office (REDSO) for East
and SouthernAfrica, USAID. Intheworkshop,
Dr. Woodmansee guided the participantsin ex-
ercisesusing SAM, whichidentified stakehol der
concerns(seeRainy et al. 1999 for moredetail,
Appendix C). Many of those concernswerein-
corporated into the Integrated M anagement and
Assessment System project.

Outreach

GL-CRSPIMAS, the SAVANNA modeling
system, and our experimentswere demonstrated
to East African scientists and managers at the
REDSO workshop just mentioned (Rainy et a.
1999). A more technical demonstration of the
work wasgivento ILRI technicians. Soon &fter,
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four demonstrations of IMAS were made
throughout northern and central Tanzania(i.e.,
Arusha, Ngorongoro, Dar es Salaam, and
Morogoro [Figure 10.1]). Finally, GL-CRSP
IMASand SAVANNA experimentd resultswere
demonstrated to personnel of the Kenyan Wild-
life Service. All told, the IMAS project was
introduced to over 100 East African land manag-
ers, scientists, and stakeholders during that
outreach effort. During demonstrations of our
work, werecelved positive feedback and encour-
agement. Someof themost ardent support came
from those responsible for managing areasfor
whichIMAShasyet to beapplied (e.g., Tarangire
National Park, Tanzania) but who strugglewith
issuesthe system can address.

We are pleased that AWF has shown ahigh
degreeof interest, facilitated by their representa:
tion at the REDSO workshop and other
discussions. We have encouraged this collabora-
tion from the outset of the project. The Director
of AWF (P. Bergin) isfully informed. Whilein
Tanzaniawehad discussonswithA. Kijazi at the
African Wildlife Foundation and with C.
Sorenson, whoisdirecting alargelivestock de-
velopment project for Danish Aid for
Development Assistance (DANIDA) in the
Ngorongoro ConservationArea(NCA) entitled
Ereto. T. McCabe had the chanceto discussthe
utility of themodel totheir projectsin moredepth
than we were ableto do in the mini-workshops
and model demonstrations. In addition, T.
M cCabediscussed the assessment and the model
with potential users intheareanorth of the NCA
cdled Loliondo GameControlledArea. Thereare
anumber of non-governmental organizations
working onland useissuesin northern Tanzania,
and areinterested if wewereto continue and ex-
pand the project to the Loliondo area. J.
DeMartini, J. Grootenhuis, and R. Boonemet with
membersof TerraNouvato discussuseof dis-
easemodeling intheir work with rinderpest, and
J Wordenand R. Boonemet with Dr. J. Wandera
of the Semi Arid Rurd Developement Programme
to discusstheir useof GL-CRSPIMAS.
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Figure 10.1. Participantsin an IMAS
demonstration held at Sokoine Uni-
versity of Agriculture, Morogoro,
Tanzania in July of 1999. Those
attending included: A. Terry
McCabe; B. Hija Mwatawala; C.
Angello Mwilawa; D. Daniel
Komwihangilo; E. Faustin Lekule;
F. J.K.K. Msechu; G. Judicate

Mwanga; H. Jefta Mkonyi; 1.Vitalis Temu; J. Julius Bwire; K. Randall Boone; L. Michael
Coughenour; M. Germana Laswai; N. Patricia Moehlman; O. Constantine Shayo; P. Bjegrn
Figenschou; Q. Abiliza Kimambo; R. Rashidi Kidunda.

M. Waweru demonstrated the SAVANNA
model’scapabilitieswith M. Said at the Depart-
ment of Resource Surveysand Remote Sensing
(DRSRS) inMay, 2000. Thedemongtrationwas
very well received and DRSRS expressed strong
interest to continueworking aspart of the CRSP
team to develop, apply and demonstrate the
IMAS. R. Reid and P. Thornton also demon-
strated the IMAS to collaborators and donors
fromtheWorld Bank, USAID-REDSO, USAID-
Global Bureau, USDA and KWS. US team
memberspresented IMASresultsat several sci-
entificmeetingsintheUSand UK.

A feedback workshop was held by A.
Mwilawa, M. Maskini, and V. Runyoro at the
Ngorongoro Conservation Areain November of
2000. Theworkshop waswel| received —indeed,
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the pastoralistswere pleased that we informed
them of the outcomeof theMwilawaand Maskini
fieddwork, whichinvolved assessmentsof range
and livestock condition in various parts of the
NCA. There was a good representation from
pastoralists, and the Ngorongoro Conservation
AreaAuthority (NCAA) wasrepresented by Vic-
tor Runyoro and others. The primary issuesthat
come-up from pastoraistsand NCAA staff were
asfollows.

—Thestudies should be conducted for alonger
period and should cover alarger area.

— Thereisaneed for intensive range forage
evauation and possbly estimation of forageavall-
ablefor livestock and how livestock should be
distributed over time. Weinformed thegroup as
to how theIMASModel could beuseful if they
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updated it with projected livestock numbersand
bomalocations. Thiswould consider which spe-
ciesof wildlifearegrazinginsimilar areas, and
then with proper adjustmentsto the grazing and
bomalocationsinthemode, they will beableto
determine optimal stocking patterns.

— Participation of local pastoraistsduringfield
work was highly appreciated. Hence, thereisa
need for proper training where possible of
pastoralistsin areasof range conditionand live-
stock condition.

— WherepossibleNCAA should assist to pro-
videwater sourcesfor livestock so asto reduce
movement and concentration of livestock during
dry season around existing water sources.

— Pastoralistswould liketo visit some other
placesto seewhat other othersaredoinginrela
tionto conservation.

— Pastoralistswould liketo know what can be
donetoimprovethelivestock grazing areas.

— Participantsin theworkshop showed agreat
appreciation for what IMAS has contributed and
the effortsof theIMA Steam in coming back to
present resultsto the stakehol ders.

TheGL-CRSPIMASWeb site:
http: //www.nrel.col ostate.edu/projects/imas/
servesasanimportant and enduring outreach tool,
with the main page accessed from morethan 50
unique machine addresses from October 2000
(the earliest date stored within the accesslog) to
December 2000. ThelIMASsiteincludesanin-
troductiontothel MASproject, abrief description
of the sub-projects under IMAS, contacts for
project personnel, and agrowing list of publica-
tions, including more than adozen documents
availableon-line.

Finally, the GL-CRSPIntegrated Manage-
ment and Assessment System project and the
SAVANNA modeling syslemwerewidey publi-
cizedinan LRI sponsored report (Coughenour
et a. 2000) and pressreleasefrom the non-profit
promotional organization Future Harvest. The
pressrelease drew broad journalistic and public
interest, and wasthe basi sfor dozens of newspa-
per and Web storiesthroughout theworld.
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Training

A two-week Gl Straining coursewasdevel-
oped and conducted at ILRI inApril 1999. Nine
participants attended: six from Kenya, onefrom
Tanzaniaand two from Uganda. The coursewas
conducted by six Gl Stechniciansfrom LRI and
Kenyan Department of Resource Surveysand
Remote Sensing, and was rated excellent by
course participants.

GL-CRSPIMAS, the SAVANNA modeling
system, SavView, and our experimentsweredem-
onstrated to participants of two workshops, and
others, during asix-week outreach and training
effort. A five-day workshop, coordinated by P.
Moehlman, washeld at the University Collegeof
LandsandArchitecturd ScienceswithintheUni-
versty of Dar esSdlaam, Tanzania(Figure 10.2).
R. Boonetrained 11 participantsinIMAS gods,
the SAVANNA modeling system, and how to
conduct experiments(Table 10.2). Each partici-
pant was provided with acopy of amanual that
was used intraining (Boone 2000), plusacopy
of amanual for use by those not needing to know
the details of SAVANNA (Boone and
Coughenour 2000), a CD storing IMASS soft-
ware, and aCD storing a suite of experiments
addressing management questions. Followingthe
week-long workshop, apresentationon IMAS
and ecosystern modeling wasgiven at Mpwapwa,
Tanzaniag, at the Livestock Production Research
Institute. At Mpwapwainterest inIMASwas
high, and Boone departed with I nstitute person-
nel running new experimentsusing IMA Ssoftware
installed on their machines. Upon returningto
Dar esSdaam, theIMAS softwarewasinstalled
onacomputer of Dr. JK.K. Msechu of theMin-
istry of Agriculture, and he was provided
supporting materials. IMAS softwarewasthen
installed on acomputer GL-CRSP purchased,
which was placed in the Community Conserva-
tion Center, African Wil dlife Foundation, Arusha,
Tanzania. Thatingtdlationisavailabletoanyone
interested in using GL-CRSP IMASto address
potential management questions, and A. Kgjazi
and N. Abdallah of theAfrican Wildlife Founda
tion attended the Dar es Salaam workshop, so

Chapter 10 141



Figure10.2. Participantsinan
IMAS workshop held in
April of 2000 at UCLASIN
Dar es Salaam, Tanzania
included: A. Pauli Sadiki;
B. Nicephor Lesio; C. Mar-

tin Loibooki; D. Naima Abdallah; E. Angello Mwilawa; F: Godwell Ole Meing’ ataki; G
Emmanuel Gereta; H. Randy Boone; |. Victor Runyoro; J. Anna Maembe; K. Margaret

Waweru; and L. Allan Kijazi.

peopleknowledgeableinIMASareavailablefor
asssance. BoonethentravdedtoNCA, ingtdled
IMAS software on an NCAA computer, on an-
other computer made available through the
DANIDA Ereto program, and presented IMAS
to agroup of seven scientistsand managers.

In April, 2000, the ILRI GIS team hosted
and hel ped organizethe SAVANNA modd train-
ingheldat ILRI inNairobi. Threetofour ILRI
technical and scientific staff participated inthe
training. Beforethistrainingsesson, M. Waweru,
theLRI-CRSP GISandyst replacing O. Okello,
traveled with R. Booneto Tanzaniato learn how
to demonstrate the SAVANNA model. M.
Waweru replaced Okello as alead trainer and
demonstrator of theIMASin East Africa. The
training workshop was coordinated by M.
Waweru and O. Okello. The three-day work-
shop wasattended by 15 scientistsand managers
(Table 10.3), with onetraveling from Ethiopiato
attend. Each was provided with the same GL-
CRSPIMASmateria sasworkshop participants
in Dar es Salaam. Intheworkshop, Boonere-
viewed detailsof SAVANNA necessary to know
to understand the general system, introduced the
interfacetools SM Sand SavView, thenreviewed
theresultsof the 16 experimentsfromNCA. Dis-
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cussionswith workshop participantshelped im-
prove the Kajiado application as well (see
Chapter 7).

IndividudsweretrainedinusingMAStools
duringvisitsto CSU. A. Mwilawareceived three
weeksof trainingin IMASduring fall of 1999.
That training, plustheweek-long intensvework-
shop Mwilawaattended in Dar es Salaam, and
the demonstrations he has attended, have made
Mr. Mwilawathe Tanzanian most experiencedin
IMAS. Prof. F. Benyikwareceivedtrainingin
SAVANNA and other IMAStoolsduring thefall
of 1999 aswell.

Capacity Building

The GL-CRSPIMASmodeling system, in-
cluding SAVANNA,, isnow installed in severa
computersat: 1) theUniversity of Dar esSalaam,
at computersat 2) the Mpwapwal.ivestock Re-
searchIndtitute, 3) theMinistry of Agriculture, our
centra steat 4) theArushaCommunity Conser-
vation Centreof the, African Wildlife Foundation,
two computersin 5) Ngorongoro Conservation
Area, and on severa machinesat the 6) Interna-
tiona Livestock Research Ingtitute. Additional
installations are on personnel notebook compuit-
ersof peopleworkingin East Africa, such asthat
of J. Grootenhuis, M. Rainy, and J. Worden.
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Table10.2. Participantsin an GL-CRSPIMASworkshop held April 3 - 7, 2000 at the Univer-
sity College of Lands and Architectural Studies, University of Dar es Salaam, Tanzania.
The participantswere trained in ecol ogical modeling methods, and the use of IMAS model -

ing tools.

1 NaimaAbdallah African Wildlife Foundation, Arusha, Tanzania

2. Emmanuel Gereta Tanzania National Parks, Arusha, Tanzania

3. Allan Kijazi African Wildlife Foundation, Arusha, Tanzania

4, Nicephor Lesio Njiro Wildlife Research Centre, Tanzania Wildlife
Research Institute, Arusha, Tanzania

5. Martin Loibooki Tanzania National Parks, Arusha, Tanzania

6. AnnaMaembe Tanzania National Environmental Management Council,
Dar es Salaam, Tanzania

7. Godwell Tarangire National Park, Tanzania

Ole Meing’ ataki

8. Angello Mwilawa Livestock Production Research Institute, Mpwapwa,
Tanzania

9. Victor Runyoro Ngorongoro Conservation Area Authority, Ngorongoro,
Tanzania

10. Pauli Sadiki Geolnformation Centre, University College of Lands and
Architectural Studies, Dar es Salaam, Tanzania

11. Margaret Waweru International Livestock Research Institute, Nairobi, and

the Kenya Department of Resource Surveys and Remote
Sensing, Nairobi, Kenya

IMAS computer interface software was created
todlow loca scientists, managers, and stakehol d-
ersto conduct their own analyses (see Chapter
6). At any of theseingtallations, peoplemay run
their own experimentsto assesspotential effects
of increased livestock populations, changesin
rainfall, or changesin herbivoregrazing patterns,
asexamples.

Thecurrent IMASinstallationsallow users
to conduct innumerabl e experiments, but wewere
not ableto anticipateevery changeinanimd graz-
ing limitsthat may need to beinvestigated, for
example. Thereforeat our centrd site, theArusha
Community Conservation Centre of theAfrican
Wildlife Foundation, weput in-placeageographic
information system (ldrisi32 of Clark Labs,
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Worcester, Massachusetts, USA) and spatia data
layersthat userswould need to changemapsused
inNCA-SAVANNA. TheGlISallowsusersfa
miliarwithIMAS(eg.,A. Kijaziand N.Abddlah
of AWF) to modify mapsthat control anima graz-
ing to address new experiments proposed.

I mpactsupon Policy

Thereisadistinction between policy makers
and policy analysts/researchers. Thelatter are
appropriately involvedinIMASdevel opment but
theformer areinvolved at the stagewherethere
areresultsfromthe IMA S and there are oppor-
tunitiesto ask questionsof themode. Intheearly
stages of the development of theIMAS, our f-
fortswerefocused onthelatter. Policy analysts/
researchersare being involved in the stages of

Chapter 10 143



Table 10.3. Participants in an GL-CRSP IMAS workshop held April 26 - 28, 2000 at the
International Livestock Research Institute (ILRI), Nairobi, Kenya. The participants were
trained in ecological modeling methods, and the use of IMAS modeling tools. M. Waweru
participated in both workshops, in anticipation of her in-depth involvement in IMAS, but is

not listed below to avoid duplication.

1 Fred Atieno ILRI

2. Shauna BurnSilver CSU and ILRI

3. Giulia Conchedda EthiopialLRI, Addis Ababa, Ethiopia

4, Lucy Gitau Kenya Department of Resource Surveys and Remote
Sensing, Nairobi, Kenya

5. Russ Kruska ILRI

6. Andrew Muchiru ILRI

7. Wycliffe Mutero KenyaWildlife Service, Nairobi, Kenya

8. Meshack Nyabenge ILRI

9. Wilber Ottichilo International Institute for Aerospace Survey and Earth
Sciences, Enschede, The Netherlands

10. Judy Rainy Bush Homes, Nairobi, Kenya

11. Mike Rainy Bush Homes, Nairobi, Kenya

12. Robin Reid ILRI

13. Mohammed Said Kenya Department of Resource Surveys and Remote
Sensing, Nairobi, Kenya

14. Cathy Wilson ILRI

15. Jeff Worden CSU and ILRI

mode! building and testing. Policy makershave
been kept informed of our progressthrough meet-
ings, workshops, and presentations.

Our effortsto inform policy makers of the
GL-CRSP IMAS project grew from 1997 to
2000, asexpected. Early inour effortswe con-
ducted an assessment of thelaws, policiesand
customary relationsthat determinetheuseof land
andwildliferesourcesinthe NCA. Interviews
were conducted in Arushaand Dar es Salaam,
pertinent documentswere collected and reviewed
and opinionsweresolicited from other team mem-
berswith lengthy experienceat NCA. A major
conclusion derived from thisstudy isthat there
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has been substantive changein the policy context
for the NCA and these changesmay inthelong
run, ter land usepolicy intheNCA.

In 1999 and 2000, Mr. ole Kamuaro, assis-
tant to the Director, National Environment
Secretariat in Kenyaand apastoralist, wasin-
strumental incommunicating theusesof IMASto
policy makerswithinthe Kenyan government, and
informing usof their needs. Hisactivitiesledto
considerably heightened awarenesswithin the
Ministry of the GL-CRSPIMASproject. InTan-
zaniaour contact with policy makershasbeen
quitedirect, with Dr. JK.K. Msechu, an officia
fromtheMinistry of Agricultureattendingamini-
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workshopin 1999, and having GL-CRSPIMAS
softwareinstalled on aministry computer. Other
leaders, such asE. Gereta, Chief Ecologist with
the TanzaniaNational Parks, A. Kijazi, Project
Officer withtheAfrican Wildlife Foundation, and
A. Maembe, National Project Leader with the
Nationd Environmenta Management Council, at-
tended a week-long workshop on the use of
IMAStools.

Reportswere prepared summarizing Kenyan
policy changesand historica land use(Davis2000
in Appendix C), and trendsin governance (Njoka
2000in Appendix C). Thesereportsareimpor-
tant because of the unique perspectivesof their
authors, and because of the complexitiesinthe
system. Inthelast 40 yearsland use hasintens-
fiedinKenya, control hasbeen decentralized and
the society made democratic. Local, regional,
andinternational interests (through donor agen-
cies) havemerged to yield complex settings.

Of course, many of thereportsand publica-
tions produced under GL-CRSPIMASdescribe
policy issues, implications of policies, and sug-
gested solutionsto ongoing problems. Examples
from Appendix Cinclude:

— Atieno (2000), where the implications of
changingland cover andland usein Kgiado Dis-
trict, Kenyaareexplored,

— Booneet a. (Inrevision), which describes
possible ecosystem responsesto aseriesof 16
management questionsbased upon policy within
NCA;

—Galvinet a. (2000), where one of many re-
sultsisthat Maasai living with NCA will need
increasing levelsof supplementa food ashuman
populationsincrease;

—Lynn (2000), which includes extensive re-
views of the effects of conservation policy on
Maasai living within Ngorongoro Conservation
Areaand Loliondo Game Controlled Ares;

—Rwambo et a. (1999), wherethe patterns of
livestock-wildlifediseaseinteractionsinNCA are
placed in-context with the policiesaffecting the
digtributionsof livestock.
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SUMMARY

Our outreach andtraining effortshavebeena
success, with countless peopleinformed of the
utility of the GL-CRSP Integrated M anagement
and A ssessment System project through theme-
dia, morethan onehundred Eagt Africansinformed
first-hand of our efforts, and two dozen East Af-
ricanswithin-depthtraining intheuseof IMAS
tools. Research results have been reported in
morethan 50 publications, reports and sel ected
presentations(see Appendix C) including 18 avall-
able world-wide through the Web (http://
nrel.col ostate.edu/projectsimay/).

Theimpact of the GL-CRSPIntegrated Man-
agement and Assessment System project hashad
on policy development isdifficult to quantify.
Changesinleadership at theKenyaWildlife Ser-
viceandinstability of the Board of Directorsto
the Ngorongoro Conservation AreaAuthority
during our project madeinforming thoseleaders
aperiodic effort. The clearest evidenceisthe
use, or interest intheuse, of IMAStoolsin plan-
ning. E. Chausi, the Conservator with the
Ngorongoro Conservation AreaAuthority, and
othersarevery interested in using IMASto de-
terminegppropriate ba ancesbetweenwildlifeand
anincreasing livestock population. e made our
resultsavailableto DANIDA, aprimary devel-
opment agency working in Ngorongoro
ConservationArea, who werequiteinterestedin
adopting themodel and usingit to assesstheim-
pacts of development (C. Sorenson, pers.
comm.). We also have worked with the
Ngorongoro Conservation AreaAuthority per-
sonnel to adopt theinformation and thetechnology
we have developed (V. Runyoro, pers. comm.).
We have a so madethe TanzaniaNational Parks
Authority (TANAPA), and TanzaniaWildifeRe-
search Ingtitute (TAWIRI) aware of our products,
and both have expressed interest. The Tanzania
Ministry of Agricultureisalso quiteinterestedin
theIMAS, isinvolved through M pwapwa Re-
search Station, and through training we have
provided. All three of these organizationsarein-
fluentid ineffecting policy inTanzania
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An Annotated List
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1. Atieno, F. 2000. Effects of changing land

use on land cover, vegetation species

abundance and structure in pastoral areas:
A case study of the greater Amboseli
ecosystem, Kajiado District. Report (MSc
Thesis, University of Nairobi).

A ten-year (1988-1998) land cover change
analysis of the Greater Amboseli ecosystem
was conducted using Gl Sand remotely sensed
dataaswell asground based studies. The study
found a decline in vegetation cover and
significant changes in species composition,
diversity and structure. Bushed grassland and
cultivated land increased, while bushlands,
grasslands and wooded grassland reduced over
the decade. Results al so showed expansion and
increase in intensity of rainfed agriculture in
some areas, and a general increase in
patchiness of the landscape.

2. Atieno, F, R. Reid, T. Njoka, and E. Harris.
2000. Land use trends and their effects on
range vegetation: the case of Amboseli
Ecosystem. (Poster).

The study mapped land use and range
vegetation and analyzed changes in land use
and vegetation cover between 1988 and 1998
using Landsat imagery and GIS. The results
showed an increase in cultivated land,
increased fragmentation of the landscape, and
vegetation cover change from a herbaceous
dominated to woody dominated.
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3. Atieno, F. 2000. Landscape change patterns
in rangelands, land use and environmental
diversity. Greater Amboseli Ecosystem
1998-99.

A summary report of the MSc research
described in the previous entries.

4. Boone, R.B. 2000. Integrated management
and assessment system: training manual.
Instruction manual created with the support
of the Global Livestock Collaborative
Research Support Program, USAgency for
International Devel opment.

A training manual used in workshopsto give
participants an understanding of the goals of
the Integrated Management and Assessment
System project, the SAVANNA modeling
system, and the SavView user-friendly
computer interface. A seriesof 16 experiments
addressing potential management questionsin
the Ngorongoro Conservation Area are
reviewed, with direction on how to conduct
similar experiments, or to modify the
assessments as needed.

5. Boone, R.B. and M.B. Coughenour. 2000.
Integrated management and assessment
system: using Savanna and SavView in
ecosystem modeling. Instruction manual
created with the support of the Global
Livestock Collaborative Research Support
Program, US Agency for International
Development.

A manual for use by those conducting
assessments using modeling tools of the

Appendix C 161



Integrated Management and Assessment
System project. Thevolume contains asubset
of Boone (2000), excluding the portions that
explain the SAVANNA modeling system in
detail. Thevolumeisintended for use by those
that want to use the tools, but do not need to
know the full detail of the model.

6. Boone, R.B., K.A. Galvin, N.M. Smith and
S.J. Lynn. 2000. Generalizing EI Nino
effects upon Maasai livestock using
hierarchical clustersof vegetation patterns.
Photogrammetric Engineering and Remote
Sensing 66: 737-744.

Thispaper presented amethod of extrapolating
anthropol ogical dataover broader areasusing
remotely sensed spatial data to ensure more
rigorous applicability to resource conditions
and patterns. Hierarchical cluster analyses of
vegetation biomass trends represented by
AVHRR/NDVI were used to generalize
household interviews conducted among the
Maasal on the economic consequences of the
1997/98 drought and El Nifio rainson Maasal
herders in northern Tanzania. The study
showed that socioeconomic data patternswere
related to vegetation patterns.

7. Boone, R.B., M.B. Coughenour, K.A.
Galvin, and J. E. Ellis. In revision.
Addressing management questions for
Ngorongoro Conservation Area using the
Savanna Modeling System. African
Journal of Ecology.

This paper reports the use of the SAVANNA
model to predict responses to alternative
management actions in the Ngorongoro
Conservation Area. The model was used to
simulate the impacts of several scenariossuch
as drought, increased livestock, improved
veterinary services, increased accessto grazing
lands, improved water availability, increased
cultivation and human popul ation growth.

€92 Globa Livestock CRSP, IMAS Report. 2001

8. BurnSilver, S. 2000. PhD research progress
report.

The research focuses on the impact of larger-
scale environmental and political economic
factors on pastoral welfare, livestock
production and human-wildlifeinteractionsin
the greater Amboseli ecosystem. A survey
detailing spatial distribution of settlements,
economic activity, and land use in all bomas
within the study area. In addition household
interviews are being conducted on a sample
of Maasal households and documenting
economic and production strategies and daily
grazing movements.
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