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Abstract Ngorongoro Conservation Area (NCA), Tanzania, contains renowned wildlife,
an expanding human population, and cultivation by Maasai agro-pastoralists and non-
Maasai agriculturalists. We used integrated assessments to explore some effects of
cultivation on livestock, resident wildlife, and people. Using a Landsat image from 2000,
we mapped 3,967 ha [9,803 acres (ac)] of cultivation within NCA, or 39.7 km2 of the
8,283 km2 conservation area. Using integrative ecosystem (Savanna) and household
(PHEWS) models, we assessed effects of: up to 50,000 ac (20,234 ha) of cultivation;
cultivation concentrated into two blocks totaling 10,000 ac (4,047 ha) and 20,000 ac
(8,094 ha) that may be more palatable to tourists; and human population growth.
Simulations with from 10,000 to 50,000 ac in cultivation showed no large changes in
ungulate populations relative to there being no cultivation. When cultivation was altered to
be in two blocks, some wildlife populations changed (≤15%) and ungulate biomass
remained the same. When cultivation was increased linearly with human population, poor
households needed 25% of their diets to come from relief as populations tripled, because
livestock could not increase significantly. Our results indicate that having <1% of NCA in
cultivation, in its current distribution, is not overly detrimental to wildlife or livestock
populations, and is important to Maasai well-being.
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Introduction

Throughout the pastoral semi-arid and arid lands of Africa, land use is intensifying. Human
populations are increasing, and pastoral societies that have been reliant upon dairy and meat
products are exploiting relatively stable or even declining livestock populations (Kijazi et al.,
1997; McCabe et al., 1997a; Lynn 2000). Decreasing food security has forced pastoralists to
diversify their livelihood sources, by selling handicrafts, herding for others, finding
employment outside their communities, or by other means (BurnSilver et al., 2003).
Cultivation has become a dominant means of diversifying, converting many pastoral groups
into agro-pastoral communities (Neumann 1998). Intensified land use, and cultivation in
particular, has concerned conservationists, with general declines in wildlife documented
across regions (de Leeuw et al., 1998) and specific declines tied to cultivation (e.g.,
Serneels and Lambin, 2001). In practice, landscapes have gravitated toward polarized uses:
livestock raising and agriculture, or wildlife conservation in park settings. In East Africa
only one large conservation area, Ngorongoro Conservation Area (NCA), is managed
specifically to balance multiple land use demands (Perkin, 1995), and can provide insights
into management of many semi-arid and arid areas of Africa, including buffer zones
surrounding more traditional wildlife conservation areas.

Ngorongoro Conservation Area (8,283 km2) borders Loliondo Game Controlled Area
(LGCA) to the north, Serengeti National Park to the west, and agricultural communities on
the southeastern border (Fig. 1). NCAwas gazetted in 1959 following hardships for Maasai
who had been excluded from a precursor to the Serengeti that was larger than the current
national park (Neumann, 2000). NCA was created, and Serengeti reduced in size, as a
compromise measure. Through that compromise, a unique long-term experiment was
mandated—NCA was to be managed considering wildlife conservation and the needs of
resident Maasai (reviewed in Thompson, 1997). NCA has been designated a Biosphere

Fig. 1 Ngorongoro Conservation
Area, with shading showing to-
pography, lakes or basins in
black, and selected sites labeled.
The location of NCA within
Tanzania and Africa is shown in
insets.
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Reserve and World Heritage Site (UNESCO, 2000), designations that are highly valued by
NCA managers. Ngorongoro Crater is a world-renowned wildlife viewing area, providing
the opportunity to view free ranging black rhinos (Diceros bicornis), and important
archeological sites are within the conservation area, with evidence of early humans,
including many in the world famous Olduvai Gorge.

By several measures, this ‘great experiment’ was successful for perhaps 30 years
(Perkin, 1995): wildlife populations had not declined dramatically (Runyoro et al., 1995
provides evidence for Ngorongoro Crater), except for those that were poached in the 1970s
and 1980s; livestock had been fairly stable (NCAA, 1999); and tropical livestock units
(TLUs, i.e., 250 kg of body mass) per person were above 6 (Kijazi et al., 1997; NCAA,
1999), a value that suggests a successful pastoral lifestyle (Brown, 1973). However, since
the early 1990s human population growth associated with improved health care and
immigration has placed increasing stress on the ecosystem, reflected in a rapid decline in
TLUs per person—less than 3 in 1999 among livestock-owning families (NCAA, 1999;
Lynn, 2000). In contrast, Maasai in LGCA to the north still had more than ten TLUs per
person (Lynn, 2000).

Cultivation of maize, beans, potatoes, and other crops had augmented the livestock-
based diet of Maasai for decades. However, concerns about degrading the wildlife
conservation value of NCA led the Tanzanian government to ban cultivation in 1975
(McCabe et al., 1997b and citations therein), although illegal cultivation still took place
(Perkin, 1995). The well-being of the Maasai subsequently declined to the point that, in
1991, the government passed an emergency measure that allowed temporary, limited
cultivation in NCA. Women in households could each cultivate 1 acre (ac) using hand tools
(McCabe et al., 1997b; Galvin et al., 2000). The return of cultivation improved Maasai
well-being markedly, and crops from households_ own plots now contribute about 16% to
their diets (Galvin et al., 2000), but the Maasai of NCA still cultivate a fraction of the
acreage of Maasai in LGCA, about 0.12 ha per person in NCA versus 0.30 ha per person in
LGCA (Lynn, 2000). Many non-Maasai emigrated into NCA following the legalization of
cultivation in the early 1990s (Kijazi, 1997). Cultivation is the dominate method of
livelihood for these families, with livestock raising a secondary activity. In a 1993 study,
plots by non-Maasai were the dominant form of cultivation in NCA and are larger than for
Maasai cultivators, with more than 50% of the cultivated area in less than 3% of patches
cultivated (Kijazi, 1997 and citations therein). Although non-Maasai cultivate more land
than Maasai, their plots are rarely worked with machines and the products are consumed by
the families, or sold to other families within NCA (Galvin et al., 2000).

International and national environmental interests have expressed strong concern over
cultivation in NCA, believing that cultivation is not compatible with the conservation goals of
the area (IUCN, 1996). Business and governmental interests that profit from tourism are
concerned as well, believing that agricultural patches detract from tourists_ experiences.
Concerns also follow from intensifying land use related to human population growth,
including immigration. The population in NCA grows about 3.5% annually (Kijazi et al.,
1997), so that the population that was about 35,000 in 1992 (NCAA, 1999) was 52,000 in
1999, and 60,000 in 2002 (V. Runyoro, NCAA, personal communication).

Cultivation is perhaps the most contentious land-use in NCA, and remains in bitter
dispute among stakeholders. In an earlier integrated modeling effort (Boone et al., 2002),
one of 16 scenarios explored suggested that increasing cultivation did not severely impact
ecosystem functions to the degree people fear. Using integrative modeling to assess issues
important in policy making was helpful, however, a map of cultivation was not used in that
modeling effort, and modeling methods have since improved considerably. We were
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therefore asked by the Conservator of NCA to more carefully assess potential effects of
cultivation on wildlife, livestock, and people in the NCA. To do so required that we map
cultivation within NCA, creating the first high resolution map of cultivation for the area, then
use an integrative model to compare ecosystem properties under no cultivation, the current
area in cultivation, and increased levels of cultivation. Our results may be used by decision
makers in Ngorongoro District, but have implications elsewhere where land use is
intensifying because of human population growth, expanding agriculture, and the need to
conserve wildlife.

Materials and Methods

Mapping Cultivation

An Enhanced Thematic Mapper+ Landsat scene from February 12, 2000 was used with a
hybrid classification method (Hepinstall et al., 1999) in a test of methods to map cultivation.
Known areas of cultivation were selected as training sites (30,607 pixels, 689 ha), using the
georectified Landsat scene as a guide. The Serengeti Plains, where cultivation was known
not to occur, were removed from the images, and a 5 km buffer around the southern
boundary of NCA was included. Bands 1–7, 8, and ratios 4/5 and 4/3 were standardized to
0–255, resampled to a uniform 15 m pixel resolution, and assigned to 233 clusters using a
maximum likelihood classification (ARC/INFO V. 8.3, Environmental Sciences Research
Institute, Redlands, California, USA). A map was drawn for each cluster where the cluster
was in a highly contrasting color, and inspected. In general, mapping based on cluster analysis
worked reasonably well for the extensive cultivated areas to the southeast of NCA, but within
NCA, the small patches of cultivation were spectrally confused with shrublands and other
habitats. An alternative method of identifying cultivation within NCAwas therefore used.

The primary method used to map cultivation within NCA was on-screen digitizing from
the panchromatic band 8 (0.52 to 0.90 μm) of the Landsat 7 image. In the contrast-stretched
image, cultivation was generally evident. In the northern part of NCA, cultivation showed as
dark patches that contrasted sharply with the surrounding grasslands (Fig. 2a). Cultivated
patches on the forested slopes of Olmoti Crater (Fig. 2b) were identified by changes in
shading and texture. Patches in central NCA were somewhat more challenging to identify,
being within a matrix dominated by darker shrubs (Fig. 2c). Cultivation was evident along
the southeastern boundary of NCA, where tropical forests abut cultivated lands (Fig. 2d).
Other dark patches such as cloud shadows or fire scars that had irregular edges were not
mapped as cultivation. Multi-spectral band combinations were inspected in some cases to aid
in mapping. In some areas where small patches of cultivation may exist, such as around
Olbulbul Depression and along the shores of Lake Eyasi, we could not discern differences in
the image. Patches of cultivation in a georectified image (GeoTiff, ©Adobe Corp., San Jose,
California, USA) were identified using an image editor (Paint Shop Pro 5, Jasc Software, Inc.,
Minneapolis, Minnesota, USA) that delineated patches of pixels with similar shades of gray.
A parameter in the software was adjusted until a given patch of cultivation was selected, but
not surrounding vegetation. The cultivation was then painted a contrasting color. When
digitizing was complete, the image was imported into the GIS package and the areas of
contrasting color were moved into another layer, representing cultivation in NCA at 15 m
resolution. A formal assessment of the accuracy of the resulting map was beyond the scope of
our project, but the map was subjected to extensive expert review. More importantly, the ease
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with which most cultivation within NCA could be identified within the satellite image (e.g.,
Fig. 2) bolstered our belief that the accuracy of the map was adequate for our needs.

Ecosystem and Socioeconomic Modeling

To evaluate ecosystem and social responses to changing levels of cultivation, we used the
Savanna Modeling System, merged with the PHEWS model (Pastoral Household Economic
Welfare Simulator). Initial development of Savanna began in the Turkana District of Kenya
(Coughenour, 1985), and improvements to the model were made in subsequent applications

Fig. 2 Examples of cultivation as it appeared in band 8 of a Landsat ETM+ satellite image from NCA. Areas
shown include: (a) grasslands within Olbulbul Depression, (b) the forested slopes northwest of Olmoti Crater,
(c) drier grasslands and shrublands near Endulen, and (d) extensive cultivation along the southeast boundary
of NCA. Areas mapped as cultivation and the location of the example site are shown in insets.
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(e.g., Coughenour, 1992; Buckley et al., 1993; Boone et al., 2002; Boone et al., 2005;
reviewed in Ellis and Coughenour, 1998). PHEWS was created specifically to model
Maasai household decision making in NCA (Thornton et al., 2003).

Savanna is a series of interconnected FORTRAN computer programs that model primary
ecosystem interactions in arid and semi-arid landscapes, simulating functional groups for
plants and animals (e.g., perennial and annual grasses, cattle, grazing antelope). Savanna is
spatially explicit and represents landscapes by dividing them into a system of square cells.
Savanna reads computerized maps that include, for example, the elevation, aspect, and soil
type of each cell. The model predicts water and nitrogen availability to plants, for each of the
cells. Based upon water, light, and nutrient availability, quantities of photosynthate are
calculated for plant functional groups, using process-based methods. Photosynthate is
allocated to leaves, stems, and roots using plant allometrics, yielding estimates of primary
production. Changes in plant populations are derived from reproduction related to primary
production. At each weekly time-step plants may, for example: produce seeds that become
established, grow into older age classes, out-compete other plant functional groups, or die.

A habitat suitability index is calculated for each cell in the landscape, at weekly intervals
and for each animal functional group, based upon forage quality and quantity, slope,
elevation, cover, and the density of ungulates. Individuals in the population are distributed on
the landscape based upon these indices. Animals will feed upon the available vegetation,
depending upon dietary preferences and consumption rates. The energy gained is reduced by
energy costs associated with basal metabolism, gestation, and lactation. Net energy remaining
causes weight change, with weights reflected in condition indices. Charts and maps of the
status of vegetation, ungulates and climate are produced at monthly intervals. For more detail
about Savanna, see Boone (2000).

The PHEWS model simulates decision making in Maasai households. A rule-based
modeling approach was used, because of its simplicity and rapid development, plus more
complex economic models would not appropriately describe the weak link between Maasai
agro-pastoralism and the market economy (Galvin et al., 2000). A series of rules were
incorporated that are based on the observed decision making strategies of Maasai in NCA,
gleaned from interviews and published sources. Based on our interpretation of interview
responses, in the model families seek to meet their caloric needs, while simultaneously
seeking to maintain livestock (TLUs per person) and monetary holdings (a ‘cashbox’). TLU
targets varied by wealth category (i.e., poor, moderate, and rich), and were parameterized to
emulate the TLUs per person observed on NCA. Monetary holdings were weighed against
TLUs per person, and if possible, animals were sold or purchased to approach the desired
TLUs (Galvin et al., 2000). In simulations, energy flow is modeled through PHEWS in a
step-wise fashion, representing a hierarchical decision making scheme. Calories are gained
from milk, crops raised by the family, from livestock slaughtered due to disease or for
occasional ceremonies, and from sugar in tea (a significant energy source for Maasai
families). If there remains a caloric deficit and the family has money, maize and other crops
are purchased. Finally, if a deficit still remains, the families_ needs are met through supple-
mental food, such as from friends, relatives, or from international agencies. Concurrently, if
the family owns more livestock than observed in reality, animals may be sold (small stock if
the deviation is small, large stock or both if the deviation is large). If the family has sufficient
funds and TLUs are below the target, livestock are purchased. Galvin et al., (2000), Galvin
et al., (2002), and Thornton et al., (2003) provide more detail about PHEWS.

The PHEWS model is tightly linked to Savanna. For example, as each week is
simulated, Savanna reports to PHEWS the amount of cultivation in each cell simulated, as
well as the livestock populations for that week, including lactating cattle. From these,
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PHEWS estimates milk and maize availability to families. In turn, PHEWS reports numbers
of livestock slaughtered or sold back to Savanna, so that livestock population dynamics
may be modeled.

Adapting Savanna and PHEWS to NCA

Functional Groups

Plant and animal functional groups must be defined for an area prior to adapting the
Savanna model, based upon the questions to be addressed, balancing the need for detail in
responses and the costs of model parameterization and execution. Here, an existing version
of Savanna (version 4e) applied to NCA (Boone et al., 2002) was modified (yielding
version 4Lc). The seven vegetation functional groups remained as in Boone et al., (2002),
and were: palatable grasses, palatable forbs, unpalatable herbs, palatable and unpalatable
shrubs, evergreen forests, and deciduous woods. Eleven animal functional groups were
defined. Wild ungulate functional groups included three migratory species: 1) wildebeests
(Connochaetes taurinus), 2) zebras (Equus burchellii), and 3) grazing antelopes
(Thomson_s gazelle, Gazella thomsoni), and resident populations of 4) zebras and 5)
grazing antelopes (almost all resident wildebeest inhabit Ngorongoro Crater, which was
modeled separately and not discussed here). Three other resident wildlife populations were
modeled: 6) browsing antelope, 7) African buffalo (Syncerus caffer), and 8) elephants
(Loxodonta africana). Lastly, 9) cattle, 10) goat, and 11) sheep groups represented the
livestock in the NCA. Our model did not include the full geographic range of migratory
populations, which range northwest into Serengeti National Park and into Kenya, and so
population dynamics of those groups were not modeled. In simulations, appropriate
numbers moved onto and off of NCA each year so that forage use was represented fairly,
but the total population sizes of migrants were static across years.

Parameterizing the Model

The Savanna model uses geographic layers describing elevation, slope, aspect, vegetation,
soils, and water sources to model the growth of plants and distributions of animals.
Elevation, slope, and aspect were derived from a digital elevation model produced by the
US Geological Survey and acquired from the African Data Dissemination Service (ADDS,
2001). Land cover was mapped by M. Kalkhan (Colorado State University, USA) using a
Landsat 5 satellite image from 1991 and existing vegetation maps (e.g., Herlocker and
Dirschl, 1972). Soils were from a Food and Agriculture Organization map that was recoded
(USDA, 2003). Water sources are mainly from Aikman and Cobb (1997). Maps, called
‘force maps,’ were created for livestock and elephants, which Savanna uses to limit the
distribution of ungulates due to relationships unrelated to habitat. For example, livestock
may use Ngorongoro Crater only to take water, and cannot graze extensively. Therefore, the
force map for cattle was scored so as to prevent their use of the crater. All geographic data
were generalized to 5 × 5 and 2.5 × 2.5 km blocks. Model assessments were conducted at
the finest spatial resolution. However, results reported here are based on 360 simulations, so
the coarse-resolution model was used to speed program execution.

Weather data from 55 stations within the region were available from 1963 to 1992. Note
however that the data on ungulate abundances, human populations, and household attributes
are from ca. 2000; the weather data provided a typical response only, and the base model
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emulates, to the degree possible, conditions in 2000. Savanna uses a focal weather station for
detailed information (e.g., relative humidity, wind speed, CO2 concentration, active
radiation); we used the station at the research center in Seronera, Serengeti National Park,
which is outside the NCA but has a very complete weather data record.

Parameters were set in the model based upon a literature review, previous Savanna
applications (Coughenour, 1992; Kiker, 1998; Boone et al., 2002; Boone et al., 2004), field
work associated with the project (e.g., Galvin et al., 2000; Maskini and Kidunda, 2000),
and expert opinion. Individual parameters are too numerous to cite, but examples may be
classified within groups of ecological processes: plant phenology and biomass (e.g.,
Ndawula-Senyimba, 1972; McNaughton, 1985; O_Connor and Pickett, 1992; Seagle and
McNaughton, 1993; Satorre et al., 1996), plant allometrics and growth (e.g., Fourie and
Roberts, 1977; Hodgkinson et al., 1989; Coughenour et al., 1990; Tewari, 1996), ungulate
energetics and growth (e.g., Stafford Smith et al., 1985; Murray, 1995), wildlife and
livestock populations (e.g., Campbell and Borner, 1995; Boshe, 1997; Kijazi et al., 1997;
NCAA, 1999), habitat relationships (e.g., Sinclair and Gwynne, 1972; Western, 1975;
Boshe, 1997), grazing and climatic effects (e.g., Mwalyosi, 1992; O_Connor, 1994; Gowda,
1997; Tapson, 1997; Norton-Griffiths, 1979), and pastoralist status and decision making
(e.g., Homewood et al., 1987; Bekure et al., 1991; Homewood and Rodgers, 1991; McCabe,
1997; McCabe et al., 1997b; Galvin et al., 2000).

Specific Model Adjustments & Assessment

NCA ungulates outside Ngorongoro Crater are thought to be below some long-term forage-
based carrying capacity (Society of Range Management, 1989) due to livestock diseases
(Rwambo et al., 1999). To incorporate that relationship in the model, disease was
incorporated by emulating the main source of disease in reality, tick-borne diseases such as
East Coast fever. In the simulation, losses of livestock from disease were greater if animals
inhabited higher elevations, if rainfall was greater, or if livestock densities were high. To
maintain herbivore populations below carrying capacity, wildlife were modeled to avoid
livestock, using an adjustable avoidance parameter associated with the densities of the
functional groups. That allowed livestock losses from disease to be modeled without having
wildlife populations increase in a density-dependent way, maintaining ungulates below
carrying capacity. Livestock and wildlife will use products from agricultural lands to
varying degrees (Bayer and Waters-Bayer, 1994). However, to simplify modeling and to
have our results show the most extreme effects of cultivation that were feasible, we
excluded ungulates from cultivated patches entirely and ungulates did not benefit from crop
residues.

Assessing a model as integrative as Savanna can be challenging. The overall structure of
the model has been validated extensively in a variety of contexts (e.g., Kiker, 1998; Boone
et al., 2002; Weisberg et al., 2002), and the component algorithms were validated by the
original authors. Here, modeled vegetation biomass was compared in a spatial and non-
spatial way to biomass data collected by the Ngorongoro Ecological Monitoring Program
(Runyoro, 1998) and to greenness data in Normalized Difference Vegetation Indices
(NDVI) calculated from satellite images, produced by the Vegetation Programme, part of
the Earth Observation System of the Centre National d_Etudes Spatiales of France, in
cooperation with Sweden and Belgium (VITO, 2002). Spatially, vegetation green biomass
averaged over all years modeled compared well with the average greenness pattern
observed from space (Fig. 3; Spearman_s ρ = 0.76). Comparisons with greenness data
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collected on the ground showed that plant phenology was being represented reasonably
well (Spearman_s ρ = 0.81). Also, more than 20 experts in range science and livestock
production in NCA saw our results during workshops, with favorable feedback, what
Rykiel (1996) calls face validity.

Queries of Interest

The general goal of our modeling was straightforward; to simulate different levels of
cultivation and changes in ecosystem status, focusing upon ungulate populations and
human welfare. In practice, we modeled no cultivation, the current level of cultivation, and
up to five times the current level of cultivation. Mapped cultivation was used as a guide to
generate the GIS layer used in modeling current conditions, and as a guide where less or
more cultivation was modeled. The same distribution was used to model lower levels of
cultivation, but with fewer hectares per modeled cell in agriculture. Little of each cell with
cultivation was actually in cultivation (i.e., mean <1%, maximum 23%), but identified
general areas where cultivation was practiced. Therefore, greater areas of cultivation were
modeled by increasing the proportion of cultivation in each cell already with cultivation.
For the highest level of cultivation, a few cells neighboring those with cultivation and in
appropriate habitat were assigned some cultivation. In another scenario, we changed the
distribution of cultivation in NCA into two large blocks placed where cultivation is now most
dense, to assess potential ecosystem effects from moving cultivation to what may be a more
acceptable distribution in the eyes of the tourist trade and local authorities. Specifically,
changes in livestock or wildlife populations, or their distributions, were of interest. Lastly,
because human population growth is an important ecosystem stressor in East Africa, we
modeled human populations at 35,000, 50,000, 100,000, and 150,000 people.

Savanna integrates many sources of information, sometimes leading to complex
responses. Results from individual model runs are sensitive to the observed climatic pattern,
including any temporal autocorrelation in weather. That pattern and its effect on the
ecosystem are not of interest here, so 20 simulations 15-years long of each scenario were run

Fig. 3 A comparison of (a) modeled mean monthly green biomass and (b) observed greenness from
VEGETATION satellite data. Shades were distributed linearly, with the extremes defined based on the mean
value, plus and minus two times the standard deviation of the values.
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using yearly rainfall patterns selected randomly from the 30 year history cited, with small
(≤1°C; ≤1 mm rainfall) variations added. Summarizing results from 20 simulations yielded
precise estimates of mean responses (e.g., standard errors <1.3% of mean populations), and
allowed standard deviations of populations to be calculated. We discarded the first five years
of simulation results in each case while results were stabilizing, so that the results shown
summarize the final 10 years of simulated ecosystem responses.

Two types of simulations were conducted—with and without livestock sales. Livestock
are an important component of ungulates within NCA; livestock comprise about 80% of
ungulates in NCA in the dry season, 21% during the wet season, when migratory animals
from the Serengeti (wildebeest, zebra, and Thomson_s gazelle) are present (Boone and
BurnSilver, 2002) (note here that resident wildlife population changes were modeled, but
not migratory population changes, because only a portion of their annual range was
included in our study area, NCA). We sought to assess effects of cultivation on livestock
and resident wildlife populations, without results being confounded by sales or purchases
by Maasai. In some analyses, therefore, household modeling was disabled. In analyses
where household status was a response of interest, the full modeling system was used.

Results

We mapped 3,967 ha (9,803 ac) in cultivation within NCA in 2000 (Fig. 4, and not
including cultivation shown outside the boundary, which is conducted by non-Maasai
agriculturalists). This is a 73% increase in cultivation from that surveyed in 1993, after
cultivation was re-instated in 1991 (reviewed in McCabe et al., 1997b). The extent of
cultivation to the southeast did not agree spatially with the mapped boundary; that boundary
is being re-surveyed on the ground (V. Runyoro, NCAA, pers. comm.). It appears, however,
that a significant area of forest within NCA has been converted due to encroaching
cultivation (Fig. 4, extreme southeast). Other areas with significant cultivation were
Naiyobi, which is northeast of Empakaai Crater, and areas around Endulen, to the south.
Based on these results, and given that English units are commonly used in the region
(Table I includes metric values), we assessed cultivation at seven levels: 10,000 ac (current
conditions); 5,000; 7,000; 20,000; 30,000 and 50,000 ac, and no cultivation (0 ac).

A series of simulations with livestock sales disabled showed few effects of cultivation on
livestock and wildlife populations. A slight decline for cattle may be deduced (Fig. 5), and
resident zebra do decline in simulations (Table I). In general, however, the integrative
nature of Savanna yielded idiosyncratic responses to the different areas in cultivation,
which appeared to add more variability than the increase in cultivation itself. Variation
within the 20 simulations at each level of cultivation was large (although precise estimates
of mean responses were generated). As yearly weather was determined randomly, a series
of wet or dry years may favor a given animal functional group. As a given population
increased, others declined, yielding large deviations.

The modeling scenario that segregated cultivated areas into two large blocks (Fig. 6)
less obtrusive to tourists led to moderate changes in ungulate populations (Table II), versus
the current distribution. Changes ≥7.5% were a 15% decline in grazing antelope when
10,000 ac of cultivation were blocked, and a 12–13% increase in browsing antelope and
buffalo in the same simulation. Blocked-cultivation at 20,000 ac led to an 8% decline in
elephants, and 7.5% increase in grazing antelope. Whether these changes are because of
redistributed cultivation or populations changing through integrative responses we cannot
say. That said, the overall biomass of ungulates varied less than 2% between scenarios.
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Fig. 4 Cultivated areas within NCA, and a 5 km buffer around the boundary for context, are shown in black.
We estimated 3,967 ha (9,803 ac) of cultivation within NCA in February 2000.

Table I Wildlife Populationa Changes in Response to Areas in Cultivation in NCA

Species or group Area in cultivation

0 ac 5,000 ac 7,000 ac 10,000 ac 20,000 ac 30,000 ac 50,000 ac
0 ha 2,023 ha 2,833 ha 4,047 ha 8,094 ha 12,140ha 20,234 ha

Resident zebra 4,303 4,178 4,410 4,410 4,667 3,812 2,918
(1,619) (1,269) (1,257) (1,035) (1,380) (1,214) (1,862)

Resident grazing
antelope

13,153 12,482 13,034 13,927 12,160 11,679 12,820
(3,749) (5,124) (4,067) (5,200) (4,325) (3,764) (4,342)

Browsing
antelope

3,103 2,836 3,388 2,844 3,079 3,049 3,260
(889) (700) (1,016) (706) (829) (840) (818)

Buffalo 2,142 2,069 2,638 2,079 2,210 2,094 2,016
(677) (920) (1,033) (768) (751) (732) (909)

Elephant 385 362 329 386 347 360 347
(99) (85) (77) (101) (77) (78) (60)

Results summarize the last 10 years of 15-year simulations, where household modeling, including livestock
sales, was disabled. Values in parentheses are standard deviations from 20 simulations with annual weather
generated randomly based on historic patterns.
a Populations exclude animals within Ngorongoro Crater.
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Simulations with Maasai households modeled confirmed that human population growth
is a dominant motivator or cause of land use intensification and an indirect source of food
insecurity. In past analyses (Galvin et al., 2000), the amount of cultivation was changed
while the human population was constant. Here we increased cultivation linearly with
human populations, but livestock populations were modeled dynamically, and stayed
relatively stable as they have been for decades. In four analyses with human populations
from 35,000 to 150,000, food insecurity increased dramatically due to declining TLUs per
person. For example, in simulations moderately wealthy families had 2.82 TLUs/person
with 35,000 people, but 0.67 TLUs/person with 150,000 people in NCA—NCA cannot
support enough livestock to meet the needs of 150,000 pastoralists. With 35,000 people, as
in 1992, poor and moderately wealthy households required <5% of supplements to their
diet (Fig. 7), and rich households require no supplements at all. The need for supplemental
foods increased, until with the population at 150,000 people, poor households are needing
supplements to fulfill 25% of their diets, and even rich households are requiring
supplements for a significant component of their diets.

Discussion

Cultivation has been a point of heated dispute between managers and residents in NCA for
more than 15 years (e.g., McCabe et al., 1997b). We have used a complex integrative model

Fig. 5 Livestock populations
under different areas in cultiva-
tion, with: (a) cattle, (b) goat,
and (c) sheep populations shown.
Error bars show the standard
deviation of populations across
20 simulations using randomly
assigned yearly weather patterns.
See Table I for metric areal units.
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to demonstrate that resident ungulate populations do not show marked population changes
relative to an absence of cultivation, given the current area and distribution of cultivation.
No large population declines were observed with cultivation up to 50,000 ac. Ten thousand
acres in cultivation represents 0.49% of NCA (8,280 km2); or, if only the Pastoralist
Development Management Zone is considered (NCAA, 1996; see Boone and BurnSilver,
2002), 10,000 ac in cultivation represents 1.1% of the zone. The model results seem
reasonable; levels of cultivation such as this would have minor effect upon ungulates. If
cultivation were distributed differently, such as surrounding the northwest rim of
Ngorongoro Crater (Runyoro et al., 1995) or dominating the grasslands of Olbulbul
Depression, effects might be greater. Wildlife movements and migration corridors are not
well documented in NCA, except for movements on the plains (Runyoro et al., 1995;
Boshe 1997), and the version of the Savanna model used did not include explicit modeling

Fig. 6 Cultivation within NCA
redistributed into two large
blocks. Simulations included:
(a) 10,000 ac in cultivation,
shown in black, and (b)
20,000 ac. The inset with arrow
shows that cultivation within
these blocks is dense, but not
continuous. See Table I
for metric areal units.
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Fig. 7 The percentage of Maasai
diets composed of supplemental
or relief foods, for poor (P),
moderate (M), and rich (R)
households with human popula-
tion at 35,000 to 150,000 people.
Error bars show the standard
deviation of populations across
20 simulations using randomly
assigned yearly weather patterns.

Table II Ungulate Populationa Changes Under the Observed Distribution of Cultivationb, and Cultivation
Placed into Two Large Blocks (Fig. 6)

Species or group Distribution of cultivation

Current Blocked Current Blocked
10,000 ac 20,000 ac

Cattle 112,540 116,159 116,941 116,573
(23,234) (20,514) (22,542) (24,644)

Goat 120,511 112,582 119,573 118,859
(35,667) (33,632) (32,674) (37,056)

Sheep 65,744 68,135 65,675 62,126
(14,041) (17,431) (16,707) (19,927)

Resident zebra 4,409 4,256 4,668 4,319
(1,035) (1,542) (1,380) (1,319)

Resident grazing antelope 13,927 11,882 12,160 13,077
(5,200) (3,482) (4,325) (4,610)

Browsing antelope 2,844 3,225 3,080 3,141
(705) (891) (829) (879)

Buffalo 2,078 2,344 2,210 2,264
(768) (714) (751) (1,093)

Elephant 386 364 347 318
(101) (87) (78) (74)

Results summarize the last 10 years of 15-year simulations, where household modeling, including livestock
sales, was disabled. Values in parentheses are standard deviations from 20 simulations with weather
generated randomly based on historic patterns.
a Populations exclude animals within Ngorongoro Crater.
b For hectares in cultivation, see Table I.
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of animal movements. Regardless, in its current configuration, cultivation appears to have
only minor effects on resident ungulate populations.

Maasai in general, and especially the community in NCA, are faced with increasingly
difficult challenges (Galvin et al., 2002), but these challenges appear to be manifesting
themselves as decreased food security associated with human population growth, not in
marked declines in wildlife or livestock populations (Kijazi et al., 1997). We have assessed
effects of cultivation from its current level to five times its current level, with few changes
in resident ungulate populations. However, the decrease in TLUs per person under
increased human population and livestock remaining below carrying capacity led to far
greater needs for supplemental foods to be provided to NCA Maasai (Fig. 7). In past
analyses we found that the benefits to NCA Maasai from cultivation permitted in 1991 were
essentially negated by the year 2000, due to increased growth and immigration (Galvin
et al., 2000). In time, the need for supplemental provisions may exceed what friends,
relatives and the national and international aid communities can provide.

Our models include relatively simple effects of cultivation on ungulates and households.
Our results are not intended to provide predictions as to actual ungulate population levels or
human relief needs 15 years hence, but rather are intended to provide general directions and
magnitudes of change. For example, an ongoing Danish-supported pastoral development
project within NCA is increasing livestock populations through restocking and improved
veterinary care (Bourn, 2002), which may alter the trajectories of ungulate populations. Our
models are intended to capture the main effects upon the ecosystem and households, and to
compare results from a baseline simulation to results from simulations where only one
variable (e.g., cultivated area) has been changed. In brief, ungulates were unable to use
areas in cultivation, but that simple restriction may lead to complex cascading responses in
Savanna, as in reality. For example, animals unable to use an area will loose access to the
forage that area provides, seek alternative foraging areas, disrupt the distributions of other
ungulates that were using the alternative areas, and perhaps alter the distribution of
migratory species and the biomass of vegetation on which they feed. We did not address
other costs associated with cultivation, such as water use, the potential to truncate wildlife
corridors, or animals disturbed or killed to protect crops (McCabe et al., 1997b), although
few wildlife are killed in NCA. Some resident wildlife populations increased under higher
levels of cultivation in our integrative modeling (Table I). Competition for forage by
ungulates in Savanna yielded declines in some species as cultivation increased and they
were excluded from a favored forage area, and compensatory increases in other ungulate
populations. Overall, however, these changes are idiosyncratic to the particular scenarios,
and the biomass of resident wildlife did not change. We did not assess whether crop
production would be harmed or benefit from the change in distribution we modeled, or if
other locations would be better or worse than the locations we selected. It may be that
cultivation in two larger blocks is more susceptible to climatic variation than its current,
diffuse distribution. In general, however, our results using blocked-cultivation appear
reasonable. For example, cattle show somewhat more sensitivity to cultivation than do goats
or sheep, which is reasonable given their annual movements. During the bulk of the growing
season, cattle cannot use the plains because of the risk of contracting malignant catarrhal
fever, which is spread by young wildebeest (Boone et al., 2002). Cattle are herded to the
midland slopes of NCA, where cultivation occurs. Goats and sheep are not at risk from
malignant catarrhal fever, and are less constrained in their habitat use. Lastly, we presented
our suite of results, but in different formats, to NCA stakeholders, including research
scientists, land managers, policy makers, and Maasai agro-pastoralists (Rykiel, 1996). In
general, the information we presented agreed with the perceptions of the stakeholders.
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Several proposals have been discussed by NCAA and others to address national and
international conservation concerns regarding cultivation. The proposal being acted upon
now is to exclude larger scale cultivation around Endulen and north of Empakaai Crater
from NCA. Large-scale cultivators are typically non-Maasai who have immigrated into
NCA following what was to be a temporary reprieve on the ban on cultivation. Tourists and
others are often more comfortable with small agricultural plots associated with households
than with visible large-scale fields in cultivation, and the removal of large fields may ease
many concerns. We could not differentiate between Maasai and non-Maasai cultivation
based on satellite images to aid in this decision making (e.g., we believe relying solely on
cultivated patch size to suggest Maasai and non-Maasai cultivation would be misleading).
Complex family histories, such as plural marriages between Maasai and non-Maasai,
residence by non-Maasai for generations (McCabe et al., 1997b), and little record-keeping
has made identification of Maasai that are bona fide residents of NCA difficult and
contentious (V. Runyoro, NCAA, pers. comm.). The current proposal being implemented
by NCAA is to shift all cultivation from NCA to LGCA over a number of years (V.
Runyoro, pers. comm.). An area within LGCA has been designated for use by NCA
cultivators to raise crops, which will require that families emigrate to LGCA, move
annually back and forth between the areas, separate to allow some family members to raise
crops in LGCA while others raise livestock in NCA, or stop cultivating. In interviews, a
variant of this approach proved unpopular with Maasai in the mid-1990s (McCabe et al.,
1997b). Regardless of cultivation in the mid-slopes of NCA, cultivation encroaching into
the Northern Highland Forest Reserve from the southeast is unlikely to be by resident
Maasai. Given the importance of the reserve as a water catchment, that cultivation should
be removed and forest regenerated.

In climatically variable systems such as NCA, it is difficult to quantify how much dietary
energy a cultivated area may produce, but general estimates have been made. Our data,
analyses, and analyses by others suggest that currently, between 15 and 30% of the energy
needs of theMaasai in NCA aremet through cultivation, including crops sold to purchase grains
grown outside NCA. If cultivation were removed from NCA, it would leave a large deficit in
Maasai dietary needs, one that will only become more extreme as human population increases.

Wildlife conservation is a critical component of the great experiment that is NCA.
However, international and national observers must avoid reflexive conservation concerns
unsupported by evidence, or worse, views that seek to maintain Maasai “as human beings
in their primitive state” (notes cited in Neumann, 2000, pp. 124–125). If the NCA
experiment is to continue to inform multiple-use land management throughout East Africa,
the mix of land uses should remain fairly representative of traditional uses. Cultivation
improves diets and likely increases human population growth, further stressing ecosystem
services, but denying cultivation to slow growth cannot form a socially acceptable
foundation for policy. Maasai in NCA have cultivated for decades (McCabe et al.,
1997a), and small scale agriculture has traditionally been part of African pastoralism where
ever such cultivation is possible (Neumann, 1998). It is not a culturally aberrant practice
inappropriate to the status of NCA as a World Heritage Site, and appears to be ecologically
compatible with the other purposes of NCA. Large scale agriculture, either by Maasai or
others, is more problematic. Conversion of land to such uses is common in East Africa and
may be an unavoidable consequence of modernization, monetization, and human
population growth. Its suitability within NCA, however, is questionable, and the most
recent estimate available, although now dated, indicates that it may compose more than
50% of cultivation in NCA (Kijazi 1997). Challenges abound in managing NCA, especially
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in response to human population growth and the control of immigration into multiple-use
areas, but based upon integrative modeling and the caveats we cite, we believe that having
<1% of NCA in cultivation, in its current distribution, is not overly detrimental to wildlife
or livestock populations, and is very important to Maasai well-being.

Acknowledgments V. Runyoro assisted with mapping cultivation, and with outreach efforts. Discussions
with S. BurnSilver and S. Lynn greatly improved the research. Our thanks to E. Chausi for posing the
questions addressed by the research team, P. Moehlman for providing data, and to members of the Maasai
community who provided input. This publication was made possible through funding provided to M.
Coughenour, J. Ellis, and K. Galvin by the Global Livestock Collaborative Research Support Program,
supported by the Office of Agriculture and Food Security, Global Bureau, United States Agency for
International Development under Grant No. PCE-G-98-00036-00, and by support from the US National
Science Foundation Biocomplexity program to N.T. Hobbs et al. under grant 0119618.

References

ADDS (2001). African Data Dissemination Service, Site Version 2.3.2, US Geological Survey/EROS Data
Center, Sioux Falls, South Dakota, USA. http://edcsnw4.cr.usgs.gov/adds/.

Aikman, D. I., and Cobb, S. M. (1997). Water development. In Thompson, D. M. (ed.), Multiple Land-Use:
The Experience of the Ngorongoro Conservation Area, Tanzania, IUCN, Gland, Switzerland and
Cambridge, UK, pp. 201–231.

Bayer, W., and Waters-Bayer, A. (1994). Forage alternatives from range and field: Pastoral forage
management and improvement in the African drylands. In Scoones, I. (ed.), Living with Uncertainty:
New Directions in Pastoral Development in Africa, Intermediate Technology, London, UK, pp. 58–78.

Bekure, S., de Leeuw, P. N., Grandin, B. E., and Neate, P. J. H. (1991). Maasai herding: An analysis of the
livestock production system of Maasai pastoralists in eastern Kajiado District, Kenya. International
Livestock Centre for Africa, ILCA Systems Study Number 4, Addis Ababa, Ethiopia.

Boone, R. B. (2000). Integrated management and assessment system: Balancing food security, conservation,
and ecosystem integrity—A training manual. Global Livestock Collaborative Research Support
Program, Univ. California, Davis, CA, USA. http://www.nrel.colostate.edu/projects/imas/prods/rboone/
Workshop.html.

Boone, R. B., and BurnSilver, S. B. (2002). Integrated assessment results to support policy decisions in
Ngorongoro Conservation Area, Tanzania. Report from the POLEYC Project to the Global Livestock
Collaborative Research Support Program, University of California, Davis, California, USA.

Boone, R. B., Coughenour, M. B., Galvin, K. A., and Ellis, J. A. (2002). Addressing management questions
for Ngorongoro Conservation Area, Tanzania, using the Savanna modeling system. African Journal of
Ecology 40: 138–150.

Boone, R. B., Galvin, K. A., Coughenour, M. B., Hudson, J. W., Weisburg, P. J., Vogel, C. H., and Ellis, J. E.
(2004). Ecosystem modeling adds value to a South African climate forecast. Climatic Change 64: 317–340.

Boone, R. B., BurnSilver, S. B., Thornton, P. K., Worden, J. S., and Galvin, K. A. (2005). Quantifying
declines in livestock due to land subdivision. Range. Ecol. & Manage 58: 523–532.

Boshe, J. I. (1997). Wildlife ecology. In Thompson, D. M. (ed.), Multiple Land-Use: The Experience of the
Ngorongoro Conservation Area, Tanzania, IUCN, Gland, Switzerland and Cambridge, UK, pp. 71–80.

Bourn, D. (2002). An Appraisal of Pastoral Production Potential in Relation to Continued Interventions by
the Ereto Ngorongoro Pastoralist Project, Environmental Research Group Oxford, Oxford, UK.

Brown, L. H. (1973). Pastoral people and conservation. In Brown, L. H. (ed.), Conservation for survival—
Ethiopia_s choice, Haile Selassie, Addis Ababa, Ethiopia, pp. 67–76.

Buckley, D. J., Coughenour, M. B., Blyth, C. B., O_Leary, D. J., and Bentz, J. A. (1993). Ecosystem
Management Model—Elk Island National Park: A Case Study of Integrating Environmental Models
with GIS. Proceedings of the Second International Conference on Integrating GIS and Environmental
Modelling. National Center for Geographic Information Analysis, University of California, Santa
Barbara, California.

BurnSilver, S., Boone, R. B., and Galvin, K. A. (2003). Linking pastoralists to a heterogeneous landscape:
The case of four Maasai group ranches in Kajiado District, Kenya. In Fox, J., Mishra, V., Rindfuss, R.,
and Walsh, S. (eds.), Linking Household and Remotely Sensed Data: Methodological and Practical
Problems, Kluwer, Boston, Massachusetts, pp. 173–199.

Hum Ecol (2006) 34:809–828 825

http://edcsnw4.cr.usgs.gov/adds/
http://www.nrel.colostate.edu/projects/imas/prods/rboone/Workshop.html
http://www.nrel.colostate.edu/projects/imas/prods/rboone/Workshop.html


Campbell, K., and Borner, M. (1995). Population trends and distribution of Serengeti herbivores: Implications
for management. In Sinclair, A. R. E., and Arcese, P. (eds.), Serengeti II: Dynamics, Management, and
Conservation of an Ecosystem, University of Chicago, Chicago, Illinois, USA, pp. 117–145.

Coughenour, M. B. (1985). Graminoid responses to grazing by large herbivores: Adaptations, exaptations,
and interacting processes. Annals of the Missouri Botanical Garden 72: 852–863.

Coughenour, M. B. (1992). Spatial modelling and landscape characterization of an African pastoral
ecosystem: A prototype model and its potential use for monitoring drought. In McKenzie, D. H.,
Hyatt, D. E., and McDonald, V. J. (eds.), Ecological Indicators, Vol. 1, Elsevier, New York, New York,
pp. 787–810.

Coughenour, M. B., Ellis, J. E., and Popp, R. G. (1990). Morphometric relationships and development
patterns of Acacia tortilis and Acacia reficiens in Southern Turkana, Kenya. Bulletin of the Torrey
Botanical Club 117: 8–17.

De Leeuw, J., Prins, H. H. T., Njuguna, E. C., Said, M. Y. and de By, R. A. (1998). Interpretation of DRSRS
animal counts (1977–1997) in the rangeland districts of Kenya. International Institute for Aerospace
Survey and Earth Sciences, Enschede, The Netherlands, and the Department of Resource Surveys and
Remote Sensing, Nairobi, Kenya.

Ellis, J. E., and Coughenour, M. B. (1998). The SAVANNA integrated modelling system: An integrated
remote sensing, GIS and spatial simulation modelling approach. In Squires, V. R., and Sidahmed, A. E.
(eds.), Drylands: Sustainable Use of Rangelands into the Twenty-First Century, IFAD Series: Technical
Reports, Rome, Italy, pp. 97–106.

Fourie, J. H., and Roberts, B. R. (1977). Seasonal dry matter production and digestibility of Themeda
triandra and Eragrostis lehmanniana.Agroplantae 9: 129–133.

Galvin, K., Thornton, P., and Mbogoh, S. (2000). Integrated modeling and assessment for balancing food
security, conservation, and ecosystem integrity in East Africa. Final report, socio-economic modeling
component, 1997–2000, Global Livestock Collaborative Research Support Program, University of
California, Davis, California.

Galvin, K. A., Ellis, J., Boone, R. B., Magennis, A., Smith, N. M., Lynn, S. J., and Thornton, P. (2002).
Compatibility of pastoralism and conservation? A test case using integrated assessment in the
Ngorongoro Conservation Area, Tanzania. In Chatty, D., and Colchester, M. (eds.), Conservation and
Mobile Indigenous Peoples: Displacement, Forced Settlement and Sustainable Development, Berghahn,
New York, New York, pp. 36–60.

Gowda, J. H. (1997). Physical and chemical response of juvenile Acacia tortilis trees to browsing.
Experimental Evidence. Functional Ecology 11: 106–111.

Hepinstall, J. A., Sader, S. A., Krohn, W. B., Boone, R. B., Bartlett, R. I. (1999). Development and testing of
a vegetation and land cover map of Maine. Maine Agricultural and Forest Experiment Station Technical
Bulletin 173, Orono, Maine.

Herlocker, D. J., Dirschl, H. J. (1972). Vegetation of the Ngorongoro Conservation Area, Tanzania. Canadian
Wildlife Service, Report Series Number 19.

Hodgkinson, K. C., Ludlow, M. M., Mott, J. J., and Baruch, Z. (1989). Comparative responses of the
savanna grasses Cenchrus ciliaris and Themeda triandra to defoliation. Oecologia 79: 45–52.

Homewood, K. M., Rodgers, W. A. (1991). Maasailand ecology: Pastoralist development and wildlife
conservation in Ngorongoro, Tanzania. Cambridge Studies in Applied Ecology and Resource
Management, Cambridge University Press, Cambridge, Massachusetts.

Homewood, K. M., Rodgers W. A., and Arhem K. (1987). Ecology of pastoralism in Ngorongoro
Conservation Area, Tanzania. Journal of Agricultural Sciences 108: 57–72.

IUCN (IUCN Regional Office of East Africa) (1996). Planning for the future of Ngorongoro. Econews Afr. 5(4).
Kijazi, A. (1997). Principal management issues in the Ngorongoro Conservation Area. In Thompson, D. M.

(ed.), Multiple Land-Use: The Experience of the Ngorongoro Conservation Area, Tanzania, IUCN,
Gland, Switzerland and Cambridge, UK, pp. 33– 43.

Kijazi, A., Mkumbo, S., and Thompson, D. M. (1997). Human and livestock population trends. In
Thompson, D. M. (ed.), Multiple Land-Use: The Experience of the Ngorongoro Conservation Area,
Tanzania, IUCN, Gland, Switzerland and Cambridge, UK, pp. 169–180.

Kiker, G. A. (1998). Development and comparison of savanna ecosystem models to explore the concept of
carrying capacity. Ph.D. dissertation, Cornell University, Ithica, New York, New York.

Lynn, S. J. (2000). Conservation policy and local ecology: Effects on Maasai land use patterns and human
welfare in northern Tanzania. M.S. thesis, Colorado State University, Fort Collins, Colorado.

Maskini, M. S., and Kidunda, R. S. (2000). Spatial and Temporal Grazing Patterns of Livestock and Wild
Herbivores at Ngorongoro Conservation Area. Report to Global Livestock Collaborative Research
Support Program, University of California, Davis, California.

McCabe, J. T. (1997). Risk and uncertainty among the Maasai of the Ngorongoro Conservation Area in
Tanzania: A case study in economic change. Nomadic Peoples 1: 55–65

826 Hum Ecol (2006) 34:809–828



McCabe, J. T., Schofield, E. C., and Pedersen, G. N. (1997a). Food security and nutritional status. In
Thompson, D. M. (ed.), Multiple Land-Use: The Experience of the Ngorongoro Conservation Area,
Tanzania, IUCN, Gland, Switzerland and Cambridge, UK, pp. 285–301.

McCabe, J. T., Mollel, N., and Tumaini, A. (1997b). Food security and the role of cultivation. In Thompson,
D. M. (ed.), Multiple Land-Use: The Experience of the Ngorongoro Conservation Area, Tanzania,
IUCN, Gland, Switzerland and Cambridge, UK, pp. 397– 416.

McNaughton, S. J. (1985). Ecology of a grazing ecosystem: The Serengeti. Ecological Monographs 55: 259–294.
Murray, M. G. (1995). Specific nutrient requirements and migration of wildebeest. In Sinclair, A. R. E., and

Arcese, P. (eds.), Serengeti II: Dynamics, Management, and Conservation of an Ecosystem, University
of Chicago, Chicago, Illinois, pp. 231–256.

Mwalyosi, R. B. B. (1992). Influence of livestock grazing on range condition in south-west Masailand,
northern Tanzania. Journal of Applied Ecology 29: 581–588.

NCAA (Ngorongoro Conservation Area Authority) (1996). Ngorongoro Conservation Area Authority draft
management plan. TanzaniaMinistry of Tourism, Natural Resources, and Environment. Ngorongoro, Tanzania.

NCAA (Ngorongoro Conservation Area Authority) (1999). 1998 aerial boma count, 1999 people and
livestock census, and human population trend between 1954 and 1999 in the NCA. Research and
Planning Unit, Ngorongoro Conservation Area Authority, Ngorongoro Crater, Tanzania.

Ndawula-Senyimba, M. S. (1972). Some aspects of the ecology of Themeda trianda. East African
Agricultural and Forestry Journal 38: 83–93.

Neumann, R. P. (1998). Imposing Wilderness: Struggles over Livelihood and Nature Preservation in Africa,
University of California, Berkeley, California.

Neumann, R. P. (2000). Land, justice, and the politics of conservation in Tanzania. In Zerner, C. (ed.),
People, Plants, and Justice: The Politics of Nature Conservation, Columbia University Press, New York,
New York, pp. 117–133.

Norton-Griffiths, M. (1979). The influence of grazing, browsing, and fire on the vegetation dynamics of the
Serengeti. In Sinclar, A. R. E., and Norton-Griffiths, M. (eds.), Serengeti: Dynamics of an Ecosystem,
University of Chicago, Chicago, Illinois, pp. 310–352.

O_Connor, T. G. (1994). Composition and population responses of an African savanna grassland to rainfall
and grazing. Journal of Applied Ecology 31: 155–171.

O_Connor, T. G., Pickett, G. A. (1992). The influence of grazing on seed production and seed banks of some
African savanna grasslands. Journal of Applied Ecology 29: 247–260.

Perkin, S. (1995). Multiple land use in the Serengeti region: The Ngorongoro Conservation Area. In Sinclair,
A. R. E., and Arcese, P. (eds.), Serengeti II: Dynamics, Management, and Conservation of an Ecosystem,
University of Chicago, Chicago, Illinois, pp. 571–587.

Runyoro, V. A. (1998). Research and ecological monitoring: Annual report. Ngorongoro Conservation Area
Authority, Ngorongoro Crater, Tanzania.

Runyoro, V. A., Hofer, H., Chausi, E. B., Moehlman, P. D. (1995). Long-term trends in the herbivore
populations of Ngorongoro Crater, Tanzania. In Sinclair, A. R. E., and Arcese, P. (eds.), Serengeti II:
Dynamics, Management, and Conservation of an Ecosystem, University of Chicago, Chicago, Illinois,
pp. 146–168.

Rwambo, P., Grootenhuis, J. G., Demartini, J., Mkumbo, S. (1999). Animal Disease Risk in the Wildlife/
Livestock Interface in the Ngorongoro Conservation Area of Tanzania, Report to Global Livestock
Collaborative Research Support Program, University of California, Davis, California.

Rykiel, E. J. (1996). Testing ecological models: The meaning of validation. Ecological Modelling 90: 229–244.
Satorre, E. H., Rizzo, F. A., Arias, S. P. (1996). The effect of temperature on sprouting and early

establishment of Cynodon dactylon. Weed Research 36: 431– 440.
Seagle, S. W., McNaughton, S. J. (1993). Simulated effects of precipitation and nitrogen on Serengeti

grassland productivity. Biogeochemistry 22: 157–178.
Serneels, S., Lambin, E. F. (2001). Impact of land-use changes on the wildebeest (Connochaetes taurinus) in

the northern part of the Serengeti-Mara ecosystem. Journal of Biogeography 28: 391– 408.
Sinclair, A. R. E., Gwynne, M. D. (1972). Food selection and competition in the East African buffalo

(Syncerus caffer Sparrman). East African Wildlife Journal 10: 77–89.
Society of Range Management (1989). A Glossary of Terms Used in Range Management, Denver, Colorado.
Stafford Smith, D. M., Noble, I. R., Jones, G. K. (1985). A heat balance model for sheep and its use to

predict shade-seeking behaviour in hot conditions. Journal of Applied Ecology 22: 753–774.
Tapson, D. (1997). The effects of drought on livestock on communally managed rangelands. Rural

Transformation Services, Bathurst, Eastern Cape, Republic of South Africa.
Tewari, V. P. (1996). Developing equations for estimating growth parameters of Acacia tortilis (Forsk.)

Hayne. Indian Forester 122: 1004 –1009.
Thompson, D. M. (ed.) (1997). Multiple Land-Use: The Experience of the Ngorongoro Conservation Area,

Tanzania, IUCN, Gland, Switzerland and Cambridge, UK.

Hum Ecol (2006) 34:809–828 827



Thornton P. K., Galvin, K. A., Boone, R. B. (2003). An agro-pastoral household model for the rangelands of
East Africa. Agricultural Systems 76: 601–622.

UNESCO (United Nations Educational, Scientific, and Cultural Organization) (2000). UNESCO MAB
biosphere reserve directory. http://www.unesco.org/mab/brlistAfr.htm.

USDA (U.S. Department of Agriculture) (2003). Natural Resources Conservation Service: World soil
resources. Washington, DC, USA. http://www.nrcs.usda.gov/technical/worldsoils/.

VITO (VITO Belgium) (2002). Vegetation home page and catalogue. http://www.vgt.vito.be/indexstart.htm.
Weisberg, P. J., Hobbs, N. T., Ellis, J. E., Coughenour, M. B. (2002). An ecosystem approach to population

management of ungulates. Journal of Environmental Management 65: 181–197.
Western, D. (1975). Water availability and its influence on the structure and dynamics of a savanna large

mammal community. East African Wildlife Journal 13: 265–286.

828 Hum Ecol (2006) 34:809–828

http://www.unesco.org/mab/brlistAfr.htm
http://www.nrcs.usda.gov/technical/worldsoils/
http://www.vgt.vito.be/indexstart.htm

	Cultivation and Conservation in Ngorongoro Conservation Area, Tanzania
	Abstract
	Introduction
	Materials and Methods
	Mapping Cultivation
	Ecosystem and Socioeconomic Modeling
	Adapting Savanna and PHEWS to NCA
	Functional Groups
	Parameterizing the Model
	Specific Model Adjustments & Assessment

	Queries of Interest

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


