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Abstract

Most spatial models of grazing assume a global search; that is, the entire paddock or landscape is available to
grazers. These ‘unconstrained’ models characterize landscape patches based on absolute properties (i.e., without
regard for how individual grazers are situated within them). In most of East Africa cattle are herded and must start
and end each day’s grazing at their enclosure. Thus, global search is not a realistic assumption. This implies that
the relative location of a patch may be more important than its absolute properties because its quality depends not
only on the properties of the patch itself, but also on its location relative to home and to water. Using data from
73 full-day herd follows among a group of agropastoralists in western Tanzania, | build and test an unconstrained
model and compare its analytical utility and predictive power to a ‘central-place’ model that defines the landscape
relative to herders’ homes (the central place) and dry season water. The central-place model provides analytical
insights into the grazing system that are not apparent when using an unconstrained model, and it explains more of
the variance in grazing intensity. Because many types of resources are collected around a focal point, central-place
models should have wide applicability for analyzing and modeling many kinds of resource use, particularly in the
developing world.

Introduction landscape-scale distributions of resource use. While
the models themselves deal with grazing intensity,
Identifying the spatial distribution of impacts is a crit- the methods can be applied to a variety of resource
ical first step in understanding how human resource types, including fuel and hardwood collection, sub-
use affects landscape structure (Forman 1995, Shugarsistence hunting, and intertidal gathering. The first
1998). Spatial models provide a means toward this type, which | call an ‘unconstrained’ model, has been
end (Covich 1976, DeAngelis et al. 1985, Baker widely used for modeling grazing systems in North
1995, Fox et al. 1996), but many models developed America, Europe and Australia. The second type, a
in non-human systems neglect key features of human ‘central-place’ model, has a long history in geography,
resource use. In this paper, | use spatial data from economics and ecology (Haggett et al. 1977, Preston
agropastoralists’ herding in western Tanzania to com- 1992) but to my knowledge has never been used to
pare two types of modeldor analyzing and predicting  analyze landscape-level distributions of grazing. In

—_— the first two sections | discuss the reasons for ana-
1 acknowledge that the ternmodelcan mean both a conceptual
approach and a mathematical representation and have attempted tamean a conceptual approach, and in predicting spatial distributions
keep these roles distinct. But because both aspects are explored heref cattle | usemodelto mean a mathematical representation.

| should explicitly state that in analyzing land use | usedelto
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lyzing and modeling pastoral herding, give thumbnail substantial humbers of wildlife use pastoral areas
sketches of some existing unconstrained models of adjacent to Amboseli National Park, Kenya (hence-
grazing systems, and present herding systems from theforth ‘N.P.", Western 1975, Lindsay 1989, Western
pastoral literature using a central-place perspective. | 1994), Maasai Mara Reserve, Kenya (Broten and Said
then use both approaches to analyze half of a data set1995), Serengeti N.P., Tanzania and Ngorongoro Con-
on herding practices collected among the Sukuma, a servation Area, Tanzania (Homewood and Rodgers
group of agropastoralists in western Tanzania. Based 1991, Runyoro et al. 1995), Taringire N.P., Tanzania
on these analyses | build simple, landscape-scale un-(Lamprey 1964, Borner 1984, Kahurananga and Silk-
constrained and central-place models and test themiluwasha 1997), Lake Manyara N.P., Tanzania (Mwa-
using the second half of the same data set. | evalu-lyosi 1992, Newmark 1996), Mkomazi Game Re-
ate the models based on their data requirements, theirserve, Tanzania (Eltringham et al. 1998), and Katavi
analytical utility and their ability to predict the spatial N.P., Tanzania (TWCM 1992, Caro 1999b). Pastoral
distribution of grazing. | conclude by discussing the land use will likely affect these populations and may
utility of central-place models for understanding pas- strongly influence whether protected areas become
toral and other resource use systems, particularly in insularized. Numerous studies have explored the nega-

the developing world. tive effects of insularization on East Africa’s protected
areas (Miller and Harris 1977, Soule et al. 1979, East
Why model pastoral herding? 1981, Western and Ssemakula 1981, Burkey 1995,

Newmark 1996), but far fewer have examined the land
Pastoral systems provide an excellent example of how yse systems potentially leading to it. Therefore, an un-
spatial modeling can help understand the impacts of derstanding of pastoral land use may assist in promot-
human resource use. Virtually all pastoral animals are jng successful conservation efforts. The salience of
enclosed at night so daily grazing must start and end these questions extends beyond East Africa as the links
at their enclosure (Galaty and Johnson 1990). This petween pastoral land use and conservation are impor-
‘central-place’ constraint has two important effects on ant in Asia (Nyerges 1980, Saberwal 1996, Mishra
herding. First, animals cannot simply stay close to 1997, Casimir and Rao 1998, Fernandez-Gimenez
good grazing areas as many wild ungulates do (Estes1999), the Middle East (Meir and Tsoar 1996) and
1991); they must be driven to and from grazing ar- e|sewhere in Africa (Obot et al. 1989, Dodd 1994,

eas each day. This makes monitoring pastoral animals’ ward et al. 1998, du Toit and Cumming 1999, Kepe
densities particularly difficult because aerial censuses, and Scoones 1999).

which are generally flown in the morning, do not give
an accurate picture of cattle distributions at a land- Qverview of spatial grazing models
scape scale (Peden 1987). Second, for any particular
herder, the utility of a patch depends not just on its Two types of grazing models are considered here:
qguantity and quality of forage, but also on its distance ‘unconstrained’ and ‘central-place’ models. Uncon-
from that herder's settlement and location relative strained models examine herbivore distributions based
to other resources like water. These two factors can on ‘absolute’ characteristics of the landscape. These
strongly influence the distribution of cattle within pas- may be abiotic factors like slope, aspect, and dis-
toral landscapes and may be important considerationstance from water, or biotic attributes like vegetation
in analyzing and modeling pastoral grazing systems. type, palatability, or the density of other species
Given the difficulties of monitoring the spatial distrib- (Coughenour 1991, Bailey et al. 1996). Unconstrained
ution of pastoral grazing, spatial modeling may offera models implicitly assume global search. In other
more useful method for predicting the distribution of words, foragers are not tied to a specific place, so
grazing and identifying ecological impacts. the entire landscape or paddock is available to them
The significance of pastoral land use for biologi- and absolute characteristics are most appropriate. In
cal conservation is widely recognized (Brown 1971, contrast, a central-place approach defines landscape
Homewood and Rodgers 1984, Arhem 1985, Sinclair characteristics relative to key points (central places)
and Fryxell 1985, Lindsay 1989, Enghoff 1990, Mc- which may change for each user. For example, a
Cabe 1990, Homewood and Rodgers 1991, McCabe particular point may be characterized differently by
et al. 1992, Prins 1992, Western 1994, Little 1996, different herders according to its distance from each
Ward et al. 1998, du Toit and Cumming 1999). Indeed, one’s settlement or direction relative to their particu-
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lar water source. Thus the critical idea and crux of a
central-place approach is that herders from different
households may be using the landscape in qualita-
tively different ways, even though their animals are

occupying the same area.

Unconstrained models have been widely used
to examine landscape-scale distributions of grazing.

Senft et al. (1983, 1985a, 1985b) use regression mod- .
els to predict cattle distributions, grazing behavior and

choice of resting sites. Pickup and Bastin (1997) apply

models developed in Australian rangelands (Pickup b
1994) to investigate the effects of paddock shape and

the locations of water points in influencing cattle dis-
tributions. Other studies use unconstrained landscape- .
scale models to examine foraging behavior (Turner

et al. 1993, Percival et al. 1996), patterns of searching
behavior (Anderson 1996), and energetics (Moen et al. c
1997).

A number of authors (citations below) have dealt '
qualitatively with the central-place constraint in pas- /
toral herding. Their characterizations of pastoral graz- . e
ing take four basic forms (Figure 1). All these models
were presented as conceptual representations of pas
toral grazing, but to date, none has been tested quan-
titatively. Homewood and Rogers (1991) assume that Figure 1. Four Central-place Models of Pastoral Herding. Dark and
grazing is distributed evenly within an eight kilometer light areas show high and low grazing intensity respectively. Each
radius around pastoral settlements (Figure 1a). Note settlement is aFthe center of the circle§ wi;h its water source diregtly

. L . . above. Each distribution is an approximation of a pattern of grazing
that to achlgve an even distribution of gr_azmg across intensity described in the pastoral literature. The assumptions neces-
the whole circle, herds must spend a disproportion- sary for each hypothesized distribution in the left column are shown
ate amount of time at its edges because the area ofin the panels to the right. The vertical axes in all panels represent
a circle increases by the radius squared (Figure 1a, use or time.spent grazing. The horizontal axes in the.center.column

. . . represent distance from the pastoral settlement and in the right col-
center panel). Note also that use is uniform with re- ;1 girection relative to water (ranging frorf r directly toward
spect to direction from home (Figure 1a, right panel). water, to 180 or directly away from water). See text for citations
Spencer (1973) describes a situation where each settle-and details.
ment’s grazing intensity decreases with distance from
home and_ is skewed tc_)ward that _s;ettle_ment’s water Study area and data collection
source (Figure 1c). It is easy to imagine an inter-
med.iate situat_ion, shown in Figurellb, where Use The Rukwa Valley
declines with distance from home but is not skewed to-
ward or away from water. Flat, linear-decreasing, and Data for this study were collected in the Rukwa Valley,
curvilinear-decreasing relationships between use andTanzania (Figure 2). The topography of the Rukwa
distance from home will all produce this type of pat- valley is mostly flat with some rolling hills reaching
tern (Figure 1b and c, center panels); the three curveselevations around 960 m. Annual precipitation ranges
shown differ only in the degree to which grazing is between 600-900 mm and is generally concentrated
concentrated around home. Finally, Western (1975) in a single wet season lasting from early December
reports that Maasai herders in the Amboseli basin in until early April. Vegetation is a mixture of seasonally
Kenya water cattle every second day and use areasflooded grasslands dominated Bghinochloa pyra-
in the opposite direction on non-watering days (Fig- midalis Themeda triandraand Sporobolus pyrami-
ure 1d). Intuitively, these models seem better suited dalis, and deciduous Miombo woodlands, dominated
to pastoral grazing, but their assumptions and utility by Brachystegia Julbernardiaand Acaciaspp. The
relative to conventional models remain untested. Rukwa Valley is also an area of high conservation

d distance from direction
home relative to h aﬂ'
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Figure 2. The location of the study area, Katavi National Park (KNP), Rukwa Game Reserve (RGR), and the 24 households included in the
study.

value. Home to Katavi National Park, Rukwa Game 1996) and the late part of the wet season (late March—
Reserve, and four contiguous Game Controlled Ar- May 1996). ‘Herd locations’ were recorded (in UTM
eas, the Valley supports dense aggregations of largecoordinates) five times per hour using a hand-held
herbivores including buffalo, hippopotamus, elephant, global positioning system (GPS) or by interpolating
giraffe and a full suite of plains game and carnivores between GPS points. Interpolation assumes that herds
(TWCM 1992, Caro 1999a). move between GPS points in straight lines and at a
This research was conducted among Sukuma constant pace, both reasonable assumptions given the
agropastoralists (Abrahams 1967), a Bantu speakingfrequency of records and the fact that when a herd’s
ethnic group who have settled in the Rukwa Valley pattern of movement changed additional GPS points
during the last 25 years. Originally from Shinyanga, were recorded. The number of herd locations per unit
Mwanza and Tabora Regions (to the north of Rukwa area reflects the amount of time a herd spent in that
Region), the Sukuma have spread to every other regionarea. Throughout the paper | refer to this measure as

in Tanzania (Galaty 1988). simply ‘grazing intensity.’
All herd locations were entered into a geographic
Methods: Data sources information system (Arcinfo, ESRI, 1997, henceforth:

. GIS) as textfiles and referenced according to their dis-
| constructed a sample of 24 Sukuma households (Fig- 5 e and compass bearing from home. I also recorded
ure 2). “Household" is defined here as an individual ¢50 herg [ocation's direction relative to that house-
herding unit (similar to Dahl and Hjort 1976). Cases |, dry season water source as a value between 0
where families cultivate separately but herd their ani- _ 4 180 degrees (directly toward and away from wa-
mals togeth(_er are tr_e:ilted asa sw;gle houslelhol(;i. ter, respectively). This allowed every herd location to

To quantify spatial patterns of pastoral land use | ¢ plotted on a standardized grid expressing its posi-
recorded the movements of cattle herds from the 24 4, 1ejative to that household's home and dry season
water source. This standardized coordinate system al-

focal households on 73 full-day herd follows. The pri-
mary (adult) cattle herd was followed from the time it lows all herd locations to be compared and analyzed
collectively.

was let out in the morning until it was brought home
Data from the relevant sub-section of a 1995 wet

in the evening. | followed each household’s herd once
during the dry season (September—December 1995),q0444 | ANDSAT thematic mapper (TM) satellite im-

the early part of the wet season (January—early March
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Figure 3. Herd locations observed during dry and wet seasons, plotted in real-world coordinates. Legend as in Figure 2.

age were spatially referenced in ENVI (Environment 1985a, 1985b). For each 250 m-grid cell in the study
for Visualizing Images, version 2.5 1996) and im- area, grazing intensity was calculated as the number of
ported into the GIS. Vegetation classes were identified herd locations per unit area. | tested for relationships
based on spectral characteristics and whether or notbetween grazing intensity and vegetation and land-
they occurred within a ‘cultivation mosaic,” an area scape characteristics using multiple regression (SPSS,
where cultivated and regenerating fallow fields dom- version 7.0, 1995). Individual vegetation classes were
inate the landscape. This mosaic is easily identifiable tested as categorical variables. | also tested percent
on the LANDSAT image. woody cover (derived from Pratt et al. 1966), proxim-

The distribution of all water in the study area was ity to the nearest settlement (1/distance to settlement)
digitized from a 1:50,000 topographic map. Water and distance to the nearest water as predictors of
points actually used by each household were recordedgrazing intensity (Table 1).

during herd follows. The locations of all cattle- Distance to water was not significantly associated
keeping households in the study area were recordedwith grazing intensity (Table 1). Of all vegetation
using the GPS. classes and percent woody cover, only the cultivated-

wooded-grassland class was significantly related to
grazing intensity (Table 1). Proximity to the near-

Analysis and model building est settlement was strongly associated with grazing
intensity.
| split the data set into two halves allocating 12 house- The unconstrained model examines grazing inten-

holds to each half. Herding records from the first sity in real-world coordinates only, so herd locations
12 households were used to derive the parametersare spread over the entire study area (Figure 3). This
for both the unconstrained and central-place models, meant that relatively few herd locations fell in any
and data from the other 12 households were used togiven cell, reducing the variation in grazing intensity.
test the models. To construct the unconstrained model Splitting the data set by season would have reduced
| used absolute landscape attributes (Table 1). Forthis variation even further, so a single model was
the central-place model | used only relative attributes developed for the whole year.
(Table 2).

Building the central-place models

Building the unconstrained model
The standardized coordinate system plots all herd

The unconstrained model is a regression model locations around a single hypothetical settlement, ef-
(Stafford Smith 1988) similar to Senft et al. (1983, fectively ‘stacking’ data from different households and
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Table 1. Landscape characteristics in the unconstrained model.

Characteristic or vegetation class  Source P value in unconstrained model
Settlement density GPS n.s.
Proximitry to nearest settlement GPS, GIS P < 0.0005
Distance to water topo map, GIS n.s.
Dense woodland LANDSAT TM  n.s.
Dense woodlant LANDSATTM n.s.

Open woodland LANDSATTM n.s.

Open woodlant LANDSATTM n.s.
Wooded grassland LANDSATTM  n.s.
Wooded grasslarid LANDSATTM P < 0.001
Percent woody cover LANDSATTM  n.s.

*Vegetation classes marked with an asterisk were inside the cultivation mosaic (see text for
details).

allowing them to be analyzed collectively. This is be- settlement simply uses the distance to whatever settle-
cause each herd location is expressed relative to thatment is closest to the herd at that moment. The results
herd’s home, and all settlement locations lie at the produced smoothed and unsmoothed models for each
origin in the standardized coordinate system. Recall season and for both seasons combined (Table 2).
that these are the same data used to build the un-  Proximity to home was the strongest predictor vari-
constrained model, so sample sizes are identical. Butable in the regressions. The direction of water also
because they are stacked, larger numbers of herd lo-influenced the distribution of grazing, as direction and
cations fall within each cell making it possible to split the interaction term were often both significant and in
the data set and still show a general pattern within each no case were they both non-significant (Table 2).
season. For this reason | was able to create central- | statistically analyzed the spatial pattern of graz-
place models for the wet and dry seasons and for bothing relative to water by comparing the numerical dis-
seasons combined. tribution of directions for standardized herd locations

For each cell in the standardized grid, | recorded (expressed in degrees from 0-180) with a uniform
distance and direction from the origin (home) and distribution using a Kolmogorov Smirnov Z statistic.
calculated grazing intensity as the number of herd lo- Note that a uniform distribution corresponds to the
cations in that cell. Assigning each cell the mean of null hypothesis that the spatial distribution of herd lo-
its own and the 8 adjacent cells’ values smoothed the cations (i.e., grazing) is random with respect to water,
grazing intensity data in order to minimize the effects whereas a departure from uniformity (i.e., a significant
of idiosyncrasies in landscape characteristics. For all K-S Z statistic) indicates that the spatial distribution of
central-place models | report both smoothed and un- grazing is skewed toward or away from water.
smoothed results and test all models with like data
(i.e., models created with smoothed data are tested on
smoothed data). Evaluating the models

Next, | used multiple regression to examine the re-
lationships between proximity to home (1/distance to Central-place models
home), direction from home (0 to 180and grazing
intensity. | also tested for an interaction between dis- The central-place approach reduces the real-world
tance and direction, which in biological terms, implies  distribution of herd locations (Figure 3) to the stan-
that the change in grazing intensity associated with dardized distribution (Figure 4). Visual comparison
distance from home depends on the direction traveled. (Figure 4) and statistical analysis of seasonal patterns
Note that proximity to home is not the same as proxim- Of grazing show that the spatial distribution of dry
ity to the nearest settlement used in the unconstrainedseason grazing intensity is skewed toward the dry sea-
model. The distinction lies in the fact that proximity Son water source (K-S Z 8.673, P < 0.0005),
to home is calculated using the distance from a herd’s and wet season grazing is skewed away from it (K-S
location to its own home. Proximity to the nearest Z=6.219,P < 0.0005).
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Table 2. Variables included in the central-place models separated by season and

technique.
Season Smoothing?  Variables Significancar2
(adj.r2)
1/distance P < 0.0005
0.842
smooth direction n.s.
(0.840)
interaction P < 0.0005
both seasons combined
1/distance P < 0.0005
0.841
unsmoothed  direction P < 0.0005
(0.839)
interaction P < 0.0005
1/distance P < 0.0005
0.826
smooth direction P < 0.0005
(0.823)
interaction P < 0.0005
dry
1/distance P < 0.0005
0.708
unsmoothed  direction P < 0.0005
(0.703)
interaction P < 0.0005
1/distance P < 0.0005
0.784
smooth direction n.s.
(0.781)
interaction P = 0.001
wet
1/distance P < 0.0005
0.798
unsmoothed  direction n.s.
(0.795)

interaction P < 0.0005

The central-place models were tested in both stan-  So that comparison with the unconstrained model
dardized and real world coordinates. In standardized would be valid, the central-place model tested in real-
coordinates, the central-place models derived from the world coordinates was not smoothed and was derived
first 12 households were good predictors of grazing from the whole year. Applying the central-place model
intensity around the second 12 households, Wth to actual settlement patterns and testing it in real-world
squared values ranging from 0.270 to 0.796 (Figure 5). coordinates, the model explained about 18 percent of
In all cases, smoothing the data increased the amountthe variation in grazing intensity (Figure 6a).
of variance explained by the model.
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4 wet season © dry season was widely available) they moved away from peren-
$ nial water to areas with more palatable forage. The
seasonal shift in Sukuma herding practices follows
this pattern, but because herds are tied to their home
settlements, the shift is less extreme. This similarity
is especially interesting considering that the Rukwa
Valley is much wetter than Ambosekd. 800vs. ca.
200 mm rainfall).

A central-place model of grazing intensity over
the whole year, highlights the spatial heterogeneity
of grazing intensity in pastoral systems (Figure 7).
Analyses of pastoral grazing and its ecological effects
may miss important spatial variation if this landscape-
scale heterogeneity is ignored (e.g., when stocking
rates are calculated for administrative units, Peden

meters from home x 1987). Heterogeneity is also important for ecosystem-
Figure 4. Dry (right) and wet (left) season herd locations plotted level analyses of pastoral systems (Coughenour et al.
usir;g the standglréiized coordine;ter ?yStZT'Tuhe %astorarzTﬁtﬂe”rl?ntlisw%, Ellis and Swift 1988). Ellis and Swift (1988)
e S r sesson e s ety sbove 1 e vt argue that temporal variabilty in cattle numbers can
vertical axis for visual comparison. lead to low proportions of net primary productivity
being consumed by livestock. The data presented here
) suggest that landscape-scale heterogeneity in grazing
Unconstrained model intensity may create spatial variability as well. Mc-
Cabe (1990) and Conant (1982) describe how social
and ecological factors can restrict the distribution of
grazing at regional scales. Heterogeneity at both land-
scape and regional scales may affect savanna biodiver-
sity by providing spatial refugia for species sensitive to
pastoral grazing, or by influencing the extent to which
pastoral landscapes insularize or connect protected
areas.

In the Sukuma system the distribution of grazing
is primarily driven by the locations of central places
(cattle-keeping settlements). This raises the question
of what dictates the location of settlements. Address-
ing similar questions, Western and Dunne (1979)
examined the settlement site decisions of Maasai pas-
toralists and Schoener (1983) and Covich (1976) pro-
vide theoretical predictions for the spacing of central
places. The Sukuma, however, cultivate in addition
What is the biological relevance of these models? The to raising cattle (Abrahams 1967, Brandstrom 1985)
central-place approach shows that of the models pre-and report that sufficient area and suitable soil for
sented (Figure 1), Spencer's (Figure 1c 1973) most Cultivation are the most important characteristics for
nearly approximates Sukuma dry-season herding. Thechoosing a site (Borgerhoff Mulder 1995 unpublished
wet season situation is a mirror image of Figure 1c, data). Thus, by dictating the spacing of central places,
with grazing intensity skewed away from dry season arable land and fallowing practices may be the ulti-
water. Interestingly, this reveals similarities between Mmate drivers of grazing intensity.
the Sukuma herding system and other savanna grazing Central-place models may be useful in other con-
systems. Western (1975) found that wild herbivores texts as well. The models built and tested here analyze
in the Amboseli ecosystem in Kenya stayed close to the Sukuma grazing system and predict the relative
dry season water, but with the first rains (when water distribution of grazing based on the amount of time
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Under the unconstrained model, distance to the near-
est settlement and one categorical vegetation variable
(wooded grassland in the cultivation mosaic) were sig-
nificantly associated with grazing intensity (Table 1).
This suggests that settlements can be relevant land-
scape features in predicting grazing intensity. The
significance of the categorical vegetation variable sug-
gests that more grazing happens within the wooded
grassland portion of the cultivation mosaic. The un-
constrained model explained about 15 percent of the
variance in grazing intensity (Figure 6b).

Discussion

Biological relevance
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Figure 5. Scatter plots showing the relationships between observed grazing intensity (vertical axes) and grazing intensity predicted by the
central-place models (horizontal axes) in standardized coordinates. Panels show smoothed (a, ¢ and e) and unsmoothed (b, d and f) central-place
models for both seasons combined (a and b), the dry season (c and d), and the wet season (e and f).

animals spend in different parts of the landscape. They also no reason why a central-place model cannot in-
provide only a snapshot of grazing intensity since they corporate a time dimension or disaggregate behaviors
have no time dimension. The metric used is simply the to explore a particular process in greater depth.
number of times herds are recorded per unit area. Pre-

sumably, this measure provides an aggregate measuré\nalytical and predictive utility

of impacts, including herbivory, trampling or nutri-

ent redistribution (e.g., Turner 1998b, 1998a). More A central-place analysis makes it possible to examine
Specific measures of impact (e_g_, Stocking density, herding da.yS from different settlements CO”eCtively.
grazing pressure or Stocking rmensuCOughenour Th|S iS important because during a Single day, herdeI’S
1991) would only require scaling these values so that Use only a portion of the area used over a longer
the overall mean for one settlement equals the numberpPeriod and patterns are difficult to recognize. How-
of animals kept (or tropical livestock units or kilo- ~€ver, over many days a general pattern becomes clear.
grams of biomass) divided by the area used. There is Figure 4 and the statistical analyses demonstrate that
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20 a o place, it is possible to analyze or model anisotropic
I = 0.176 distributions of resource use (similar to ‘expanded dis-
p < 00008 central-place tance decay’ parameters for gravity models, Eldridge

model and Jones 1991).

For this paper | have focused on characterizing
the Sukuma herding system as a whole rather than
examining variability within the system, but this is
not a prerequisite for a central-place analysis. Else-

ol b o where (Coppolillo 2000), | have used a_cen_tra!-place
70 | approach to analyze the factors affecting individual
gg ] ¥ = 0.156 unconstrained households’ herding practices and livestock productiv-
ol o o p<0.0005 model ity.

In terms of predictive power, the central-place
model was comparable to the unconstrained model in
predicting the spatial distribution of grazing intensity
in real-world coordinates (Figure 6). Using standard-

redict razi ized coordinates however, the central-p_lace model
P ed grazing performed far better than the unconstrained model

Figure 6. Relationships between observed grazing intensities (ver- \which can only be expressed in real-world coordinates
tical axes) and the predicted grazing intensities (horizontal axes) (Figure 5 a—¥s.Figure 6b)

from central-place (a) and unconstrained (b) models in real-world .
coordinates. There are however, some disadvantages to a

central-place approach. First, data collection may be

) more difficult, since itis necessary to know where each
the central-place approach can reveal relatively subtle .4 comes from. Thus it may be necessary to follow

differences in seasonal patterns of herding even after;,qiidual herds for entire herding days or foraging
splitting the data set; this is achieved by ‘stacking’ data trips, which could slow data collection. With hand-
from.multiple households (and hence, multiple days of held GPS units available for below US$ 100, it may
herding). . be possible to use multiple units and teach a number
Another advantage of the central-place approachis ot herders to record their own positions throughout
that it is highly generalizable. Virtually all pastoral- ¢ g4y This could facilitate data collection and allow

ists corral their animals at night and have to water aqioralists themselves to be involved in monitoring
them at least infrequently (Hill 1995), so data require- 4,4 assessment of environmental impacts (e.g., see

mgnts will not vary between different pastoral groups. | ewis 1995). A second disadvantage is that central-
This means that central-place models can provide @ yj5ce modeling in real-world coordinates requires that

framework for comparative studies of herding, evenin ¢, q1, settiement is selected and modeled independently
drastically different environments. This is in contrast ;.4 yajues from all settlements are summed to pro-

to regression models (Stafford Smith 1988) which are §,,ce the aggregate, landscape-scale distribution of
not comparable across sites (Bailey et al. 1996) or evengrazing. This process is considerably more cumber-

across seasons (Senft et al. 1985a). _ some than building an unconstrained model, which
The central-place approach is also flexible. The o5, e created in a single step. Finally, while vegeta-

standardized data presented here are not scaled; g, yreferences can be analyzed using a central-place

distances from the origin for standardized points are approach (see above) or modeled in real-world coor-

the same f"‘s the ‘?"Stanc? from home for the real—wo_rld dinates, vegetation types cannot be incorporated into a
herd locations. It is possible however, to scale the dis- ¢5qardized coordinate system.

tances so that the dry season water source lies at (1,0).  The unconstrained model demonstrated that dis-
This would standardize the data to an even greater de-5ncq to the nearest settiement was significantly as-
gree by eliminating the variance introduced by differ- g cjated with grazing intensity, suggesting that settle-

ences in households’ (_j|st.ance to water. Also, impacts ments are relevant landscape features when predicting
and use need not be distributed evenly around the Cen'grazing intensity even if herds’ home settlements are

tral place. By incorporating directionality and interac- o4 ijentified. The unconstrained approach did not
tion between distance and direction from the central resolve the effects of water availability on grazing:

observed grazing intensity

0 10 20 30
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Figure 7. The spatial distribution of grazing intensity over the entire year when a central-place model is applied to every cattle-keeping
settlement in the study area. Settlements are shown as tiny white dots. Roads are shown in black. KNP is shaded for consistency with Figures 2
and 3, but is not grazed by livestock.

distance to water was not significantly associated with preference values for each household by comparing
gazing intensity in the unconstrained analysis. The observed use to the availability of vegetation classes
importance of water is widely recognized in other around that household, rather than the whole study
grazing systems (Coppock et al. 1986, McCabe 1990, area, would help clarify this question.
Coughenour 1991, Homewood and Rodgers 1991, Overall, the central-place model provided ana-
Bailey et al. 1996), and the seasonal shifts revealed lytical insights not apparent using the unconstrained
by the central-place approach make it clear that wa- model and more effectively predicted the distribution
ter is important in the Sukuma herding system as of grazing intensity. Further, the more modest data re-
well (see also Coppolillo 2000). It appears that the quirements make seasonal comparisons and the use of
central-place constraint confounded the unconstrainedsmaller data sets possible and provide a framework for
model’s ability to resolve this effect. comparative studies of pastoral systems.

The unconstrained model was not informative in
clarifying the role of vegetation in influencing the When are central-place models appropriate?
distribution of grazing. Of six vegetation classes and
the Composite measure (percent Woody Cover)' 0n|y The importance of human dominated ecosystems and
wooded grassland within the cultivation mosaic was the human dimensions of conservation problems are
significantly associated with higher grazing intensities increasingly recognized in landscape ecology and con-
in the unconstrained model. This is an unsurprising Servation biology (see Forman 1995, Clayton et al.
result given that all the households in the study area 1997, Forman and Collinge 1997, Terman 1997,
fall within this vegetation type. The lack of association Zavala and Burkey 1997, Bignal 1998, Kremen et al.
with other vegetation characteristics is probably not 1998, Lawrence et al. 1998, Mcintyre and Hobbs
because herders do not discriminate between vegeta-1999). Spatial modeling can provide the essential link
tion types, but more likely because the central-place Petween the anthropogenic processes driving resource
constraint restricts their ability to do so. Calculating Use and resultant landscape-level changes. Spatial
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models have been used to point to specific areas whereof resource use, they help identify why extraction

anthropogenic impacts are most acute (e.g., Fox et al. systems take the forms that they do. This makes it

1996), to provide a foundation for decision making easier to recognize conditions under which resource

(Campbell and Hofer 1995), to evaluate alternative use may be destructive and helps identify what to do

management options (Ellis and Coughenour 1996) and about it. With the growing prevalence of conservation

to explore the long-term effects of heterogeneity in strategies engaging local people (Western et al. 1994,

resource use (Weber et al. 1998). Stevens 1997, Hackel 1999) it is increasingly imper-
The models presented here capture a critical ele- ative to monitor and understand human resource use

ment of pastoral land use: the need to start and end(Kremen et al. 1994, Brandon 1998). Clearly, central-

resource collection at a central place. This constraint place models can make a contribution to landscape

affects other kinds of resource use, particularly in rural ecology and conservation biology in applied as well

parts of the developing world where most resources as theoretical contexts.

are collected locally and on foot. Therefore, central-

place models may apply to many types of resources
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