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Coexistence between People and Elephants in
African Savannas
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Abstract: The decline in the range and numbers of elephants as a result of expanding buman activity in Af-
rica is recognized as one of the continent’s more serious conservation problems. Understanding the relation-
ship between buman settlement patterns and elephant abundance is fundamental to predicting the viability
of elephant populations. The prevailing model of buman-elepbant interaction predicts a negative linear rela-
tionship between rising buman density and declining elepbant density at a coarse (national or subcontinen-
tal) scale. Using observed elepbant densities and buman population data, we tested this prediction in a study
area of 15,000 km?’ in northwestern Zimbabwe. The results did not fit a linear model. Elepbant and buman
coexistence occurs at various levels of buman density, up to a threshold of buman density beyond which ele-
Dhant populations disappear. This threshold seems to be related to a particular stage in the process of agricul-
turally transformed land becoming spatially dominant over the natural woodland that constitutes elepbant
babitat. Within the contexts of conservation and sustainable development in African savannas, investigating
spatial relationships between elephant and buman abundance should be a priority topic for future research.

Coexistencia entre Humanos y Elefantes en Sabanas Africanas

Resumen: La declinacion del rango y niimero de elefantes como resultado de la expansion de actividades
bumanas en Africa ba sido reconocido como uno de los problemas de conservacion mas serios del conti-
nente. El entendimiento de las relaciones entre los patrones de asentamientos bumanos y la abundancia de
elefantes es fundamental para predecir la viabilidad de poblaciones de elefantes. El modelo prevalente de in-
teraccion entre bumanos y elefantes predice una relacion lineal negativa entre el crecimiento de la densidad
bumana y la disminucion de la densidad de elefantes a una escala burda (nacional o subcontinental). Eval-
uamos esta prediccion en un drea de estudio de 15,000 km? en el norte de Zimbabwe utilizando densidades
observadas de elefantes y datos de poblaciones bumanas. Los resultados no se ajustan a un modelo lineal, la
coexistencia de elefantes y humanos ocurre a varios niveles de densidad bumana basta un limite después del
cual las poblaciones de elefantes desaparecen. Estos limites parecen estar relacionados con un particular es-
tado en el proceso de transformacion de tierras agriculturales convirtiéndose en espacialmente dominantes
sobre las zonas forestales que constituyen el bdbitat de los elefantes. Dentro del contexto de la conservacion y
desarrollo sustentable en las sabanas africanas, la investigacion de relaciones espaciales entre abundancia
de elefantes y humanos deberd tener prioridad en investigaciones a futuro.

Introduction

The distribution and abundance of African elephants
(Loxodonta africana) is inextricably linked to that of

*email rboare@mango.zw
Paper submitted January 27, 1998; revised manuscript accepted
September 2, 1998.

humans (Hanks 1979; Parker 1983; Parker & Graham
19894,1989b; Barnes et al. 1991; Said et al. 1995), and
anthropogenic effects on this keystone species (Owen-
Smith 1988; Western 1989; Milner-Gulland & Bedding-
ton 1993) are considered a serious conservation prob-
lem in Africa (Dublin 1994; World Wildlife Fund 1997).
Few attempts have been forthcoming, however, to pro-
duce a model by which the interaction between people
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and elephants may be interpreted in terms of the pre-
dicted viability of an elephant population.

The only prevailing model of interaction between ele-
phants and humans (Parker & Graham 19894,19896)
proposes that elephant distribution is the inverse of hu-
man distribution and that elephant abundance is de-
pendent upon human abundance, based on relative
densities at a national or subcontinental scale. Mathe-
matically, this is represented by a linear regression
model whereby elephant density declines linearly as a
function of the natural logarithm of human density.
Parker and Graham (19894,1989b) give two examples of
this inverse relationship: one from fertile soil areas of
Kenya and the other from more arid, less fertile areas in
Zimbabwe. The nature of this linear model implies that
elephant density can be roughly predicted from the den-
sity of coexisting humans within the range of 0-20 people/
km?. The linear model has considerable support in the
literature (e.g., Eltringham 1990; Newmark et al. 1994)
and has even been proposed as applicable to the decline
of other African large mammal species (Happold 1995).

Although we accept that the distribution of data points
relating African elephant density to human density, such
as that presented by Parker and Graham, suggests a nega-
tive linear relationship at a coarse (national or subconti-
nental) scale, we report on an investigation into the inter-
action between elephants and humans at a finer scale,
which is more relevant to the practicalities of manage-
ment planning. We also explore whether increasing hu-
man density is in itself causing elephant density to de-
crease or whether human density is an indicator of some
other anthropogenic agent affecting elephant density.

Study Area

The Sebungwe region of northwest Zimbabwe forms
some 15,200 km? of the Zambezi river basin immediately
to the south of Lake Kariba. The mean elevation is 700-
800 m, with generally undulating topography. The cli-
mate is semiarid (inean annual rainfall 680-750 mm/year),
characterized by a single wet season from November to
March and a long dry season from April to October. The
natural land cover is deciduous woodland savanna domi-
nated by Colophospermum mopane (mopane) and
Brachystegia-Julbernadia spp. (miombo) vegetation in-
terspersed with abundant riparian fringes on the extensive
northward drainage and with occasional small, dense thick-
ets (Anderson et al. 1993).

Land tenure consists of protected areas for wildlife
and communal lands with varying degrees of human set-
tlement (Fig. 1). Protected areas are national parks and
safari areas in which the settlement of people is prohib-
ited; they form three large but separate blocks and are
under the control of the wildlife authorities of the cen-
tral government. Communal lands are areas where peo-
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ple and some wildlife are both resident and have to co-
exist. Immigration of people into the communal lands
for subsistence agriculture has caused continuous loss of
elephant range for 45 years (Cumming & Lynam 1997).
Immigration has accelerated since eradication of the
tsetse fly (Glossina spp.) in the mid 1980s. Communal
land areas fall into the three administrative districts of
Binga, Gokwe, and Kariba, which since 1990 have each
had authority to manage their own wildlife. Districts are
further subdivided administratively into wards, which
vary from approximately 150 km? to 700 km?. Some wild-
life management functions of the districts are being de-
volved to ward level. This region thus encapsulates many
of the factors acting simultaneously upon rural African
people and elephants: a land-use mosaic in which human
expansijon has been continuous and where the full spec-
trum of wildlife conservation—traditional (Cumming
1981) to contemporary (Taylor 1993)—is represented.

We selected three Sebungwe districts for analysis be-
cause human and elephant census data from these dis-
tricts were used by Parker and Graham (1989a,1989b)
to derive their linear model. Also, we selected these ar-
eas because they (1) are distributed across the same eco-
system; (2) are together occupied by one elephant popu-
lation (estimated at 11,900 animals; Department of
National Parks and Wildlife Management 1996) isolated
from other populations, eliminating possibilities for im-
migration and emigration; (3) are relatively unaffected
by elephant poaching (Cunliffe 1994); and (4) are dis-
tributed across a region in which the overall elephant
population size has remained relatively stable over the
past 15 years (Hoare 1997).

Census Data and Methods

Before we examined the predictions of the linear model
for our case study, we took into account that there are sev-
eral problems with the data used by Parker and Graham
(19894,1989b) in the original development of their hu-
man-elephant density relationship for this part of Zim-
babwe. They used relative densities of elephants instead of
absolute (observed) densities to derive the relationship,
and they defined relative densities as “observed densities
relative to the potential density estimated for rainfall con-
ditions.” They estimated potential elephant densities in
Zimbabwe from a relationship between rainfall and ele-
phant population density in Kenya. Kenyan elephant pop-
ulations are, however, subject to very different environ-
mental conditions from those in Zimbabwe; many had
suffered drastic pre-1989 declines (Douglas-Hamilton
1987; Ottichilo et al. 1987) and they have exhibited cer-
tain genetic distinctions from Zimbabwe populations
(Georgiadis et al. 1994). Their data for the elephant-human
density regression in Zimbabwe come from seven dis-
tricts, three of which were never surveyed conventionally
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D Protected areas
. Human settlement

——— Ward boundaries
. 1993 elephant survey sightings

Source: WWF Programme Office, Harare

Figure 1. The relative distribution of buman settlement and elepbhants in the Sebungwe region, Zimbabwe, 1993
(reproduced from Cumming & Lynam [1997] with permission from World Wide Fund for Nature, Programme Of-

fice, Harare).

(two of them because they exhibited only occasional and
restricted elephant occupancy), and one of which was a
national park with zero human density. Their three re-
maining data points are districts in the Sebungwe region,
which also comprise our study area. In Sebungwe, crude
estimates of elephant density have been obtained by aerial
census with standard methodology (Norton-Griffiths 1978;
Mbugua 1996) for nearly 20 consecutive years (Depart-
ment of National Parks and Wildlife Management 1996).
Our study area consisted of 25 census units (commu-
nal land wards) in the unprotected range of the Se-
bungwe region’s elephant population (Fig. 1). At this
scale, where rainfall and environmental conditions are
similar across all census units, the potential elephant
density (Parker & Graham 1989a) can be regarded as ef-
fectively constant. Thus, with one discrete elephant
population distributed across these census units, the ef-
fect of human density on absolute elephant density can
be detected and interpreted more reliably than with
Parker and Graham’s index of relative elephant density.

Elephant densities for census units were obtained
from the region’s annual aerial census (Department of
National Parks and Wildlife Management 1996). An arith-
metic mean of crude elephant density for 3 consecutive
years of census (1993,1994,1995) was assigned to each
survey stratum. Census unit (ward) boundaries (Fig. 1)
were overlaid onto aerial census strata by means of a
geographic information system (GIS; Atlas Draw, version
2.1; Strategic Mapping Inc.). The GIS converted ele-
phant densities in the survey strata to elephant densities
in the wards. Human densities for wards were extracted
from the most recent national census (Government of
Zimbabwe 1992).

Human settlement distribution in each ward was ob-
tained from an aerial photography series (1:25,000
scale) taken in 1993. Human settlement was defined as
transformed land cover indicating fields or villages and
was scored visually on the photographs by means of a
grid overlay with a resolution of 0.25 km?. These data
were digitized into the same GIS (Fig. 1), which then
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provided us with the total area transformed by settle-
ment in each ward. This was expressed as a percentage
of the total ward area and was called “settlement cover-
age” of each ward. Settlement coverage was then re-
gressed against human density within wards. The area
transformed by settlement in each ward was also sub-
tracted from the total area of the ward to give the un-
transformed area of each ward (i.e., the area available as
elephant habitat). We used these area figures to convert
crude estimates of elephant density derived from the ele-
phant census data to ecological densities in each ward.
Ecological density is the number of elephants estimated
to occur in each ward divided by the area of untrans-
formed habitat actually available to elephants in each
ward.

Results

Although crude densities of elephants and humans in
the Sebungwe region were inversely related in broad
terms (Fig. 2), the scatter of data points for elephant
density and the natural logarithm of human density did
not meaningfully fit a linear model. A statistically signifi-
cant regression line (p < 0.001) can be drawn through
the data, but the equation accounts for less than half of
the variation (2 = 0.41) that was accounted for by
Parker and Graham’s regression (r2 = 0.98) for the same
variables in the same region but measured at a coarser
scale. The pattern we found shows that elephant density
is unrelated to human density until a threshold of human
density is reached about 15.6 persons/km? (log, 15.6 =
2.75; Figs. 2 & 3). After this threshold, resident ele-
phants effectively disappear. In Kariba, elephant densi-
ties were near the mean for the Sebungwe’s protected
areas (1.15 elephants/kmz) and human densities were all
below the threshold level. In Binga, elephant densities
were lower and human densities were distributed across
the threshold. In Gokwe, elephant densities were low or
absent (with one exception, on the boundary with
Kariba) and human densities were at or above the
threshold. Agricultural transformation of land cover over
the last 15 years has correspondingly been relatively re-
stricted in Kariba, moderate in Binga, and widespread in
Gokwe (Cumming & Lynam 1997).

The dominant feature of the Sebungwe data set is two
markedly different states of elephant density separated by
a threshold of human density. This is a significant depar-
ture from what the linear model predicts, although there
are two features of Parker and Graham’s (1989«,1989b)
results that do conform with ours (Fig. 2). First, the rank-
ing of the three districts (Kariba, Binga, and Gokwe) by el-
ephant density was the same in both data sets. Second,
the threshold of human density associated with the disap-
pearance of elephants in the Sebungwe region (15.6 per-
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Figure 2. The relationship between observed (crude)
elepbant density and buman density for 25 wildlife
wards in the Sebungwe region, Zimbabwe. The “linear
model” (y = — 0.268x + 0.727; v = — 0.99; Parker &
Grabam 1989a) is superimposed.

sons/km?) is not much different from the extinction point
predicted by the linear model (18.9 pcrsons/kmz).

The conversion of estimates of crude elephant density
into ecological density does not alter the shape of the el-
ephant-human density plot (Fig. 3), although, as ex-
pected, the mean ecological density (0.68 elephants/
km?) is significantly higher than the mean crude density
(0.46 elephants/km?) (Wilcoxon matched-pairs signed-
rank test: 7' = 3.82; p = 0.001). Of particular interest is
the finding that as soon as the overall (crude) density of
humans in a ward exceeds the threshold, the ecological
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Figure 3. The observed relative abundance of ele-
Dphants and bumans in 25 communal land wards of
the Sebungwe region, Zimbabwe. Vertical pairs of
Dpoints for each ward are crude density for the total
ward area derived from aerial census (solid circles)
and ecological density calculated by excluding the
area of buman settlement (open circles).
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density of elephants drops. This means that elephants
disappear even from the remaining patches of untrans-
formed habitat and do not become compressed within
them once the areas of these patches is reduced to be-
low a critical level.

In the Sebungwe region of Zimbabwe, therefore, the
extinction point for elephants appears to relate to a hu-
man density of around 15-20 persons/km? which im-
plies a level of land-cover transformation at the ward
scale of 40-50% (Figs. 3 & 4), or the loss of about half
the available habitat and fragmentation of the remainder.

Discussion

The distribution of elephants in the Sebungwe region (at
the district scale) was mutually exclusive of the distribu-
tion of humans, which conforms with the findings of
Parker and Graham’s investigation at a broader (na-
tional) scale. At this finer scale these distributions did,
however, interdigitate much more closely than is im-
plied by Parker and Graham’s model, based on the rela-
tive configurations of agriculturally transformed land
cover around human settlements and untransformed nat-
ural woodland available to elephants.

Where our findings differ significantly from the pre-
dictions of the generally accepted linear model of ele-
phant-human interaction is in the way in which local ele-
phant densities decline in the face of increasing human
pressure. Our analysis of the Sebungwe human-elephant
interaction suggests the existence of a threshold phe-
nomenon when census data are examined at the district-
level scale, which is the scale at which conservation and
management plans are implemented. Elephant density
(whether measured in crude or ecological terms) does
not decline consistently across a gradient of increasing
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Figure 4. The relationship between the area trans-
Jformed by buman settlement in each Sebungwe wild-
life ward and crude elepbant density in the ward.
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human density and should not be modeled by any linear
function, even though the two variables may be corre-
lated over a broad spatial scale. We argue that it is more
meaningful to examine the response surface described
by the outermost data points in the scatterplot of human
and elephant densities than it is to examine a regression
line through the cloud of data points. Where human den-
sity is low, elephant density may vary widely (Fig. 2) de-
pending on natural habitat conditions, and it is meaning-
less to try to account for this variation in terms of human
effects. Where human density is high and elephant habitat
loss is consequently significant, variation in elephant den-
sity is low because only low densities are possible.

Our hypothesis is that the transition between these two
states occurs when a threshold of human density is
reached. This threshold is associated with a critical bal-
ance between the spatial extent of agriculturally trans-
formed land cover and of natural elephant habitat remain-
ing on the landscape. The nature of the sharp decline in
elephant density once the human density threshold has
been exceeded suggests that the decline is caused by ele-
phants moving away to less disturbed habitats, as op-
posed to dying in situ. The threshold effect is self-reinforc-
ing by virtue of the differences in elephant density
between those census units from which elephants are
leaving and those into which they are compressing. Our
data, derived from 25 census units distributed across
three districts, include all stages in the encroachment of
agriculture on elephant habitats and the responses of ele-
phants to this encroachment 15 years after tsetse flies
were eradicated in the Sebungwe region.

Human effects on woodland habitat in African savan-
nas can be measured by the areas transformed by agri-
culture and settlement, data which were available in our
study. Crude densities of elephants did not, however,
correlate closely with proportions of area transformed as
measured across census units (Fig. 4). This is not unex-
pected because our data show that the relationship be-
tween human and elephant densities is nonlinear and
that human impacts on habitats covary with human den-
sity (Hoare 1997). Furthermore, the spatial arrangement
of human settlement and cultivation relative to untrans-
formed elephant habitat is probably more relevant to the
ability of elephants to coexist with humans than are the
gross areas of transformed and untransformed land
within any census unit. In Gokwe district, for example,
overall human density approached the threshold, yet
one ward in that district had elephant densities as high
as 0.9 elephants/km?. Elephant populations should per-
sist in areas where human settlement occurs within a
matrix of untransformed elephant habitat, but when the
total area of transformed land exceeds a critical point,
the system flips into a new state in which patches of ele-
phant habitat now occur within a matrix of human set-
tlement. The size and connectivity of the remaining
patches of elephant habitat are then the determinants of
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whether or not elephants remain as residents or move
away. Investigating spatial relationships between ele-
phant and human abundance should be a priority for fu-
ture research.

We agree with the widely held perception that Af-
rica’s elephant distribution will always be vulnerable to
expanding agriculture. But the abundance levels of hu-
mans and elephants are dictated in different ecosystems
by different environmental conditions (Parker 1983) and
different temporal stages of coexistence. We thus postu-
late that the response surfaces on human-elephant den-
sity plots for different African savanna ecosystems will
be characterized by different values for the maximum el-
ephant density (y-axis) and for the human density
threshold (x-axis), but that overall they will display the
same form. The linear model can probably be expected
to prevail for analyses over a coarse (e.g., subcontinental
or national) spatial scale that encompasses many differ-
ent ecosystems, each of which may be at a different
stage in the human-elephant interaction. Although we
propose our threshold hypothesis for the savanna com-
ponent of the African elephant’s range (inhabited by
Loxodonta africana africana), we are cautious about
extrapolating it to the forest component where the eco-
logical requirements of the forest elephant (Loxodonta
africana cyclotis) and the patterns of human land use
are different.

The development of the linear model was justifiable
from the data available at the time, and it succeeded in il-
lustrating that habitat loss constituted a more serious
long-term threat to the African elephant than did the
much-debated trade in ivory. But researchers have made
inappropriate use of the linear model. For example, Hap-
pold (1995) proposed that elephants are a sensitive “ba-
rometer” for measuring human-mammal interactions and
states that if equivalent density data were available for
other mammal species, these would also exhibit a nega-
tive linear trend. There is no basis for making such an
extrapolation given the deficiencies we have demon-
strated upon reexamination of the relative abundance of
humans and elephants in our study area. Literature sup-
porting the linear model (Eltringham 1990; Newmark et
al. 1994; Happold 1995) is thus confounded by the issue
of spatial scale, which needs to be clearly defined.

Our threshold hypothesis about human-elephant inter-
action implies that land clearing by a burgeoning rural
human population could result in a more precipitous
and less reversible local decline in elephant density than
may have been assumed previously from the linear
model. If our hypothesis is supported by data from other
regions, then the crucial issue for development and con-
servation planning in unprotected areas within the
range of the African elephant is the identification of the
human density level that represents the threshold of hu-
man-elephant coexistence. This could be determined for
any particular ecosystem by the analysis (retrospectively
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for some areas) of district-level human and elephant cen-
sus data in regions where elephants still (or did) coexist
with humans. With this information it should then be
possible to predict when the threshold will be reached
in areas where human settlement is expanding (areas
from which tsetse flies are being eradicated). Rural plan-
ners, community institutions, and conservation agencies
would then have a clear guideline to assist them in as-
sessing the sustainability of community-based natural re-
source management projects that incorporate the utiliza-
tion of elephant populations.
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