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Introduction

My purpose in this article is to summarize, somewhat
provocatively, the different perspectives that exist on
‘the elephant problem’ —that is, how might elephants
and woodlands coexist? These perspectivesrangefrom
viewpoints focused narrowly on the damaging effects
of elephants on trees to broader considerations of the
conseguencesfor ecosystem processesand biodiversity.
Furthermore, | will highlight the pivotal importance of
spatial heterogeneity and the contribution of surface
water distribution to this heterogeneity, because | be-
lievethat inadequate recognition has been giventothis
aspect in the past. For more detailed information, and
complete referencing of information see Owen-Smith
(1988), Gillsonand Lindsay (2003), Skarpeet a. (2004)
and Owen-Smith et a. (in press).

Public perceptions

Tothepublicvisiting parksand to the managers of these
parks, elephants are vexing animals. They feed waste-
fully, breaking off branches to chew twig tips, strip-
ping bark from tree trunks, and pushing over whole
treesto sampleafew bitesfrom thetop branches some-
times perhaps just to show their strength. They leave
behind a trail of vegetation destruction: fallen trees,
standing woodlands debarked and dead, magnificent
trees like baobabs turned into a heap of sawdust,
shrublands where once there were woodlands, and

spreading grasslands where trees formerly grew. They
are blamed for having destroyed most of the lush ripar-
ian forest that once flanked the Chobe River, and for
transforming acaciatreesin the adjoining woodland to
standing skel etonsamid adepl eted shrubland dominated
by Capparis tomentosa, Combretum mossambicense
and Croton megal obotrys—species apparently unpal-
atable to elephants. Visitors to the park, tourist opera-
torsand many scientistsgenerally view these vegetation
changesasdisturbing and regrettable. Furthermore, they
are perceived asthreatening the surviva in the parks of
other animal species, notably the Chobe subspecies of
bushbuck.

A narrow ecological perspective

Asthey feed, elephants disturb the structural compo-
nents of vegetation: they fell trees, uproot shrubs and
pluck grass tufts whole. They depress or even elimi-
nate populations of vul nerabletree specieslike baobab
and marula. More broadly, they change the structure
of the habitat for other species promoting lesswoody,
more open conditions in savannas. By suppressing
growth into canopy height classes, they make the
woodland more shrubby to the detriment of birdsre-
quiring tall treesfor nesting, like certain vultures and
eagles. It hasbeen claimed that they competefor food
both with browsers like kudu and black rhinoceros,
and with grazers like buffalo.

Adapted from the proceedings of a conference organized by the Botswana—Norway Institutional Cooperation and
Capacity Building Project (BONIC), Vandewalle M, ed., Effects of fire, elephants and other herbivores on the Chobe

riverfront ecosystem, Government Printer, Gaborone, 2003.
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The concern of park managers is that a large
elephant population will ultimately reduce habitat and
species diversity, thus threatening the basic conserva
tion objectives for protected areas. Thiswas the justi-
fication for former culling programmes that capped
elephant numbers in Kruger Nationa Park in South
Africaand Hwange National Park in Zimbabwe.

Broader ecological perspectives

Elephants as megabrowsers

All browsers to some extent affect plants negatively.
Hares ringbark birch shrubs; steenbok, impalas and
even rodents destroy tree seedlings; and outbreaks of
defoliating insects like the spruce budworm can re-
sult in much tree mortality. The damagethat el ephants
causetoindividual plants, vegetation composition and
structure is merely on a larger and more persistent
scale, and thus more striking to human observers.

As expected from the niche theory, some degree
of dietary separation is apparent between elephants
and other browsers. Along the Chobe River front,
kudusand impalasfavour shrub speciesthat elephants
neglect. Thus some herbivores gain from the vegeta-
tion changes wrought by elephants, through comple-
mentary feeding habitats. Broader-scale habitat
changesalso benefit animal speciesfavouring the new
conditions, while other specieslose out; thusan over-
all change in species numbers need not resullt.

Elephants as predators on woody plants

By definition predators are agents of the mortality of
their prey. However, while individual animals or
plants are killed, adverse changes in the abundance
of the prey population need not result. Older indi-
viduals simply die sooner, opening opportunities for
increased recruitment to fill the gaps and resources
released. Nevertheless, there are circumstances in
which vulnerable species may be held in ‘predator
pits at greatly reduced density, or restricted to refuge
habitats. A source-sink popul ation structure may even
develop, asindicated for baobab treesin the northern
part of Kruger Park. Baobab stands on rocky hills,
which elephantsvisit infrequently, show awiderange
of sizes, while on the plains below there are isolated
largetrees but few saplings, suggesting that the plains
subpopulation is maintained largely by seeds dis-
persed from the hills. Predation almost inevitably re-

sults in changes in the composition of the prey as-
semblage, with speciesrobustly defended against pre-
dation increasing at the expense of those more
vulnerable to being killed.

Elephants as agents of disturbance

Elephants can beviewed asagentsof disturbancewithin
plant communitiesthrough opening gapsfor coloniza-
tion where trees have been felled. According to the
‘intermediate disturbance hypothesis’, through creat-
ing such opportunities overall species diversity is en-
hanced, provided the disturbances are not too frequent
or severe. Without disturbance, themost strongly com-
petitive species eventualy dominate the community.
The vacant space generated periodically by the agent
of disturbance enables pioneer species that are good
colonists but not good competitorsto coexist. Species
diversity may be reduced within patches most heavily
affected but over the landscape a mosaic diversity of
habitats and associated species assembl ages promotes
higher diversity overall.

This concept impliesthat if there were too many
elephants to the extent that their impact became per-
sistent and pervasive over the landscape, plant diver-
sity could be diminished due to the loss of species
unable to resist such impact. On the other hand, too
few elephants could also lead to lowered biodiversity
following the disappearance of the gap colonists.
Whereliesthe'intermediate’ abundance of elephants?
We do not know at this stage and the question is not
easily answered because diversity needsto be assessed
at avariety of scales.

Elephants as ecological engineers

Elephants are supreme engineersin the sensethat they
radically transform their environment to suit their
needs. In north temperate regions beavers are their
counterpart, felling small treesto build dams, thereby
flooding wetlands. Just as wildebeest cultivate graz-
ing lawns in the Serengeti and white rhinos do like-
wise in Hluhluwe-iMfolozi, the impact of elephants
feeding and breaking promote what might be called
‘browsing lawns'. This term can be applied to the
stands of small trees or shrubs 1-3 m tall—the ided
feeding height for elephants—that have developed on
the Chobe alluvium and in mopane woodlands.
Elephants prevent these plants from growing taller
and hence out of reach by periodically breaking the
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leader shoot. Pushing over big trees, each of which
may be replaced by severa shrubs, is not as sense-
lessasit may seem to narrow-sighted human observ-
ers. A parkland of widely spaced big treesispleasing
to humans but not productive for elephants. Other
browsers may benefit through more accessible foli-
age, although the el ephants may consume agood part
of it.

Elephants as promoters of nutrient cycling

Mineral nutrients taken up by plants from the soil
become locked in tree trunks and bark and thus are
no longer available to support further plant growth.
By pushing over trees, elephants help release these
nutrients for recycling, thereby promoting further
plant growth. The nitrogen held in elephant biomass
may even be protected from the leaching that would
otherwise take place in sandy soils, being released
periodically in dung and urine. Placeswhere elephants
concentratetheir effect thus become nutrient enriched
and may develop into hotspots for other herbivores.
These effects seem especially important in nutrient-
deficient, sandy-soil ecosystemswhere el ephants pre-
dominate in the herbivore biomass, like the Kalahari
Sand region of northern Botswanaand adjoining parts
of Zimbabwe and Zambia On the other hand, theloss
of large trees removes the nutrient pumping role that
these trees may have played, drawing mineral
elements from deeper soil layersto counteract ongo-
ing leaching of these nutrients from surface sands.

Dismal scenarios

What might the ultimate outcome of the effect of
elephants on woodlandsbe?What form might the eco-
system eventually take? Here are four possible sce-
narios that would have del eterious consequences for
biodiversity.

1. Elephants transform wooded savannas into open
grassy savannas, especially on clay soil substrates,
generally in association with fire. Thereafter the
elephants suppress woody plant regeneration and
speciesdiversity isreduced asaresult of thelack
of thetree component. An exampleisthe Rwindi—
Rutshuru Plainin Virunga National Park, eastern
Democratic Republic of Congo, which appeared
as awooded savannain 1935 but had become an
open grassland by 1959 (Bourliere 1965).
Elephants al so suppressed tree regeneration in the

grasslands of the Masai Mara Reserve, athough
fire was implicated as the primary agent trans-
forming the formerly wooded savannainto grass-
land (Dublin et a. 1990).

2. Elephantstransform structurally mixed woodlands
into monotonous shrublands, especially on sandy
soil substrates. The elephants thrive but other or-
ganismsdependent on tall treeslose out, and struc-
tural diversity in the habitat is reduced. Tree
populations may ultimately suffer from lack of
seed inputs. Thisisthe situation seen on the allu-
vial terrace adjoining the Chobe River and in
mopane woodlands in some aress.

3. Elephantsextirpate populationsof vulnerabletree
species like baobab, marula and various Acacia
species, or at least restrict these at greatly reduced
abundance levelsin habitat refuges. Baobab trees
have mostly disappeared from Tsavo East in
Kenya and Gona-Re-Zhou in Zimbabwe. Never-
theless specimens of vulnerable specieslike Aca-
cianigrescens still persist along the Chobe River
front, apparently resisting extirpation through their
prickly defences. The woodland remains but be-
comes dominated by species not favoured by
elephants.

4. Rather than attaining any stable state, elephant
populations and woodlands cycle persistently,
alternating between high and low abundance. This
isCaughley’s (1976) limit cycle concept, derived
from observations made in mopane woodlandsin
Luangwa Valley. It may be expressed as a shift-
ing patch mosaic across the landscape, with
elephants abandoning places where the woody
species they favour have become too sparse and
moving into areas where plant populations have
had time to recover, over time scales of centuries.
With wide-scale movements by elephants now
largely restricted by fencing and human settle-
ments, the extreme swings could become wors-
ened and prolonged with consequent losses of
animal and plant species.

More optimistic scenarios

Recognizing the temporally highly variable environ-
ments that characterize much of Africa, it seems un-
likely that any stable state would persist, not even the
dynamic stability of alimit cycle. Instead popul ations
of animals and plants must continually adjust to
changing circumstances: seasonally, between wet and
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dry years, decades of above- and bel ow-averagerain-
fall, and to climatic shifts taking place over longer
periods. Thisperspectiveof hierarchical patch dynam-
icsisconsistent with the vegetation changesreveal ed
by fossil pollen records (Gillson 2004), and with ob-
servations of vegetation changes documented in
Hwange over the past 30 years(Valeix et al. in press).

The fundamental contribution of spatial hetero-
geneity towards dampening the consequences of tem-
poral variability for consumer—resource interactions
is becoming widely recognized (lllius and O’ Connor
2000; Owen-Smith 2002a,b). A crucial component of
such heterogeneity in African savanna ecosystemsis
the restricted distribution of perennia surface water
(Owen-Smith 1996).

With surface water restricted largely to rivers by
the late dry season, riparian trees growing alongside
theseriversincur the brunt of elephant impact. How-
ever, these species must al so copewith periodic floods
and hence should thus have the regenerative capacity
to resist or counteract elephant-inflicted damage, for
example by deep rooting. During the wet season when
elephants can spread more widely across the land-
scapes, regenerative stages have the opportunity to
recover. Variation in the persistence of ephemeral
poolsbetween yearsa so affectsthe period over which
elephants concentrate near rivers, providing further
windows of opportunity for regeneration. Climatic
variability could additionally enable the episodic es-
tablishment of dense cohorts of seedlings, providing
‘herd’ security against predation by elephants and
other browsers.

Furthermore, elephantsincur the stresses of daily
movement between surface water and foraging areas
several kilometresaway wherefood resourcesareless
severely depleted. Thedoublinginbirthintervalsand
severe retardation of age at first reproduction docu-
mented in Uganda at Murchison Falls and in Kenya
at Tsavo East (Laws and Parker 1968) occurred only
after elephants had devastated woodlands and become
severely stressed nutritionally asaresult. With water
restricted, young calves would suffer in particular
from the cost of travel to and from water, and be sus-
ceptible to heightened mortality as a result. The
crowding of elephants near water also increases the
vulnerability of young elephants to predation by li-
ons, as recorded in northern Botswana and Hwange
(Joubert 2006). In combination, these changes could
reduce to zero the annual 5-6% rate of increase now
shown by many elephant populations. When therains

come elephants could spread widely across regions
where food resources remain plentiful, so that the
period of intense stress would be brief. Furthermore,
with food abundant in these upland regions the pres-
sure on tree species growing there would be reduced.

Conclusions

Narrow viewpoints emphasizing the necessity for
population culling to restrict the severe effect that
elephants can have on woodlands need not be appli-
cable where ecosystems retain sufficient spatial het-
erogeneity. The problem is that managers have
frequently intervened in ways that reduce this het-
erogeneity, for example by augmenting natural sur-
face water with dams and boreholes. Furthermore,
protected areas represent a circumscribed remnant of
the range over which elephants moved in the past to
exploit this heterogeneity.

Someintervention may be needed to restore or rep-
licate the functional heterogeneity that may formerly
have been effective within these areas. Where exces-
sive artificial water points have been provided, asin
Kruger, most should be closed. In Botswana where
perennia water isrestricted mostly to afew rivers, the
temptation needs to be resisted to add boreholes to
spread elephant impact. In Hwange, where available
surfacewater islimited amost entirely to pumped pans,
the distribution of these water sources needsto bere-
stricted so as to concentrate the elephants while still
providing sufficient access to water for other species
(Chamaille-Jammes et a. in press). Such measures
could be effective in dampening the extent of thefluc-
tuations in the abundance of elephants and trees,
thereby reducing therisk of specieslosses. Thecrucid
question is, how large must the area be for these proc-
esses to operate unaided? To answer this, more infor-
mation is needed on the factors governing elephant
movementsunder different conditions, and on the proc-
esses governing the regeneration of savanna trees. It
must be acknowledged that additional interventions
may be needed in smaller protected areasto safeguard
biodiversity objectives.
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