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Retrospective assessment of long-term conservation management of
elephants in Addo Elephant National Park, South Africa

Anna M. Whitehouse and Graham I. H. Kerley

Abstract The elephant population of South Africa’s Subsequently, there was a significant decrease in mortality

(from 5.0% to 1.2%) and an increase in population growthAddo Elephant National Park increased in number from

11 elephants when the park was created in 1931, to 284 (from 3.2% to 6.1%). However, evidence suggests that

confinement might have had a negative impact on survivalelephants in 1998. We studied management records

throughout this period in conjunction with demographic and social behaviour of adult males. We suggest that the

concepts of social carrying capacities and behaviouraldata, enabling retrospective assessment of the long-term

impacts of management actions. Problem animal control conservation of populations need to be incorporated into

management. The case studies described here highlightduring the 1930s left no sexually mature bulls in the

population for a period of 9 years, hindering the popu- the importance of treating conservation management

and research as necessary partners, and monitoringlation’s initial recovery. Population growth prior to 1954

was also limited by high mortality: between 1931 and should be an integral part of any management plan.

1954 inadequate fencing allowed elephants to stray out-

side their protected area resulting in elephants being Keywords Addo, carrying capacity, conservation

management, elephant, population, South Africa.shot by farmers or dying from collisions with trains.

Secure elephant-proof fencing was constructed in 1954.

a population will react to management intervention.
Introduction

This may lead to inappropriate and futile management

decisions. For example, current methods of dealing withConservation managers are constantly faced with decisions

on how best to manage the species and populations human-elephant conflicts usually involve removal of

‘problem elephants’. However, evidence now suggestsunder their care. However, since natural ecosystems

are complex (Bell, 1983), management decisions must that populations may have a ‘problem component’, and

as individuals responsible for conflicts are removed,inevitably be based on a series of assumptions, given

the best available knowledge. As a result, the conse- others take their place (Hoare, 2001).

African elephants are long lived, and so the reper-quences of management intervention, particularly in the

long-term, are often unknown. It is therefore imperative cussions of management actions on an elephant popu-

lation may not be apparent for a decade or longer.that wildlife conservation should combine management

with research under a system of adaptive management For example, approximately 10 years after the intro-

duction of juvenile orphan elephants into South Africa’s(Dublin & Taylor, 1996), so that lessons are learned from

choices made today, enabling tomorrow’s managers to Pilanesberg National Park, these elephants began killing

white rhinoceros Ceratotherium simum (Slotow et al., 2000).make more informed decisions (Macnab, 1983).

Despite the fact that African elephants Loxodonta africana With hindsight, it is apparent that this resulted from

the elephants growing up in the absence of a normalare relatively well studied in comparison to many other

species, we still cannot claim to be able to fully under- social structure and without adult supervision and

discipline (Garai, 1997; Slotow et al., 2000). Consequently,stand them and cannot always accurately predict how

it is now recommended that elephants should only

be translocated as intact family units (Garai, 1997).Anna M. Whitehouse1 (Corresponding author) and Graham I. H. Kerley

Terrestrial Ecology Research Unit, Department of Zoology, University of In order to assess the impacts of applied management
Port Elizabeth, PO Box 1600, Port Elizabeth, 6000, South Africa. on an elephant population, long-term data are required.

Important lessons can be learnt with hindsight, and so the1Present address: Addo Elephant National Park, PO Box 52, Addo 6105,

South Africa. E-mail: awhitehouse@ifaw.org consequences of past management practices should be

examined wherever possible to increase our understandingReceived 11 June 2001. Revision requested 24 October 2001.

Accepted 27 February 2002. and avoid repetition of past mistakes (Waithaka, 1997).
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In this paper we make a retrospective assessment of followed, during which population size decreased to 18.

The first male calves born in the early 1930s reachedthe conservation management of the elephant popu-

lation within Addo Elephant National Park (AENP), sexual maturity in 1946, and recruitment resumed in

1948 (elephant gestation period is 22 months).South Africa. AENP (33°30∞ S, 25°45∞ E), situated c. 60 km

north-east of Port Elizabeth in the Eastern Cape Province,

was established in 1931 to preserve the last remaining

elephants in the region. Although elephants in this area
Lack of a secure boundary fence, 1931–1954

were relatively abundant in the early 1900s (Hall-Martin,

1992), conflicts with farmers resulted in an attempt Between 1931 and 1954 AENP was not surrounded by

a secure boundary fence (Pringle, 1948; Pringle, 1973).to exterminate the entire population (HoCman, 1993).

However, this operation was aborted prior to completion Elephants frequently broke out of their protected area,

and this resulted in many deaths. Seven mature elephants(HoCman, 1993), and 11 elephants survived to form

AENP’s founder population (Whitehouse & Hall-Martin, and two calves were shot by farmers in retaliation for

the damage they caused whilst on the farmers’ land,2000).

The history of the Addo elephant population between and two elephants were involved in fatal collisions with

trains whilst outside the park.1931 and 1998 has been reconstructed by tracing

individual elephant life histories throughout this period An elephant-proof fence was constructed in 1954, and

comparison of growth and mortality rates before and(Whitehouse & Hall-Martin, 2000). The resulting long-

term data-set includes dates of birth and death of every after completion of this fence enables assessment of

the impact of inadequate fencing on the population.elephant in the population since the establishment of

the park, annual population sizes, and maternal family Population mortality prior to the fencing of the park is

significantly higher than mortality after 1954, when thetrees from 1931 to 1998. These demographic data are

studied in conjunction with records of the management elephants were securely confined (Fig. 1; 1931–1953 mean

mortality=5.0%, SD=6.2; 1954–1998 mean mortality=of the population, obtained from the unpublished archives

of the South African National Parks, throughout the 1.2%, SD=1.4; Mann-Whitney U=0.00, P=0.003). In

addition, the population’s annual growth rate prior tohistory of the park. Three management case studies are

described, and the impacts of problem animal control the fencing of the park is significantly lower than the

observed annual growth rate after the completion of theand the fencing of the area are evaluated.

elephant-proof fence (1931–1953 annual growth rate=
3.2%, SD=11.1; 1954–1998 annual growth rate=6.1%,

SD=3.7; Mann-Whitney U=340.5, P=0.029).

Management case studies

Confinement of the population, 1954–1998Problem animal control

On two occasions during 1932 an adult bull destroyed The original elephant-proof fence, completed in September

1954, confined the population within an area of 22.7 km2.one of the windmills used for pumping water within

the park, necessitating costly repairs, and the animal Between 1954 and 1998, the elephant area was enlarged

on four occasions (1976, 1982, 1984 and 1992) to a finalresponsible was shot. In 1937 another adult bull, named

Pretorius, killed an elephant calf and then later in size of 103 km2. During this time population size increased

from 22 to 284 elephants (Fig. 1).same the year he killed one of the park’s rangers.

Consequently, this bull was also shot. Population density during 1954–1998 was 1.02–4.01

elephants km−2. Multiple regression analyses show noThe destruction of these two bulls left no sexually

mature bulls in the population. There were just three indication of density dependence acting upon the popu-

lation’s recruitment rate since the fencing of the park.males in the founder population of eleven elephants in

1931, and only two of these were adults, the third being Annual rainfall data from 1955 to 1996 (obtained from the

Agricultural Research Council Institute for Soil, Climatea young male calf called HT. When Pretorius was shot

in 1937, HT was not yet sexually mature, and in 1940, and Water) were incorporated into the analysis because

elephant conception rate is known to be influenced bybefore reaching sexual maturity, he was hit and killed

by a train whilst roaming outside the park. rainfall (Moss, 2001). Results showed conception rate in

Addo to be significantly correlated to rainfall (1955–1996There were 18 births during 1931–1938, when Pretorius’

last oCspring were born, and population size at the end data: b=0.343, P=0.039), but no significant correlation

was observed between conception rate and populationof 1938 was 25 animals. However, the eCective popu-

lation size was zero. A 9 year hiatus in recruitment density (1955–1996 data: b=−0.0316, P=0.85).
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Table 1 Age-specific mortality for the Addo elephant population,

1976–1998. Mortality rates were calculated for each year class

(males and females considered separately) as the percentage of the

total number of animals entering the year class between 1976 and

1998 who died before reaching the next year class. Mean mortality

rates are given for grouped age classes.

Mortality rate%

Age class (years) Male Female

0 6.2 6.2

1–9 0.9 0.1

10–19 2.0 0.4

20–29 3.1 0.3

30–44 5.1 1.2

45–59 100 1.6

60–63 100

The causes of mortality amongst adult males and

females before and after the fencing of the park were

compared (Table 2). Throughout 1931–1954 a minimum

of 80% of all deaths could be attributed to problems

encountered by the elephants whilst outside the park

(hunting, train accidents, and other incidents) and, there-

fore, can be related to the lack of a fence. During this

period there were no reported deaths caused by natural

sickness or injury, old age, or intraspecific fighting

among adults.

Following the secure fencing of the park the majority
Fig. 1 Mean Addo elephant population mortality (upper) and of adult cows have died of natural causes (Table 2). The
population size (lower), 1931–1998. Mortality for the population as

primary cause of death amongst adult bulls, however,
a whole was calculated as a percentage of the population size for

is intraspecific fighting, with a minimum of 70% (14/20)each year. Mean mortalities, calculated for blocks of five years, are

of adult males who have died since 1954 being killed inillustrated (with the exception of the first and last bars, which

represent periods of four years each). Population sizes are derived this manner. A further four adult males that died of
from reconstructed annual population estimates (Whitehouse & unknown causes might also have been killed in fights,
Hall-Martin, 2000). The date of fencing of the park is indicated.

because there are no records of any sicknesses or injuries

prior to the disappearance of these bulls, and none were

old enough to have died of old age. Therefore, it is

possible that up to 90% of the deaths of adult malesDemographic analyses conducted on males and females

separately reveal marked sexual diCerences in survival since the fencing of the park are caused by intraspecific

fighting.and mortality since the fencing of the park. The sex ratio

of newborn calves does not diCer significantly from 1:1 Although lower survival of male elephants in com-

parison to females has been reported elsewhere (Moss,(1954–1998 births: 157 males: 163 females; x2=0.11,

P>0.05), but adult (>12 years of age) sex ratio is 2001), the frequency of intraspecific fights leading to the

death of Addo bulls is unusually high. Whilst sparringsignificantly female biased (49 males: 75 females at end

of 1998; x2=5.45, P<0.05). Mortality rates for calves in is common amongst all male elephants, and is necessary

for them to establish and maintain their position in thetheir first year are similar for both sexes, but thereafter

male mortality rates are higher than those of females in male dominance hierarchy (Poole, 1982; Moss & Poole,

1983), in natural populations ‘‘records of elephants dyingall age classes (Table 1). As a result of this high male

mortality, the oldest age classes comprise females only in fights with one another are few and far between’’

(Hanks, 1979). This is expected from an examination of(oldest female in the park=60 years of age, oldest

male=44 years; Fig. 2), and survival curves show a the theory of animal conflicts, which shows that fights

between conspecifics should rarely result in serioussharp contrast between male and female elephants

within AENP (Fig. 3). injury (Maynard Smith & Price, 1973).
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Fig. 2 Age pyramid of the Addo elephant

population, December 1998. Elephants are

grouped into five-year age classes, with

males (pale grey) and females (dark grey)

given separately.

studies that the management of the Addo elephant

population was based on decisions made to fulfil specific

and immediate perceived needs, such as to remove

problem animals and to prevent elephants leaving the

park. However, it appears that little thought was given

to the possibility of broader or long-term ramifications

of management interventions, and negligible eCort was

made to monitor the eCects of applied management.

In AENP, the deliberate removal of both sexually

mature founder males not only hindered early popu-

lation growth, but also considerably increased the threats

to the population’s persistence at a time when the

population was already at risk due to its small size
Fig. 3 Survival curves for male (dashed line) and female (solid line)

(Goodman, 1987; Foose & Ballou, 1988; Caughley, 1994).elephants within the AENP, based on population data between

Looked at in isolation, the incidences in which the two1976 and 1998.

bulls were destroyed may appear justifiable. Shooting

them probably appeared to be the only solution to the

unacceptable problems of expensive damage to crucialTable 2 Number of adult (>12 years of age) male and female

windmills by one bull, and loss of human and elephantAddo elephants who died of diCerent causes before and after

construction of the elephant proof fence in 1954. life caused by the other bull. However, when considered

in the light of the objectives of the newly proclaimed
Pre 1954 Post 1954

park (to preserve the last surviving elephants in the

area), and the size and composition of the populationCause of death Male Female Male Female

at the time, the wisdom of these management decisions
Man induced – outside park 3 6 0 0 appears questionable. In those days it was not possible
Man induced – inside park 2 0 1 1 to translocate male elephants from elsewhere to enhance
Natural sickness/injury 0 0 1 3

the population’s chances of survival, and if no male
Old age 0 0 0 6

calves had been born during the early 1930s, or if noneIntraspecific fighting 0 0 14 1

had survived to maturity, the population would notUnknown 0 0 4 2

have survived. This case study highlights the importance

of forethought and evaluation of alternative management

decisions prior to implementation.

Poor management is not always a manifestation of
Discussion

inappropriate action, but can also be a result of absence

of appropriate action. In Tsavo National Park, Kenya, theRetrospective assessment of the consequences of past

management practices can provide useful lessons for laissez-faire policy adopted during the 1960s for manage-

ment of the elephant population has been subject to con-improvement of our understanding of species and how

best to manage them. It is apparent from the three case siderable debate, and is believed by some to have been
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misguided and inappropriate (Parker, 1983; Waithaka, Additional thanks to SANP and Dr Anthony Hall-Martin

for assistance with accessing historical records; and1997). In AENP, the lack of construction of a secure

boundary fence prior to 1954 resulted in high elephant to IFAW for provision of a vehicle and computer

equipment.mortality and seriously decreased the population’s

initial rate of recovery. Protection of elephants that are

coming into conflict with humans cannot be achieved

by giving the animals protected status on paper or
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