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ABSTRACT 

Elephant numbers in Etosha National Park have increased steadily since the recolonization 

of the park by elephants in the early 1950's. A period of rapid increase occurred from 

1979 to 1983, coinciding with the recent Trans-African drought. The population appeared 

to have erupted and was culled twice to halt further increases and prevent irreversible 

changes in plant species diversity due to an over-population of elephants. This study 

was done to determine fecundity and mortality schedules and the rate of increase of the 

elephant population, in order to manage the population by artificial control of numbers. 

Six aerial censuses at four-month intervals from 1983 to 1985 showed that the number of 

elephants in the park varied between seasons, and both the dry and wet season populations 

declined after 1983. The rate of decline, as also the rate of increase from 1973 to 

1983, was higher than expected from fecundity and mortality rates. Age structures of 

herds were determined by aerial photogrammetry and did not change substantially from 1983 

to 1987, and from 1977-1987 when using ground observations. Fecundity rates determined 

from females culled in 1983 and 1985 were higher than in populations elsewhere in Africa, 

in contrast to the observed decline in population size in Etosha National Park. Survival 

schedules based on the age distribution of females indicated higher mortality rates than 

in other populations. The relative importance of mortality factors was determined from 

carcase records, and anthrax proved to be the single most important cause of death in all 

age groups except calves, where predation by lions was more important. 

Evidence from reproductive parameters, age structures and mortality schedules along with 

recorded movements of elephants in and out of the park, suggest that changes in abundance 

were not due to explosive breeding or mortalities before and after the drought 

respectively, but to immigration and emigration. Elephants moved freely in and out of 

the park as determined by rainfall and human disturbance, and the Etosha National Park 

population appears to be part of a regional population of elephants occurring in 

north-western SWA/Namibia, including parts of the Kaokoveld, Ovambo and Kavango. 

Stellenbosch University  https://scholar.sun.ac.za



111 

ACKNOWLEDGEMENTS 

I gratefully acknowledge the Secretary of the Department of Agriculture, Nature 

Conservation and Veterinary Services for granting permission to use a part of my official 

work for this study. The Director of Nature Conservation always displayed a keen 

interest in this study, and was receptive to the recommendations derived from it. Dr 

P.T. van der Walt, Dr E. Joubert and the late Dr T. van Wyk provided incentive and 

encouragement, and sanctioned logistic support and time spent on this study. Mr. C.J.V. 

Rocher always gave valuable comments on my earlier reports. 

In Etosha, my colleagues Messrs T. Nott, L. Scheepers, Mrs K. Nott, Dr F. Joubert, the 

late Dr J.M. Hofmeyr and my local supervisor Dr H.H. Berry all contributed with ideas and 

information and I thank them all. At various times I received technical assistance from 

Rangers (Research) W. Versfeld, P. Stander and I. Behrens, and I thank them for their 

loyal support. 

The management staff of Etosha led by the late Mr G. Visser, then Mr L. van Rooyen and 

local officers controlled by Messrs H. Theron, A. Cilliers, W. Hugo, K. Venzke, J. Nel, 

J. Meyer, R. Vinjevold, Chief Rangers R. Dujardin, M. Paxton, P. Burger, T. Archibald, J. 

Grobler and D. Gilchrist all played an integral part in this study. I am grateful for 

all information received, participation in censuses, assistance in culls and many small 

and large favours asked and granted. 

The Game Capture Unit, ably lead by Messrs D. Malan, L. Geldenhuys, E. van Zyl, N. de 

Jongh, Dr J. Nowers and Dr P. Morkel provided essential support during censuses and 

marking operations, and more than enough excitement. Dr J. Dippenaar assisted in 

fieldwork and the 1985 cull. Mr G. Noli piloted the ancient Piper Supercub with great 

expertise during all the censuses of elephants in Etosha done specifically for this 

study, and over 400 h of drudgery and excitement were shared with him. Messrs J. Lawson 

and D. Keijzer formerly of Court Helicopters (Pty.) Ltd. flew helicopters during marking 

operations and censuses, both with exemplary skill. 

Research secretaries Mrs T. Theron and Mrs J. Cilliers assisted in numerous ways and 

typed various earlier parts of this thesis. The sections Tourism and Maintenance also 

provided assistance on occasion. The following labourers played a vital role in 

Stellenbosch University  https://scholar.sun.ac.za



iv 

logistical support, particularly during the culls: Messrs J. Kaitumu, 0. Tsumeb, S. 

Haluenda, A. Gaseb, A. Eib, E. Tjanika and J. Kapner. 

Pauline, my wife, provided vital assistance in the writing of computer programmes for 

this study, assistance with fieldwork, diagnosis of anthrax in elephants, preparation of 

illustrations, and producing the final version of the thesis. I am immensely grateful to 

her for all her help, and also the rest of our families for their encouragement. 

Stellenbosch University  https://scholar.sun.ac.za



CONTENTS 

PAGE 

LIST OF TABLES 	 viii 

LIST OF FIGURES 	 xiii 

CHAPTER 1 	 GENERAL INTRODUCTION 	 1 

STUDY AREA 	 3 

HISTORY OF ELEPHANTS IN ETOSHA NATIONAL PARK 	 11 

OBJECTIVES OF STUDY 	 12 

CHAPTER 2 	 POPULATION SIZE AND CENSUS METHODS 	15 

INTRODUCTION 	 15 

METHODS 	 17 

RESULTS AND DISCUSSION 	 19 

Elephant numbers in Etosha National Park 	 19 

Precision and accuracy of elephant census estimates 	 23 

Precision 	 23 

Accuracy 	 27 

CHAPTER 3 	 AGE ESTIMATION AND AGE STRUCTURE 	38 

INTRODUCTION 	 38 

METHODS 	 42 

RESULTS 	 48 

Identification of molars 	 48 

Number of laminae 	 48 

Comparisons between ages assigned following Sikes (1968)  

and Laws (1966) 	 57 

Age structure 	 57 

DISCUSSION 	 70 

CHAPTER 4 	 REPRODUCTION 	 83 

INTRODUCTION 	 83 

METHODS 	 85 

Foetal growth 	 86 

RESULTS 	 87 

Foetal growth and seasonal breeding 	 87 

Reproductive status and mean calving interval 	 102 

Stellenbosch University  https://scholar.sun.ac.za



vi 

Attainment of sexual maturity 	 105 

Senescence, anoestrus and reproductive disorders 	 108 

Breeding synchrony 	 112 

DISCUSSION 	 116 

Foetal growth and seasonal breeding 	 116 

Reproductive status and mean calving interval (MCI) 	 123 

Attainment of sexual maturity 	 128 

Senescence, anoestrus and reproductive disorders 	 130 

Breeding synchrony 	 131 

CHAPTER 5 	 MORTALITY 	 134 

INTRODUCTION 	 134 

METHODS 	 135 

RESULTS AND DISCUSSION 	 140 

Seasonal incidence of mortalities 	 140 

Age-specific mortality 	 140 

Senior adults ( 50 years old) 	 140 

Adults (20 - 49 years old) 	 144 

Sub-adults (9-19 years old) 	 146 

Juveniles (3-8 years old) 	 146 

Calves (<3 years old) 	 148 

Age and sex distribution of mortalities 	 148 

Anthrax 	 152 

Sex ratio 	 160 

CHAPTER 6 	 SYNTHESIS 	 170 

INTRODUCTION 	 170 

RESULTS AND DISCUSSION 	 171 

Fecundity 	 171 

Rate of increase 	 182 

Mortality and survival 	 187 

MODELS 	 201 

Changes in survival 	 204 

Changes in fecundity 	 212 

Changes in survival and fecundity 	 217 

Periodic changes in survival and fecundity 	 224 

Stellenbosch University  https://scholar.sun.ac.za



vii 

Breeding synchrony 	 225 

Drought and migration 	 231 

CONCLUSIONS 	 235 

SUMMARY 
	

239 

SAME VATTING 
	

243 

REFERENCES 	 247 

APPENDIX 1 Abbreviations used in text for names of 

African conservation areas 	 262 

APPENDIX 2 Aerial sampling counts 	 263 

APPENDIX 3 Matrix model of an elephant population 	 274 

APPENDIX 4 Variable periodicity matrix model 	 276 

APPENDIX 5 Management implications 	 280 

Short-term problems 	 281 

Vegetation around waterholes 	 281 

Long-term problems 	 282 

Restriction of migrations 	 283 

Human threats 	 283 

Stellenbosch University  https://scholar.sun.ac.za



viii 

LIST OF TABLES 

PAGE 

	

2.1 	Estimates of the number of elephants in Etosha National Park from 	 21 

aerial game distribution surveys of known concentration areas. Data 

from Tinley (1966), Ebedes (1970) and Joubert (1973). 

	

2.2 	Estimates of the number of elephants in Etosha National Park from 
	

22 

aerial censuses using helicopters (H) in concentration areas and 

fixed-wing aircraft (FW) in the remainder, from 1973 to 1983. 

	

2.3 	Estimates of the number of elephants in Etosha National Park since 
	

24 

1983 (H=helicopter, FW=fixed-wing aircraft). Estimates in parenthesis 

are based on ground surveys. 

	

2.4 	Mean (± Standard Error) percentage change in the number of groups of 
	

26 

elephants and the number of individuals in first and second counts in 

six census blocks in Etosha National Park. 

	

2.5 	Random sequence of treatment combinations of transect width and 
	

29 

altitude used in an experimental count of elephants in Etosha 

National Park to estimate bias. 

	

2.6 	Summary of analysis of variance in apparent elephant density (Y) in 
	

30 

the experimental census of elephants in Etosha National Park. 

	

2.7 	Radio-collared elephants resighted during censuses of elephants in 
	

33 

Etosha National Park. 

	

3.1 	Back length-age key and ratios of back lengths at age:asymptote of 
	

47 

elephants in Etosha National Park. 

3.2 	Mean (± SE) width (w) and length (1) in mm of fully erupted intact 
	

51 

molars and partially eroded or erupted molars of male and female 

elephants in Etosha National Park. 

Stellenbosch University  https://scholar.sun.ac.za



ix 

	

3.3 	Number of incomplete first and last laminae in fully erupted molars 
	

55 

of elephants culled in 1983 and 1985 in Etosha National Park. 

Percentage incidence given in parenthesis. 

	

3.4 	Variation in the number and position of the foramina mentale in 
	

56 

mandibles of elephants culled Etosha National Park. Percentage 

incidence given in parenthesis. 

	

3.5 	Number of mandibles with no molar over the foramen mentale in 
	

58 

elephants culled in 1983 and 1985 in Etosha National Park. 

Percentage incidence given in parenthesis. 

	

3.6 	Condition of the alveolus of lost molars in mandibles with no molar 
	

59 

over the foramen mentale, from elephants culled in Etosha National 

Park. 

	

3.7 	Range of laminary indices per Lawsian age class in elephants in Etosha 
	

61 

National Park. 

	

3.8 	Aerial surveys and photogrammetrical samples used in constructing age 
	

71 

distributions of elephants in Etosha National Park and other 

localities in SWA/Namibia. 

	

4.1 	Frequency distribution of elephant foetal mass in two samples from 
	

89 

Etosha National Park. 

	

4.2 	Number of primiparous and multiparous females and age of females which 	95 

conceived during and outside the peak conception season (November - 

March) in Etosha National Park. 

	

4.3 	The relationship between foetal sex and size at age for three 
	

99 

30-day-intervals in the gestation period, of elephant foetuses in 

Etosha National Park. 

	

4.4 	Size differences (% difference) in four sets of twin foetuses from 
	

100 

elephants in Etosha National Park. 

Stellenbosch University  https://scholar.sun.ac.za



	

4.5 	Frequency of births of elephants in Etosha National Park in the 1983 
	

101 

and 1985 samples according to foetal ages derived from Perry 

(1953) : A and Craig (1984) : B. 

	

4.6 	Reproductive status of all female elephants culled in 1983 and 1985 
	

103 

(including calves captured in 1985) in Etosha National Park. 

	

4.7 	Mean ages in years (± SE) of female elephants in 1983 and 1985 per 
	

103 

reproductive class in Etosha National Park. 

	

4.8 	Mean calving intervals (MCI) in years and number of placental scars 
	

107 

per female in eight populations of African elephants. 

	

4.9 	Uterine and ovarian characteristics of parous anoestrous 
	

110 

(non-lactating) female elephants in the 1983 and 1985 samples from 

Etosha National Park. 

	

4.10 	Incidence of reproductive disorders in elephant cows in 1983 and 1985, 	 111 

in Etosha National Park. 

	

4.11 	Reproductive status of elephant cows older than 50 years in Etosha 
	

115 

National Park. 

	

4.12 	Seasonal breeding in African elephant populations. 	 120 

	

4.13 	Incidence of twins, and foetal sex ratios in African elephant 
	

124 

populations. 

	

4.14 	Summary of some reproductive parameters in 24 samples from 17 African 	126 

elephant populations. 

	

5.1 	Seasonal incidence of mortality factors of elephants in Etosha 
	

142 

National Park. 

	

5.2 	Incidence of mortalities in (A) senior adult (>50 years old) and (B) 
	

143 

adult elephants (20-49 years old) in Etosha National Park. 

Stellenbosch University  https://scholar.sun.ac.za



xi 

	

5.3 	Incidence of mortalities in (A) sub-adult (9-19 years old) and (B) 	 147 

juvenile elephants (3-8 years old) in Etosha National Park. 

	

5.4 	Incidence of mortalities in elephant calves (<3 years old) in 
	

149 

Etosha National Park. 

	

5.5 	Distribution of sex and age classes in all recorded elephants 
	

153 

mortalities in Etosha National Park. 

	

5.6 	Distribution of sex and age classes in all elephant mortalities in 
	

154 

Etosha National Park, excluding elephants shot. 

	

5.7 	Age and sex distribution of elephant mortalities during epidemic 
	

157 

and non-epidemic anthrax outbreaks in Etosha National Park. 

	

5.8 	Numbers of male and female foetuses (A) and post-natal elephants (B) 
	

161 

in the culled samples from Etosha National Park in 1983 and 1985. 

	

5.9 	Adult sex ratio from the number of adult females and adult males 
	

162 

recorded in various studies on elephants in Africa. 

	

5.10 	Elephant bulls occurring in bull herds and singly as a percentage of 
	

163 

the total population, of various populations studied in Africa. 

	

5.11 	Three estimates of the proportion of adult males in the elephant 
	

165 

population in Etosha National Park based on aerial censuses since 

1973. 

	

6.1 	Fecundity schedules of female elephants culled in Etosha 
	

173 

National Park in 1983 (A) and 1985 (B). 

	

6.2 	Weighted mean fecundity (mw) calculated from pregnant and pregnant 
	

175 

plus lactating females older than 18-20 years in 10 populations of 

African elephants. 

	

6.3 	Mean calving intervals (MCI) and mean number of placental scars per 
	

178 

female in 17 African elephant populations. 

Stellenbosch University  https://scholar.sun.ac.za



xii 

	

6.4 	Relative abundance of newborn and year-old elephant calves relative 
	

181 

to the breeding season and the number of adult cows in Etohsa 

National Park. 

	

6.5 	Estimates of elephant numbers in Etosha National Park since 1950 and 
	

183 

observed rates of increase (r). 

	

6.6 	Life table for female elephants in the 1983 culled sample from Etosha 
	

189 

National Park. 

	

6.7 	Life table for females in the 1985 culled sample from Etosha 
	

190 

National Park. 

	

6.8 	A life table over 60 years based on the 1985 culled elephant sample in 
	

192 

Etosha National Park assuming r=0 . 

	

6.9 	Mortality (qx) and survival (px) schedules for elephants in Etosha 
	

194 

National Park in 1983 and 1985 in (A) four year intervals and (B) 

yearly intervals. 

	

6.10 	Observed and theoretical survival schedules used in models for 
	

207 

elephants in Etosha National Park. 

	

6.11 	Theoretical mean calving intervals (MCI) for elephants translated 
	

214 

into mean fecundity rates (ms). 

	

6.12 	Simulated rates of increase of a model elephant population relative to 
	

222 

the mean calving interval (MCI), age at first conception (AFC) and 

three schedules of survival rates. (Values in rectangles and 

parenthesis are discussed in text). 

Stellenbosch University  https://scholar.sun.ac.za



LIST OF FIGURES 

PAGE 

	

1.1 	Camps ( • ), roads and firebreaks (—) in Etosha National Park, 	 5 

SWA/Namibia. 

	

1.2 	Surface water available to game in Etosha National Park during 
	

6 

1983-1988, and elephant-proof sections of the surrounding fence. 

(Squares denote position of rest camps; --- = elephant-proof cable 

fences; s = seasonal; d/s = dormant for at least one wet season 

since 1983). 

	

1.3 	Total rainfall per season (mm) and long term mean (± SE) rainfall per 
	

8 

season in Etosha National Park measured at five stations on an 

east-west gradient. 

	

1.4 	Broad vegetation divisions in Etosha National Park, as based on 
	

9 

Le Roux et al. (1988). Approximate extent of each zone is given 

in parenthesis. 

	

2.1 	Census blocks in Etosha National Park illustrating the approximate 
	

20 

orientation and numbers of transects in aerial censuses of elephants 

done in 1983 and 1984 in A; a double set of North-South transects used 

in censuses in 1985 in B; and transects used in the 1987 sensus in C. 

(Transect widths are given in km; 1 km transects were flown by 

helicopter, all others by fixed-wing aircraft.) 

	

2.2 	Estimates of elephant abundance in Etosha National Park from 
	

25 

1973-1987 based on aerial censuses and ground surveys (black 

columns) in A, and dry and wet season estimates separately in B and C 

respectively, including estimates for 1980 in De Villiers (1981). 

2.3 	The number of groups and the number of elephants counted at increasing 
	

31 

distance from the aircraft in the woodland and shrubland strata in a 

census experiment in Etosha National Park. 

Stellenbosch University  https://scholar.sun.ac.za



xiv 

	

3.1 	Molar replacement sequences in right mandibles of elephants, 	 40 

redrawn from Laws (1966) and Jachmann (1988). Molars are indicated 

by M1-6, age classes of Laws (1966) by I-XXX, and the revised age 

classes of Jachmann (1988) by ix-xviii. Chronological age in years 

± probable range of each age class was taken from Laws (1966, 1967a) 

and Jachmann (1988) for age classes ix-xviii. 

	

3.2 	Examples of incompletely developed first (anterior) and last 
	

43 

(posterior) laminae of molars from elephants culled in Etosha 

National Park. Arrows indicate an incomplete first lamina (A) 

and last lamina (B), and C denotes the anterior edge of the molar 

series in each mandible. 

	

3.3 	Variable degree of filling of the alveolus after the loss of molar 
	

44 

fragments from left mandibles of elephants culled in Etosha National 

Park. FM denotes the foramen mentale. 

	

3.4A 	Widths and lengths of M1-M6 in the total sample of males (A) and of 
	

49 

intact molars only ('A') of elephants culled in Etosha National Park. 

Widths and lengths of M1-M6 in the total sample of females (B) and of 

intact molars only ('B') of elephants culled in Etosha National Park. 

	

3.5 	The only supernumerary M7 found (on the left), in the mandible of a 
	

52 

60 year-old female elephant from Etosha National Park. 

	

3.6 	Abnormal dentition in an adult female elephant from Etosha National 
	

52 

Park, with M5 absent in the right mandible (scale in cm). 

	

3.7 	Frequency distribution of the number of laminae in intact elephant 
	

53 

MI-6 in Etosha National Park (n denotes sample size). 

3.8 	Comparison between the ages allocated to female ( 0 ) and male ( v ) 
	

60 

elephants in Etosha National Park according to the methods of Laws 

(1966) and Sikes (1968) (the diagonal line A-A' represents exact 

correspondence between the two methods). 

Stellenbosch University  https://scholar.sun.ac.za



XV 

	

3.9 	Frequency distribution of elephants in each Lawsian age class (A) 
	

62 

and in year groups adjusted according to the ranges given in Laws 

(1966) (B), Laws (1967a) (C) and the age schedule of Jachmann (1988) 

(D) in the 1983 sample from Etosha National Park. 

3.10 	Frequency distribution of elephants in each Lawsian age class (A) 
	

63 

and in year groups adjusted according to the ranges given in Laws 

(1966) (B) and Laws (1967a) (C) and the age schedule of Jachmann 

(1988) (D) in the 1985 sample from Etosha National Park. 

	

3.11 	Age distributions of female elephants in the 1983 sample from Etosha 
	

65 

National Park based on the appearance of the anterior (A & B) and 

posterior (C & D) molars independently, and smoothed using the age 

ranges of Laws (1966) and Laws (1967a). 

	

3.12 	Age distributions of female elephants in the 1985 sample from Etosha 
	

66 

National Park based on the appearance of the anterior (A & B) and 

posterior (C & D) molars independently, and smoothed using the age 

ranges of Laws (1966) and Laws (1967a). 

	

3.13 	Age distributions of elephants in the 1983 (A & B) and 1985 (C & D) 
	

67 

samples from Etosha National Park using the method of Sikes (1968) 

(see text). 

	

3.14 	Age structures of female elephants derived from the revised age 
	

68 

estimation method (Jachmann 1988) : A & C, and the method of Laws 

1966 (B,D-J), for culled samples from Etosha National Park (A-D), 

Kruger N.P.(E), Kabalega Falls N.P.(F), Luangwa Valley N.P.(G), 

Hwange N.P.(H), Mana Pools N.P.(I) and Gonarezhou N.P.(J). Data 

are three-year running averages from references in text. 

	

3.15 	Frequency distributions in different age groups of elephants from 	 72 

aerial photogrammetry in Etosha National Park from 1984-1987 (A) and 

elsewhere in SWA/Namibia (B). 

	

3.16 	Summarized age structures from aerial photogrammetrical surveys of 
	

74 

elephants in Etosha National Park. Shaded areas denote elephants < 

Stellenbosch University  https://scholar.sun.ac.za



xvi 

1-year old. 

	

3.17 	Summarized photogrammetrical age structures of 12 samples from eight 
	

75 

populations of elephants in East Africa and SWA/Namibia. Data from 

references in text, all derived from aerial photogrammetry, except 

Douglas-Hamilton (1972 in Leuthold 1976) who used ground-based 

photogrammetry in Lake Manyara N.P. (L.M.N.P.). Shaded areas 

denote elephants <1 year old, T.N.P.E. & W. = Tsavo N.P. East and 

West, K.F.N.P.S. = Kabalega Falls National Park South, K.N.P. = 

Kidepo National Park. 

	

3.18 	Age structures of breeding herds of elephants in Etosha National Park 
	

77 

from 1977 to 1988, based on ground observations. The number of 

elephants (n) classified per year is given in parenthesis. Shaded 

areas denote elephants <1 year old. 

	

4.1 	Frequency distribution of elephant foetal mass in Etosha National 
	

88 

Park in 1983 and 1985. 

	

4.2 	Distributions of conceptions and parturitions of elephants in Etosha 
	

90 

National Park in terms of rainfall, based on conception dates derived 

from A : Perry (1953) and B : Craig (1984). 

	

4.3 	Frequencies of conceptions and births of elephant in Etosha National 
	

91 

Park for the 1983 and 1985 samples separately according to A : Perry 

(1953) and B : Craig (1984). 

	

4.4 	Monthly rainfall and the frequency of elephant conceptions and births 
	

93 

for one cohort, in Etosha National Park. 

	

4.5 	Correlation between crown-rump length (CRL), vertebral column length 
	

96 

(VCL) and foetal age in 1983, of elephant foetuses collected in Etosha 

National Park. 

	

4.6 	Correlation between crown-rump length (CRL), vertebral column length 
	

97 

(VCL) and foetal age in 1985, of elephant foetuses collected in Etosha 

National Park. 

Stellenbosch University  https://scholar.sun.ac.za



xvii 

	

4.7 	Placental scars in elephant uteri from Etosha National Park, in 	 104 

longitudinal section (R = recent scars, scale in cm). 

	

4.8 	The number of placental scars and age of female elephants in the 
	

106 

1983 (A) and 1985 (B) samples from Etosha National Park. 

	

4.9 	The range of overlap in the ages of parous and prepubertal elephant 
	

109 

females in 1983 (A) and 1985 (B) in Etosha National Park. 

	

4.10 	Complete uterine occlusion in an adult lactating elephant in Etosha 
	

113 

National Park, with placental scars on both sides of the occlusion, 

in longitudinal section. Scale in cm, arrow indicates direction of 

cervix. 

	

4.11 	Conformational defects in a male elephant foetus caused by 
	

114 

intra-uterine pressure, evident from the indentation on the rump by 

the tail (1), hyperflexure of the hindlegs (2) and abrasions caused by 

friction between limbs (3), collected in Etosha National Park. 

Scale in cm. 

	

4.12 	Distribution of foetuses and calves in all elephant breeding herds 
	

117 

culled in 1983 in Etosha National Park. The number of parous cows 

in each herd is given in parenthesis. 

	

4.13 	Distribution of foetuses and calves in all elephant breeding herds 
	

118 

culled in 1985 in Etosha National Park. The number of parous cows 

in each herd is given in parenthesis. 

	

4.14 	The number of calves and the number of different age groups 
	

119 

represented by elephant calves in 43 herds culled in Etosha National 

Park. 

4.15 	The relationship between mean calving interval (MCI) and elephant 
	

127 

density, in southern Africa (SA) and East Africa (EA). The outlier 

from Lake Manyara N.P. (L.M.N.P.) is excluded from the regression. 

Stellenbosch University  https://scholar.sun.ac.za



xviii 

	

4.16 	The relationship between age at first conception (AFC) and elephant 
	

129 

density, in southern Africa (SA) and East Africa (EA). The outlier 

from Lake Manyara N.P. (L.M.N.P.) is excluded from the regression. 

	

5.1 	A 	Anthrax bacilli in elephant blood stained with Giemsa (approx. 	 137 

4000 x magnification). 

Unknown putrefaction bacteria in elephant blood stained with 

Giemsa, similar in shape and size to Bacillus anthracis (4000 x 

magnification). 

C 	B. anthracis (1) and unknown bacilli (2) in haemolized elephant 

blood stained with Giemsa (4000 x magnification). 

D 	Anthrax bacilli in elephant blood stained with M'Fadyean's stain 

clearly showing the diagnostic encapsulation (4000 x 

magnification). 

	

5.2 	Anthrax mortality in Etosha National Park, showing characteristic 
	

139 

bleeding (arrow) from the trunk, at approximately 24 h after death. 

	

5.3 	Blood-agar culture of B. anthracis (1) with diagnostic response to 
	

141 

penicillin (2) and the phage test (3), compared to a negative culture 

(4). 

	

5.4 	Senior-adult cow dead from starvation in Etosha National Park, showing 
	

145 

the sunken temporal fossae of most old individuals and prominent ribs 

and pelvis associated with extreme loss of condition (A). Arrows 

indicate remnants of M6 in the same individual (B), M denotes mandible. 

	

5.5 	A. A one-year-old elephant calf killed by lions in Etosha National 
	

150 

Park. Arrows indicate canine puntures. 

B. The same carcase 18h later. Note the fresh elephant dung ball 

indicating, along with other evidence, that the herd returned to the 

site. 

5.6 	Age frequency distribution of elephant mortalities from 1971-1987 in 	 151 

Stellenbosch University  https://scholar.sun.ac.za



xix 

Etosha National Park, where A illustrates the distribution of male 

and female mortalities in each age group, and B illustrates the 

cumulative frequencies of male and female mortalities per age group. 

	

5.7 	Monthly incidence of anthrax mortalities in the four major susceptible 
	

155 

species in Etosha National Park. (AM: springbok, EB: Burchell's zebra, 

CT: blue wildebeest, LA: elephant). 

	

5.8 	The distribution of anthrax mortalities in Etosha National Park since 
	

159 

1980 (e=elephant, z=Burchell's zebra, w=blue wildebeest, s=springbok). 

Numbers in brackets not confirmed anthrax cases. 

	

5.9 	Percentage frequency distribution of elephant mortalities due to 
	

166 

anthrax, shooting and predation since 1975 in Etosha National Park. 

	

6.1 	Fecundity schedules of female elephant culled in 1983 (A) and 1985) 
	

174 

(B) in Etosha National Park calculated from the ratio of pregnant to 

non-pregnant individuals (o) and pregnant and lactating females to 

non-pregnant and non-lactating individuals (x). 

	

6.2 	Elephant population trend in Etosha National Park from aerial surveys 
	

184 

(A) and a theoretical eruption sequence (B). 

	

6.3 	Mortality and survival pattern of elephants in Etosha National Park 
	

197 

in 1983 and 1985 and published schedules of Petrides & Swank (1966): 

A; Laws (1969 b): B; Fowler & Smith (1973): C; and Croze et al. 

(1981): D. 

	

6.4 	Plot of natural log year class abundance and age of culled elephant 
	

198 

samples in 1983 and 1985 in Etosha National Park, using age intervals 

of four years. 

	

6.5 	Plot of natural log year class abundance and age in two-year intervals 
	

199 

of photogrammetrical age distributions in May 1984 (A), December 1984 

(B), May 1985 (C), August 1985 (D) and September 1987 (E) of elephants 

in.  Etosha National Park. 

Stellenbosch University  https://scholar.sun.ac.za



XX 

	

6.6 	Plots of ln age class abundance and age up to 10 years, using 
	

200 

photogrammetrical age distributions (regressions from year one to 

five) of elephants in Etosha National Park. 

	

6.7 	Projection for 60 years using the initial survival (px) and 
	

205 

fecundity (ms)  schedules (A) and resulting age distributions in 1, 

5, 15 and 60 years time (B) of female elephants in a model population. 

	

6.8 	Simulated trends of a model elephant population resulting from 
	

208 

proportional changes in the survival schedule (px). The starting 

figure and observed trends (Obs) refer to the estimated total number 

of female elephants in the regional population in north-western SWA/ 

Namibia in 1985. (r=rate of increase; +, 0, - px  schedules in Table 

6.10). 

	

6.9 	Simulated trends of a model elephant population resulting from 
	

210 

disproportionate changes in the survival schedule (px) where 

probability of survival over the first year is changed by one 

order of magnitude greater than P2-60. 

	

6.10 	Simulated trends of a model elephant population, resulting from 
	

211 

changes in the survival coefficient (la). 

	

6.11 	Simulated trends of a model elephant population by changes in first- 	 213 

year survival (p1) only. 

	

6.12 	Simulated trends of a model elephant population by changes in the mean 
	

215 

calving interval (MCI). 

	

6.13 	Simulated trends of a model elephant population by changes in the age 
	

216 

at first conception (AFC). 

	

6.14 	Simulated trends of a model elephant population by changes in the 
	

218 

onset of senescence (SEN). 

	

6.15 	Simulated trends of a model elephant population by simultaneous 
	

219 

changes in the mean calving interval (MCI) and the survival 

Stellenbosch University  https://scholar.sun.ac.za



xxi 

coefficient 

	

6.16 	Simulated trends of a model elephant population by simultaneous 
	

220 

changes in the mean calving interval (MCI) and yearling survival (p1). 

	

6.17 	Simulated rates of increase of a model elephant population relative 
	

221 

to the mean calving interval (MCI), age at first conception (AFC) and 

three schedules of survival rates (A: "High" survival rate - p3_56= 

.97, B: "Medium" survival rate - p3_56=.95, C: "Low" survival rate - 

133-50.93).  

	

6.18 	Simulated trends of a model elephant population due to synergistic 
	

224 

and compensatory changes in fecundity (mx) and survival 

	

6.19 	Simulated cycles in population increase of a model elephant population 
	

226 

by proportional changes in the survival of 1-4 year-old elephants and 

the fecundity of 9-16 year-old individuals (thus AFC) only. 

	

6.20 	Simulated cycles in population increase of a model elephant population 
	

227 

by proportional changes in the survival of yearlings and the age at 

first conception only. 

	

6.21 	Simulated cycles in population increase of a model elephant population 
	

228 

by proportional changes in the survival of yearlings and the age at 

first conception only, but with a one year time lag between changes in 

survival and fecundity. 

	

6.22 	Simulated cycles in population increase of a model elephant population 
	

229 

by proportional changes in the survival of yearlings and the age at 

first conception only, but with a two year time lag between changes in 

survival and fecundity. 

	

6.23 	Simulated trends in population size and peaks in age distribution 
	

230 

resulting from periodic changes in yearling survival in a model 

elephant population. 

6.24 	Simulated trends in population size and peaks in the age distribution 	 232 

Stellenbosch University  https://scholar.sun.ac.za



resulting from periodic changes in yearling survival followed by 

compensatory changes in fecundity, in a model elephant population. 

6.25 	Simulated trend during a drought with sequential changes in juvenile 
	

233 

survival, fecundity and adult survival for a model population. 

6.26 	Simulated population trends by subjecting a model elephant population 
	

234 

to representative gains and losses due to migration only. 

A2.1 	Systematic transect samples of the total unstratified census area 
	

267 

in Etosha National Park in May 1985 (A) and August 1985 (B). (Y*  = 

Observed number of elephants). 

A2.2 	Random transect samples of the total unstratified census area in 
	

269 

Etosha National Park in May 1985 (A) and August 1985 (B). (y*  = 

Observed number of elephants). 

A2.3 	Weighted random transect samples of the total unstratified census 
	

271 

area in Etosha National Park in May 1985 (A) and August 1985 (B). 

(Y = Observed number of elephants). 

Stellenbosch University  https://scholar.sun.ac.za



1 

CHAPTER 1 	 GENERAL INTRODUCTION 

The "elephant problem" in Etosha National Park which resulted in this study appears to be 

similar to elephant problems elsewhere in African conservation areas. Factors other than 

the usual determinants of gross distributional shifts and population increase have caused 

a condition regarded as over-population of elephants in virtually all African 

conservation areas. Over-abundunce of elephants, either as increased local population 

density or the establishment of resident populations in formerly vacant or seasonally 

vacant areas, is characterized by habitat modification by elephants, typically a change 

from woodland to scrubland or grassland and subsequent population responses in other 

herbivores, as summarized in Laws (1970) and Eltringham (1982). 

Human interference in the form of pastoralism and civil-military unrest is possibly the 

prime cause of elephant range contraction and subsequent concentration in the remaining 

suitable parts of former ranges (Laws 1969b, 1973, Douglas-Hamilton 1987). Where 

elephant populations inhabit protected areas but are not confined to them, population 

characteristics such as the rates of births and deaths often reflect environmental 

qualities over the total distribution area (Caughley 1977a). This aspect could not be 

examined in the present study, due to security-imposed limitations on access to the 

entire distribution range of the population which occurs in Etosha National Park. 

Historical and recent socio-political trends, human population growth and land use 

practices are currently significant determinants of the population status of virtually 

all wildlife in Africa. It is perhaps also significant that recent problems with 

over-abundance of large mammals owing to loss of former range due to human presence, are 

unrivalled in terms of gross demographical changes over the past 10 000 years (Laws 

1981). Only Pleistocene climatic upheavals could have produced equally severe changes. 

In a matter of a few decades, representing only a few elephant generations, the African 

elephant has had to adapt or respond to previously unknown environmental changes. 

Present concern about the elephant population in Africa has nevertheless shifted from 

that of over-abundance in conservation areas to rapid decimation through poaching 

(Douglas-Hamilton 1987). 
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In a period little longer than the lifetime of one elephant, the widespread distribution 

of elephants in SWA/Namibia, limited formerly only by the availability of water, has 

shrunk to a narrow strip along the northern border of the country (Joubert & Mostert 

1975, De Villiers & Kok 1984). In an even shorter period of three decades, elephants 

have increasingly occupied Etosha National Park, formerly devoid of resident herds, until 

the present where most of the elephants in north-western SWA/Namibia occur in the park 

for most of the year. 

The elephant population in Etosha National Park should be seen against the background of 

other elephant populations, although it should be recognized that local conditions may 

produce local results in demographical parameters not comparable to responses elsewhere. 

Some characteristics of the study population nevertheless render it useful for examining 

some of the generalizations made for and processes operating in other populations of the 

African elephant. 

The Etosha National Park population is relatively small and at a very low density and is 

still migratory within a system driven largely by sporadic rainfall and availability of 

water. Primary production and its availability are strongly affected by the 

unpredictable features of the environment, such as rain, fire, frost and concommitant 

unpredictable trends in populations of biota capable of dramatic modifications in plant 

biomass, such as termites, locusts, pathogenic fungi and perhaps some vertebrates. 

The Etosha National Park environment appears to be characterized by upheavals, such as 

sudden changes in climate, which might be more conducive to an assemblage of r-selected 

plant and animal species such as is found in some deserts. The position of a K-extreme 

such as the elephant in an environment closer to the r-end of the spectrum is therefore 

of great interest. Elephants appear to be unable to track temporal environmental 

changes, due to built-in delays caused by the long gestation period, mostly single 

offspring per litter and advanced age at first conception. Elephants might equally not 

respond to temporal stresses, by using body reserves or moving to alternative parts of 

the home range. The fact that elephants destroy their own habitat under certain 

conditions has been ascribed to this inability to respond quickly to changes in resource 

abundance (Croze, Hillman & Lang 1981, Laws 1981). An elephant population might 

therefore be limited to responses in births or deaths to the more regular or predictable 

elements in their environment, such as seasonal rainfall, fires and phenological changes 

due to photoperiodicity. Access to surface water is probably the most severe limiting 

Stellenbosch University  https://scholar.sun.ac.za



3 

factor, as elephants are obligate drinkers. This factor alone represents a major 

environmental uncertainty for elephants, particularly in semi-arid environments with a 

paucity of perennial rivers and springs. 

Localized changes in the vegetation of Etosha National Park have certainly occurred as 

the result of elephant utilization. It is inevitable that the introduction of a renowned 

modifier of habitat to a system would result in changes, as discussed by Owen-Smith 

(1987). This is indeed the situation in Etosha National Park, where elephants now occupy 

areas which could not have supported elephants over at least the last few hundred years 

and possibly longer, due to the absence of perennial springs in large areas with 

unsuitable topography and geological strata for the development of springs. Previous 

occupation was limited to wet-season dispersal determined by surface water, when 

elephants have a predominantly grass diet (De Villiers 1981). Present changes in the 

woody vegetation are the result of interference by man, who has provided artificial 

sources of water, and thus removed the impact of limited surface water on the 

distribution of obligate drinkers such as elephants. 

Changes in woody vegetation in conservation areas by elephants, as caused by the 

artificial provisioning of water, restriction of movements by fences, and the inability 

of elephant populations to respond quickly to changes in resource abundance, are used by 

Hanks, Densham, Smuts, Jooste, Joubert, Le Roux & Milstein (1981), Cumming (1981, 1983), 

Pienaar (1983) and De Vos, Bengis & Coetzee (1983) to justify interference management to 

stabilize elephant-vegetation interactions at some preconceived or subjective level. In 

Etosha National Park the effect of elephant density on vegetation is not as clear-cut as 

in other parks. Early arguments for population reduction by culling in Etosha National 

Park during the drought years of 1980-1983 were not based on observed structural changes 

in the vegetation caused by elephants, but on the potential for such changes. Once the 

worst effects of drought had passed, it became clear that elephants had a minor impact on 

the vegetation compared to other factors such as fire and frost, except on a few rare and 

highly susceptible tree species such as Albizia anthelminthica and Moringa ovalifolia  

(Nott 1986, pers. obs.). 

STUDY AREA 

The study was conducted from June 1983 to December 1987 in Etosha National Park 

(hereafter referred to as Etosha N.P. in the text), in South West Africa/Namibia. The 
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park is located in the transition area between three major biotic zones, the South West 

Arid, Namib Desert and Southern Savanna Woodland (Rautenbach 1978, Smithers 1983), and 

contains faunal, floristic and physiographic elements of all three zones. The park is 

within the tropic of Capricorn, with coordinates centering at 19°S 16°E (Fig. 1.1). 

Etosha N.P. is roughly rectangular and extends about 295 km east-west and 65-110 km 

north-south, encompassing an area of about 22270 km2  of which 5140 km2  are barren 

salt pans. 

Detailed descriptions of the physiography and history of Etosha N.P. are given in Bigalke 

(1961), Joubert (1971a), Berry (1980) and Le Roux (1980), but the following are of 

particular relevance to this study. The topography is largely uniform as the park is 

located on the southern edge of the regional Etosha basin in Kalahari beds of Tertiary to 

Recent age. Soils are predominantly composed of calcareous sand and calcrete gravel. 

The south-eastern edge of the park is rimmed by dolomite hills of the Otavi Group of the 

Damara sequence, which appear also on the western edge as a rim, along with the 

Khoabendus Group of metamorphic and volcanic series. 

The Etosha Pan is the lowest part of an endoreic drainage system, similar to other such 

systems in the Kalahari such as the Makgadikgadi in Botswana. Previous impressions of 

the Etosha Pan as a dying system due to stream capture of the Kunene River away 

from former links with the pan via the Ekuma River, have been refuted by Rust (1985). 

Any changes were likely due to climatic changes and not the fluvial history of any 

river. The Etosha Pan receives water from all directions with major drainage channels in 

the form of omurambas (dry rivers) and oshonas (shallow waterways) from the north and 

north-east. The pan, however, is usually dry. Minor floods occur during the rainy 

season, and largely originate from the Cuvelai system draining the highlands of Angola, 

via a complex series of undefined oshonas and several major omurambas of which the Ekuma 

River is the most important. 

Numerous seasonal and some perennial contact or water-table springs (fountains) occur on 

the southern edge of the Etosha Pan, as well as artesian springs further south (Fig. 

1.2). Contact springs also occur on the western edge of the basin, but only one is 

perennial at present (Okondethe, Fig. 1.2). The entire northern and central sections of 

the park and most of the west and south-east are therefore devoid of perennial surface 

water, but some 40 boreholes currently provide water to game on a rotation system. 

Etosha N.P. was completely fenced off in 1973, but only a few sections of the fence can 

be regarded as elephant-proof (Fig. 1.2). 
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Figure 1.1 	Camps (N), roads and firebreaks (—) in Etosha National Park, SWA/Namibia. 
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Surface water available to game in Etosha National Park during 1983-1988, and elephant-proof 

sections of the surrounding fence. (Squares denote position of rest camps; --- = elephant-proof 

cable fences; s = seasonal; d/s = dormant for at least one wet season since 1983). 
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Accounts of the local climate are available in Bigalke (1961), Berry (1980) and Le Roux, 

Grunow, Morris, Bredenkamp & Scheepers (1988). Three seasons are evident in Etosha N.P., 

namely the hot-wet season from January to April, cold-dry season from May to August, and 

the hot-dry season from September to December. Rainfall is strongly seasonal, with a 

single peak in February - March. No cyclical pattern is evident in the rainfall, as 

measured continuously at Okaukuejo since 1934, and over lesser periods at Namutoni, 

Halali, Ombika (Anderson Gate) and Otjovasandu (Fig. 1.3). There is a rainfall gradient 

from east to west, with Namutoni receiving an average of 442 mm per rainy season (n=26 

years) and Otjovasandu 316 mm (n=20 years). 

Rainfall at a given point varies dramatically between years, and also between points 

within the park, and can best be described as unpredictable. What became known as the 

Trans-African drought of the eighties had an early manifestation in Etosha N.P. in 1979 

and it has been dry ever since. 

The vegetation of Etosha N.P. is classified into four major zones: saline deserts with a 

dwarf savanna fringe, mopane (Colophospermum mopane) savanna, mountain savanna and 

karstveld, and tree savanna and woodlands (Giess 1971). The greater part of the park is 

covered by mopane savanna, which has been subdivided by Le Roux et al. (1988) into 16, 

and the rest of the park in a further 15 communities. Figure 1.4 illustrates a 

simplified classification of the vegetation of Etosha N.P., based on Le Roux (1980) and 

Le Roux et al. (1988). Various mopane associations comprise an area of approximately 

11800 km2
, or 69% of the total area excluding the saline pans. Mopane woodlands and 

mixed woodlands are generally tall in the east and in shrub form to the west, which Le 

Roux et al. (1988) ascribe to the rainfall gradient. Density and biomass of the various 

mopane associations seem to be strongly influenced by factors such as frost, fire, 

drought and outbreaks of larvae of the mopane moth Gonimbrasia bellina (pers. obs.). 

The only region regarded as over-utilized by ungulates in the 1950's when 50-60 elephants 

occurred in Etosha National Park, were the open plains on the fringe of the Etosha Pan 

(Schoeman, in Le Roux 1980). Bigalke (1961) in providing the first general ecological 

account of the Etosha N.P. made no mention of elephants or elephant-induced changes in 

the vegetation. Jaeger (1926) and earlier accounts of aspects of the vegetation by 

Schinz and other 19th century travellers (in Le Roux 1980), confirm that shrub mopane 

occurred throughout the west of the park, when no elephants were present. Giess (1970) 

furthermore attributed the height of mopane to the incidence of frosts. Nordenstam 
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Total rainfall per season (mm) and long term mean (± SE) rainfall per 

season in Etosha National Park measured at five stations on an east-west 

gradient. 
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(1970) and Joubert (1971a) mentioned the noticeable effects of elephant utilization on 

woody vegetation, particularly around some watering points. Le Roux (1979, 1980) in the 

first detailed account of the vegetation of Etosha N.P. attributed the "poor" condition 

of the plains to overgrazing, absence of fire and the effect of artificial watering 

points, yet referring only to the plains ungulates. De Villiers (1981) in the first 

study on elephants in Etosha N.P., found increasing signs of elephant damage throughout 

the park from 1976-1979. Mostly mopane trees were pushed over, but few trees died as the 

result. Localized tree damage was ascribed to periodic "over-concentration" of elephants 

in an area, and the elephant population was said to be below the carrying capacity of the 

park. De Villiers (1981) suggested that a drought would lead to over-utilization of the 

vegetation by elephants, but no signs of excessive utilization of any height class of 

mopane could be found in the area of the park with the highest concentration of elephants 

throughout the drought (Nott 1986). 

The only evidence of serious modifications in the woody vegetation by elephants in the 

period 1983-1988 was found around springs and boreholes throughout the park, in most 

cases restricted to a radius of about 2 km around each watering point (Nott 1986). Other 

far more significant changes in the vegetation were caused by fire, frost and drought, 

notably the change from a perennial to an annual grass cover in the extreme west of the 

park, and large-scale mortalities of several Acacia species (pers. obs.). 

In the colonization sequence of elephants in Etosha N.P., something intervened before 

modifications of the vegetation by elephants could spread beyond the immediate vicinity 

of watering points. The elephant population in Etosha N.P. is thus probably well below 

the ecological carrying capacity as determined by vegetation only, if subjectively 

indicated by the appearance of the woody stratum in the park. 

A complete survey of the mammals of Etosha N.P. has not been done, but regular censuses 

and distribution surveys of the larger herbivores have been undertaken since the late 

1960's. Long-term declines in Burchell's zebra (Eauus burchelli, following Meester, 

Rautenbach, Dippenaar & Baker 1986) and blue wildebeest (Connochaetes taurinus) have been 

ascribed to the effects of fencing, anthrax and predation, as summarized in Berry (1982a, 

b). Current studies are in progress on aspects of the ecology of black rhinoceros 

(Diceros bicornis), giraffe (Giraffa camelopardalis), black-faced impala (AeDyceros  

melampus petersi), lion (Panthera leo), kudu (Tragelaphus strepciseros), springbok 

(Antidorcas marsupialis), gemsbok (Orvx gazella) following earlier studies on black 

rhinoceros (Joubert 1971b) and blue wildebeest (Berry 1980). 
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HISTORY OF ELEPHANTS IN ETOSHA NATIONAL PARK 

Elephants occurred throughout SWA/Namibia north of the 20th parallel before the turn of 

the century, based on accounts of the 19th century travellers, but limited surface water 

and extensive hunting for ivory accounted for the impression that elephants were 

regionally uncommon (De Villiers & Kok 1984, Viljoen 1987). By 1900 elephants were 

already regarded as very scarce south of the Kunene River in Ovambo (Moeller 1899, Bryden 

1903), and the last herd of elephants within the confines of the present day Etosha N.P. 

was exterminated in 1881 (Fischer 1914). Elephants were regarded as absent from Etosha 

N.P. in a game survey by the game warden of the Namutoni Game Reserve in 1926, and 

Shortridge (1934) only encountered elephants in the Kaokoveld (600-1000) and reported 

small numbers in isolated parts of the Kavango, Outjo district and Ovambo. 

Apart from occasional vagrants visiting springs in the south (Gobaub and Ombika) (Anon. 

1946, Heck 1955), and west of the dolomite range near Otjovasandu, elephants were 

apparently absent from the park, and rare in Ovambo (Bigalke 1958) for about 70 years. 

The now invalid Loxodonta africana zukowski Strand 1924, or the Kaokoveld elephant, was 

described from Qoabendus (Khoabendus) about 5 km from Otjovasandu and inside the present 

Etosha N.P. (Shortridge 1934). Several bulls and small herds first recolonized the 

Halali and Namutoni areas in the 1950's, presumably from the Gobaub area, and 

subsequently also the rest of the park. During the 1960's, boreholes were developed in 

the dry west of the park, specifically to attract elephants into the park and solve 

elephant-farming conflicts in the Kaman jab and Out jo districts. This plan was 

successful, but almost two hundred elephants have been shot on border farms since the 

1970's. 

Elephants also recolonized the park from the east, possibly from the Mangetti region and 

Kavango, but it is not possible to identify discrete sub-populations in Etosha N.P. 

today, and recorded movements indicate the mixing of elephants from eastern and western 

origins (De Villiers 1981). The sub-populations defined in De Villiers (1981) were 

arbitrarily demarcated. Little has been recorded about the early years of 

recolonization, but elephants were less sedentary than at present, and only occurred in 

the park during the wet season. Tinley (1971) reported that large numbers of elephant 

moved between the Kaokoveld and Etosha N.P., but Owen-Smith (1972) found no evidence of 

annual migrations between the two regions. Elephants nevertheless move freely between 

Etosha N.P. and eastern Kaokoveld (Viljoen 1980, 1982a, 1987). Dispersal during the 

rainy season occurred towards the north-east, north, and west, much the same as at 
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present (Bigalke 1964, De Villiers 1981). The number of elephants remaining in the park 

during the wet season, however, gradually increased from year to year. Estimates of the 

number of elephants in Etosha N.P. based on aerial surveys indicate that the population 

present during the dry season increased from about 500 in 1967 to an estimated maximum of 

2800 elephants in 1983 (further detail in Chapter 2). The number of elephants present in 

the park during the wet season increased from 480 in 1973 to 1880 in 1979. In 30 years, 

the occupation of Etosha N.P. by elephants therefore changed from a small number of 

vagrants present during the wet season to a residential population numbering up to 1900, 

and a further 900 elephants present in the park during the dry season only. 

Elephants can still move freely between Etosha N.P., Ovambo, the Kaokoveld (a bioclimatic 

region comprising Kaokoland and Damaraland) and parts of Kavango (pers. obs.). The 

elephant population in Etosha N.P. is therefore best regarded as part of a larger 

population occurring throughout north-western SWA/Namibia, hereafter referred to as the 

regional population. The distribution of this regional population is not continuous and 

particularly the eastern and western limits are still uncertain. Only one group of 

elephants in north-western SWA/Namibia appear to be sufficiently isolated from the rest 

to warrant sub-population status, namely the "western population" of Viljoen (1980, 

1982a, 1987) occurring west of the 150 mm rainfall isohyet in the northern Namib desert. 

(The collective term used for elephants present in Etosha N.P. at any given time in this 

study is the population, an arbitrary delimitation following Caughley (1977a), without 

implying genetic integrity). 

Apart from a general description of the ecology of elephants in Etosha N.P. by De 

Villiers (1981) and De Villiers & Kok (1984), and brief summaries of distribution and 

status of elephants in Etosha N.P. by Bigalke (1958) and Joubert & Mostert (1975), only 

two publications deal specifically with elephants in Etosha N.P. Ebedes (1975) described 

the immobilization of elephants and Super (1975) conducted optometric examinations on 

elephants. Unpublished departmental reports on elephants prior to 1981 are summarized in 

De Villiers (1981), and with the reports from 1981 to 1988, are referred to in the 

appropriate section of this thesis. 

OBJECTIVES OF STUDY 

The management of the elephant "problem" in Etosha N.P. during the drought of 1980-1983 

was based on the following perceptions: 
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elephants (and other herbivores) would accelerate the desertification of western 

Etosha N.P. by denudation of the ground cover. 

elephants outcompete other species for the dwindling water supplies, which could 

stress the black rhinoceros and roan antelope (Hirmotragus equinus) populations in 

particular. 

elephants outcompete other species for food, presumably the other bulk removers such 

as Burchell's zebra and black rhinoceros. 

After the first temporary relief in the drought in 1984, no evidence for these effects 

could be found, and the resilience of the system was amply demonstrated by the rate of 

recovery of the vegetation in response to rain (pers. obs.). Furthermore, it has 

appeared since that: 

denudation of the mostly annual grass stratum in the sandy soils of western Etosha 

N.P. was an inevitable outcome of the drought and that some other bulk removers such 

as termites, Hartmann's (Eauus zebra hartmannae) and Burchell's zebras were 

responsible along with elephants. 

elephants dominate water supplies, potentially to the detriment of other species, 

although not a single mortality of any large herbivore species through lack of water 

was recorded inside Etosha N.P. during the drought. The water provisioning 

facilities in Etosha N.P. are currently being extended, which will eliminate this 

potentiarthreat in future. 

other than interference competition at watering points, elephants probably do not 

compete directly with other species, which all probably benefit from elephant feeding 

activities at current levels. During the drought springbok, gemsbok and the two 

zebra species fed almost exclusively on the principal food of elephants, namely shrub 

mopane (pers.obs.). Elephants could conceivably benefit other herbivores by reducing 

the height of mopane shrub. 

The recovery of the vegetation in 1984 and the absence of regional changes in the tree 

and shrub strata which could be ascribed to elephant over-abundance, suggested that the 

elephant population is in relative harmony with the vegetation in Etosha N.P. The 

subsequent decline in elephant numbers after the drought was therefore interpreted as 

being independent of carrying capacity considerations and caused by other factors. As 

the decline was contrary to predictions by local staff, and changes in abundance are 

difficult to describe in a small population dispersed over such a large area, this study 
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was designed to: 

determine the trend in population size , and 

determine the causes of this trend, including an assessment of the possible 

explanation of rapid breeding and decline after the carrying capacity had apparently 

been exceeded. 

This should be seen against the wider framework of a long-term project on aspects of the 

ecology of elephants in Etosha N.P. such as movements and vegetation interactions, in 

order to establish a management scheme that facilitates the attainment of the objectives 

set for the park. This study was originally planned to have a complement in a study on 

present trends in the woody vegetation in the park, with reference to the effect of 

elephants, fire and provisioning of water on plant species diversity. The latter is 

still outstanding, but remains a priority, as the present apparently stable 

elephant-vegetation system might be affected by radical and inescapable socio-political 

events. The trends in poaching of black- rhinoceros in Etosha N.P. may well force the 

erection of elephant-proof fencing on the northern boundary, with predictable 

consequences. This thesis can nevertheless be condensed to a single question 

what is, and which factors determine, the rate of increase of the elephant 

population? 

The description of the dynamics of a population can be found in a single equation. The 

quality of information used in the final synthesis, is however of absolute significance, 

and directly correlated with the accuracy of conclusions and predictions. 

This report therefore consists of two chapters examining the methodology of two crucial 

assessments in the demography of elephant populations, namely the estimation of 

population size and trend (Chapter 2), and age of individuals and age structure of the 

population (Chapter 3). Two subsequent chapters deal with evidence collected which 

describe additions and subtractions to population size through reproduction (Chapter 4) 

and mortalities (Chapter 5). The final chapter (Chapter 6) is an attempt to synthesize 

the preceding work into a unified and interactive format culminating in the modelling of 

population response to specific changes in key features. 

Implications for management of the Etosha N.P. elephant population based on this study 

are presented in Appendix 5. 
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CHAPTER 2 	 POPULATION SIZE AND CENSUS METHODS 

INTRODUCTION 

The general perception of elephant numbers in Etosha N.P. prior to this study was based 

on the study by De Villiers (1981, De Villiers & Kok 1984), aerial census estimates and 

unpublished departmental reports by Ebedes (1970), Joubert (1973), De Villiers (1978, 

1979), Berry (1980, 1982a, 1984a, b) and others. Three important findings applicable to 

the period 1970-1983 were that: 

Elephants were not evenly distributed throughout the park and equally abundant 

throughout the year. Concentrations of elephants occurred during the dry season 

around the perennial watering points along the 19th latitude area west of the Etosha 

Pan (Fig. 2.1) and the southern fringe of the Etosha Pan. From December each year, 

elephants dispersed away from the dry season concentration areas to the northern and 

southern parts of the park, depending on where it had rained first and the 

availability of ephemeral pools of water. Most elephants apparently dispersed 

northwards, even as far as the southern part of Ovambo, and the eastern part of 

Kaokoland (Viljoen 1982a, 1987). 

More elephants occurred in Etosha N.P. during the dry season than during the wet 

season. From the high incidence of fence crossings in November-December and again in 

May-June, it appeared as if the movements of elephants out of the park early in the 

rainy season, and back into the park at the start of the dry season, accounted for 

the observed difference in seasonal elephant densities. 

The number of elephants present in the park in both the wet and dry seasons increased 

from the 1950's to 1983. Census estimates of population size were available from 

1973, but were too infrequently done and based on different methods of censusing to 

allow inferences from the data other than a general population increase over this 

period. 
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This increase was ascribed to the breeding rate (Berry & Nott 1983), although it was 

known that elephants in Etosha N.P. were not confined to the park. Some 2000 Hartmann's 

zebra moved into the park during 1980-1982 (Berry I982a), but a similar influx of 

elephants accounting for the sudden increase in numbers from 1979 to 1983 was not 

considered possible. If large numbers of elephants had moved into the park during the 

drought, they would have occurred somewhere outside the park during the dry seasons of 

the previous few years. Less than 500 elephants were known to occur in the Kaokoveld by 

1979 (Viljoen 1980, 1982b, 1987) and could not have been the source of the approximately 

1500 elephants which were added to the Etosha N.P. population from 1979 to 1983. 

Estimates of elephant numbers in 1978 and 1983 respectively were 1300 and 2390-2800 (De 

Villiers 1978, Berry & Nott 1983). 

The maximum estimate of the number of elephants elsewhere in SWA/Namibia in the late 

1970's was 900, in the immediate vicinity of the Kunene River (Ruacana Falls area) in 

Ovambo, and the Okavango, Cuando, Zambezi, Linyanti and Chobe Rivers in Kavango and 

Caprivi (De Villiers 1981, De Villiers & Kok 1984). Virtually no surface water 

accessible to game occur away from these rivers in Kavango and Ovambo. 

The highest density of the human population in SWA/Namibia is found along the northern 

border of Ovambo and the Okavango River in Kavango (Van der Merwe 1983), in some of the 

most suitable parts of the region for elephants. The relict populations in Ovambo and 

Kavango could not have accounted for the increment of 1500 in the number of elephants in 

Etosha N.P. during the drought. No information was available on the number of elephants 

in war-torn southern Angola, or the movements of elephants across the Caprivi to and from 

Zambia and Botswana. 

The failure to account for the increase in numbers of elephants in Etosha N.P. from 1979 

to 1983 by comparing estimates from different regions is probably the result of 

inaccurate estimates of the number of elephants outside the park. Only the estimates 

from the Kaokoveld were based on aerial censuses (Viljoen 1980, 1982b). Access to large 

parts of Kaokoveld, Ovambo, Kavango and Caprivi was highly restricted due to the war 

against insurgents. It is also probable that the increase in the number of elephants in 

Etosha N.P. was exaggerated as the result of increasingly more efficient counting 

techniques used in the park. 

Elephants are one of the least problematic species to count, owing to their size, and 
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only Eltringham (1972) attempted to determine the confidence that can be placed in aerial 

censuses of elephants. Caughley (1974), however, shows that apparently satisfactory 

results can be interpreted quite differently, and identified major counting biases in 

Eltringham's (1972) data. 

The almost continuous increase in the number of elephants counted in Etosha N.P. from the 

first survey in 1967 until 1983, was the prime motivation for this study. I have 

undertaken six aerial censuses specifically designed to count elephants since 1983, each 

yielding consistently lower estimates of elephant numbers than other recent censuses in 

1982 and 1983. It was therefore necessary to determine the validity of the methods used 

in this study, as the same methods employed in earlier counts could not be used for 

logistical reasons. None of the aerial censuses in Etosha N.P. prior to this study were 

exactly similar, and no standard method has been adopted yet. 

The first census covering the entire Etosha N.P. was done in 1982 (Berry 1982a), but this 

census was so costly that it could only be repeated at two or three year intervals. 

Annual estimates and preferably seasonal estimates of population size were required from 

1983 onwards, as the elephant population was regarded as over-abundant and a policy of 

population control was adopted. A quick, cheap but nevertheless reliable method of 

counting elephants therefore had to be found. 

It is impossible to adjust previous census results for variation in the main sources of 

bias, such as transect width, altitude, time of day and area coverage, due to a lack of 

information on the methods followed in each census. The trend in elephant population 

growth described by censuses prior to this study therefore has to be accepted. The aim 

of this chapter is to test the validity of my own censuses and therefore the description 

of a general decline in elephant population size after 1983, which has important 

management implications. Rates of increase and decrease in population size are discussed 

in the final chapter. 

METHODS 

Aerial censuses in Etosha N.P. prior to this study were not standardized with regard to 
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area covered, aircraft used, timing, orientation of transects and counting blocks, due to 

mostly logistical problems. Censuses had to be done whenever an aircraft and funds were 

available simultaneously, and were as intensive as available time and funds allowed. 

Berry (1982a) proposed a standard census design, including the systematic coverage of the 

entire park using a helicopter and fixed-wing aircraft. Three such total counts have 

been done, in 1982, 1984 and 1987. Even these three censuses could not be done in 

exactly the same way, as for example, different aircraft were used each time and were 

more or less suitable for census work than others (Berry 1982a, 1984b, Lindeque & 

Lindeque 1987). These censuses cost approximately R63 600, R74 300 and R53 500 

respectively. The last one was cheaper due to the fact that the Directorate of Nature 

Conservation had by then obtained its own fixed-wing aircraft and did not have to hire 

one. 

A twin-seater fixed-wing aircraft (Piper Supercub) was available for this study and was 

used to obtain more frequent estimates of elephant numbers in Etosha N.P. Six censuses, 

referred to as the elephant censuses, were done at approximately four-month intervals, 

each costing approximately R8 000 for 90 hours of flying over 15 days. The duration of 

censuses was limited to 15 days to prevent counting any group more than once, due to 

local movements. The series of elephant censuses at four-month intervals was scheduled 

to continue until 1987, but could not be maintained after December 1985 as no pilot or 

aircraft was available. In the absence of an aircraft, rough estimates of elephant 

numbers were obtained from counts at waterholes, spoor and reports from rangers. 

The park was divided in two broad strata of shrubland and woodland, based on the 

structure and density of woody vegetation. Transect widths used were 2 km and 4 km in 

woodland and shrubland respectively, double the widths used in previous censuses. 

Transect widths were demarcated by strut markers and streamers, as described by 

Pennycuick & Western (1972). Woodland and shrubland were flown over at an altitude of 

90 m and 120 m respectively, conforming to previous censuses in Etosha N.P. and as used 

in East Africa (Norton-Griffiths 1978). Altitude was measured at the start of each 

transect, using a calibrated barometric aircraft altimeter and Pennycuick's (1973) 

shadowmeter. 

Elephants not in line with the predetermined flight path, but within the limits of the 

transect, were counted by flying towards them and circling overhead for as long as 

necessary. Transect lines were interrupted when such a herd was perpendicular to the 

transect line, and after the pilot had located a ground feature to relocate the point 

where the transect was deviated from. This approach ensured that all elephants sighted 
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were counted accurately. Total group sizes, numbers of adult bulls, adult cows, and 

calves less than approximately two years old were recorded, and the position of each herd 

plotted on a 1:100 000 map. Each breeding herd was photographed vertically at the 

designated transect altitude. 

Censuses in December 1983 and May and December 1984 were undertaken in blocks demarcated 

by distinct ground features (Fig. 2.1 A). Transects were flown across the long axis of a 

block, parallel to a conveniently staight side. In order to investigate census bias and 

a sample instead of a total type census, the flight pattern was modified in subsequent 

censuses. A double set of North-South transects were flown throughout the park (Fig. 2.1 

B) in three elephant censuses in 1985. 

The last census done in September 1987 was part of the regular monitoring program of all 

large mammals in Etosha N.P., and known concentration areas of plains ungulates were 

counted by helicopter (Bell Jet Ranger) and using 1 km transect widths as indicated in 

Fig. 2.1 C. The rest of the park was counted by fixed-wing aircraft (Maule Lunar 

Rocket), using the same altitude and transect orientation as in the elephant censuses in 

1985, and transect widths as shown in Fig. 2.1 C. 

A series of experimental transects of variable width and altitude were used in the May 

and August 1985 elephant censuses to determine the effect of these variables on apparent 

elephant density. 

RESULTS AND DISCUSSION 

Elephant numbers in Etosha National Park. 

Table 2.1 presents estimates of the number of elephants in Etosha N.P. from aerial game 

distribution surveys by Tinley (1966), Ebedes (1970) and Joubert (1973). These surveys 

were not intended as censuses and did not cover the entire distribution area of elephants 

in the park. The first total aerial census of elephants and other large mammals in 

September 1973 (Joubert 1973) when 1293 elephants were counted, can be regarded as the 

first accurate estimate of population size. From 1973 the number of elephants in Etosha 

N.P. in the dry season increased from about 1300 to 2800 in 1983 (Table 2.2). The next 

scheduled total census after the start of the present study would have been done in 

either September 1984 or 1985, but more frequent estimates of population size were 
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Figure 2.1 Census blocks in Etosha National Park illustrating the approximate 

orientation and number of transects in aerial censuses of elephants done in 

1983 and 1984 in A; a double set of North-South transects used in censuses 

in 1985 in B; and transects used in the 1987 census in C. (Transect widths 

are given in km; 1 km transects were flown by helicopter, all others by 

fixed-wing aircraft). 
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Table 2.1 
	

Estimates of the number of elephants in Etosha National Park from aerial 

game distribution surveys of known concentration areas. Data from Tinley 

(1966), Ebedes (1970) and Joubert (1973). 

YEAR MONTH 	AREA OF PARK COVERED 	NO. OF 

ELEPHANTS 

COUNTED 

1966 

1967 

March 

March 

Central, 

Central 

East 1 

123 

1968 September 8km radius around all waterholes 301 

1969 April Concentrations in Central, East 64 

1970 February Central, East 494 

1970 November Central 116 

1971 February Central 124 

1972 March Central 447 

1972 April Central 547 

1972 June Central 433 

1972 July Central, East, West 419 

1972 September Central, East, West 863 

1972 October Central, East, West 686 

1973 February Central, East, West 292 

1973 March Central, East, West 477 

1973 April Central, East 81 

1973 June Central, West 715 
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