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Insecticide susceptibility in 
the South African malaria 
mosquito Anopheles 
arabiensis (Diptera: Culicidae) 

A. Gerickea
, J.M. Govereat and D.N. Durrheimb 

Despite a century of insecticide use in agriculture and public health 
in South Africa, no insecticide susceptibility data exist for the 

malaria mosquito Anopheles arabiensis in South Africa. Biochemi

cal assays and insecticide susceptibility tests were used to provide 

baseline data on DDT, deltamethrin, fenitrothion and propoxur 

susceptibility in field populations of An. arabiensis sampled from 

three areas, Mamfene, Thomo and Malahlapanga, South Africa, 

from March to May 1996. Mamfene and Thomo had been exposed 

for decades to heavy insecticide use for agricultural purposes and 

for malaria vector control, respectively. Malahlapanga.had not been 

exposed to insecticide use and acted as a control. Mosquitoes from 

the three areas demonstrated complete susceptibility on standard 

testing, except for those from Thomo, which showed 75.1 % mortal

ity on one-hour exposure to 0.1 % propoxur. The results of the 

biochemical assays showed no elevation of enzyme levels/activity 

for acetylcholinesterase, non-specific esterases or glutathion-s

transferase. Sensitivity to all the insecticides suggested no hetero

geneity within the mosquito populations. This study provides the 

first insecticide susceptibility and biochemical data for An. 

arabiensis in South Africa and should serve as the baseline against 

which to compare chemical resistance when choosing insecticides 

for malaria vector control. 

Introduction 
The growing resistance of mosquitoes to insecticides is a 

potentially serious challenge to malaria vector control. Follow
ing the discovery and general use of DDT and dieldrin for 
mosquito control in the 1940s, reports of resistance to these 
insecticides in target insects began to appear. Dieldrin, BHC and 
chlordane resistance in Anopheles gambiae from Nigeria was 
reported by Davidson.1 Further discovery of resistance to 
dieldrin and DDT in both An. gambiae and An. arabiensis was 
reported in Nigeria. 2

-4 The banning of DDT during the 1970s 
resulted in the use of other groups of insecticides such as 
pyrethroids, carbamates and organophosphates for malaria 
vector control and agricultural purposes in Africa. The first 
account of pyrethroid resistance in An. gambiae due to reduced 
target site sensitivity, arising from a single point mutation in the 
sodium channel gene and increased levels of detoxifying 
enzymes, came from West and East Africa 5-10 Recently, Anopheles 
jUl1estus, that was eradicated from South Africa as a result of the 
widespread use of DDT for indoor house spraying, re-appeared 
and was found to be pyrethroid resistant.]] 

The emergence and spread of insecticide resistance in malaria 
vectors threatens its contro]1"·13 and has necessitated resistance 
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detection techniques such as insecticide susceptibility tests, 
biochemical microplate assays, and molecular methods for 
monitoring resistance. H

-
17 Conventional dose-mortality (bio

assay) tests of resistance are based on insecticide susceptibility. 
However, such susceptibility tests on their own do not indicate 
underlying insecticide resistance mechanisms18 These are 
probed using biochemical and molecular assays in association 
with susceptibility results. 1S Despite decades of insecticide use in 
South Africa, both for agricultural and public health purposes, 
there is no information on possible resistance in An. arabiensis, 
the main malaria vector in South Africa, to insecticides used for 
malaria control. We compared biochemical assays and suscepti
bility tests to provide baseline data on An. arabiensis that may be 

. used when monitoring mosquito populations for insecticide 
resistance, and to complement the use of effective agents for 
malaria vector control in future. 

Methods and materials 
Study area. Mosquitoes were sampled from three areas, 

Mamfene (KwaZulu-Natal), Thomo (Limpopo, formerly North
ern Province) and Malahlapanga (Kruger National Park). The 
three areas represented sites where insecticides were never 
used (Malahlapanga), where they were employed for both 
agricultural purposes and malaria control (Mamfene), and 
where insecticides were used only for malaria control (Thomo). 
Malahlapanga, a geothermal spring in the central Kruger Na
tional Park, supports a pure perennial colony of An. arabiensis. 19 

The site is not accessible to tourists and the nearest human 
dwelling is about 12 km distant. Thomo is a rural area where 
DDT has been used against mosquitoes since 1946. In Mamfene, 
insecticides are liberally used for agricultural and malaria 
control purposes. 

Mosquito collection. Mosquitoes were sampled from the three 
study areas using direct landing catches, baited net traps and 
larval collection from March to May 1996, inclusive.20 Female 
adult mosquitoes belonging to the An. garnbiae complex were 
blood-fed and individually placed in breeding tubes, four days 
post-feeding, to lay eggs. Their progeny were kept separately 
and the parents were identified to species level using gel electro
phoresis 21-23 Adult An. arabiensis mosquitoes that emerged (FI 
generation) were used in the assays. 

Susceptibility tests. Four insecticides, DDT, deltamethrin, 
fenitrothion and propoxur, were investigated. Insecticide-im
pregnated papers and insecticide susceptibility kits from the 
WHO were used, and standard adult bioassay procedures were 
followed with minor modifications to the mosquito exposure 
period of one hour for fenitrothion assays2>l,25 Sugar-fed, 2-5-
day-old male and female An. arabiensis mosquitoes were exposed 
by tarsal contact to filter papers impregnated with 4% DDT; 
0.025% deltamethrin, 1 % fenitrothion and 0.1 % propoxur inside 
exposure tubes for one hour. One-hour and 24-hour post-expo
sure mortality counts were recorded. Each bioassay experiment 
comprised more than two replicates. Controls were exposed to 
untreated papers. 

Biochemical assays. Homogenates from individual mosquitoes 
were screened for non-specific esterase (NSE) and glutathione
s-transferase (G-S-T) enzyme activity, and to test the presence of 
altered acetylcholinesterase (AChE) in individual mosquitoes. 
Levels of mixed function oxidases 'were not assayed in this study. 
Single mosquitoes were homogenized in Eppendorf micro tubes 
after the removal of the abdomen (containing sugar water meal) 
with 100 ,I •. d of 0.05 M potassium phosphate buffer (pH 7.0) using 
a glass rod for each mosquito. Each homogenate was diluted to a 
final volume of 500 J.LI with the same buffer, transferred into 



206 South African Journal of Science 98, March/April 2002 Research letters 

Table 1 . F 1 progeny from families of Anopheles arabiensis mosquitoes reared from 
wild-caught females from Thomo, Mamfene and Malahlapanga. 

Area F, mosquitoes Total 

Male Female 

Thomo 393 498 891 
Mamfene 449 502 951 
Malahlapanga 385 842 1227 

microcentrifuge tubes and centrifuged at 8000 rpm for 10 
minutes. Aliquots of 25 J.Ll of the clear homogenate were then 
transferred by pipette into a microplate well. Reagents were 
added using a transfer plate that loaded all wells at once. 
Esterase activity was measured, as described by Brogdon and 
Dickson,]S in 25-fLl replicates of mosquito supernatant with the 
substrate ~-naphthyl acetate. Glutathione-s-transferase activity, 
that may confer DDT resistance when elevated, was measured, 
as described by Brogdon and Barber/6 in 20-fLI replicates of 
supernatant. Acetylcholinesterase activity, that confers 
propoxur and fenitrothion resistance, was measured as 
described by Brogdon and Barber. 27 The intensity of the chromo
ph ores was scanned by microphotometer at 550 nm (NSE), 
340 nm (G-S-T) and at L114 nm (AChE). 

Results 
In total, 106, 178 and 500 An. gambiae 5.1. female adult mosqui

toes were collected from Mamfene, Thomo and Malahlapanga, 
respectively. Using electrophoresis, 79.2% (84/106) and 97.8% 
(174/178) of the mosquitoes from Mamfene and Thomo respec
tively, were identified asAn. arabiensis. Anopheles quadriannulatus 
constituted the remainder of the An. gambiae s.l. mosquitoes 
caught from these two areas. All' the mosquitoes of the An. 
gambiae complex from Malahlapanga were identified as An. 
arabiensis, thus confirming the findings of Braack et a/.,]9 who re
ported a pure colony of An. arabiensis at the site. The family 
groups of An. arabiensis were reared in the insectary at 25°C and 
80% relative humidity. The eggs from wild parents did not hatch 
in synchrony, resulting in small numbers of F] adults of different 
family groups emerging each day. 

Table 1 shows the number of adult mosquitoes tested for insec
ticide resistance; 891, 951 and 1227 F1 An. arabiensis adult mosqui
toes were prod uced by females reared from wild -ca ught females 
from Thomo, Mamfene and Malahlapanga, respectively. Table 2 

shows the susceptibility of adult mosquitoes to the four in"secti
cides. The one-hour mortality of insects from the three areas 
exposed to 4% DDT and 0.025% deltamethl"in was more than 
90%, but less than 80% on 1 % fenitrothion and on 0.1 % propoxur 
in mosquitoes from Mamfene and Thomo. Tests with 0.1 % 
propoxur on subjects from Malahlapanga demonstrated a 
one-hour mortality of more than 90%. Fenitrothion exhibited 
slow insecticide activity as evidenced by the absence of mortality 
after one hour. There were no mosquito survivors from all three 
areas at the WHO discriminating dosage of DDT; deltamethrin 
and fenitrothion, 24 hours after exposure. There were also no 
survivors from Malahlapanga and Mamfene on 0.1 % propoxur. 
Howevel~ mosguitoes from Thomo exhibited some degree of 
resistance/tolerance to propoxur; 24-hour mortality in control 
mosquitoes was 6%. 

Figure 1 shows G-S-T AChE and NSE enzyme levels of An. 
ambicnsis mosquitoes from all three areas. The resistance thresh
old absorbance values for Guatemalan Anopheles albimanus, 
reported by Brogdon et al., '8 are shown in the same figure. 
Glutathione-s-transferases are involved in DDT resistance in 
mosquitoes, NSE in deltamethrin, and AChE and NSE in 
fenitrothion and propoxur resista11ce. 29 The maximum AChE, 
NSE and G-S-T absorbance values i11 mosquitoes from Mamfene 
were 0.1 (at 414 11m), 0.25 (at 550 nm) and 0.03 (at 340 nm); 0.12 (at 
414 nm), 0.3 (at 550 nm) and 0.02 (at 350 nm) from Thomo; and 
0.18 (at 414 nm), 0.3 (at 550 nm) 0.02 (at 320 nm) from 
Malahlapanga, respectively. The general enzyme activity levels 
were consistently low, with no significant difference in the 
activity spectra between areas (Kruskal Wallis test, P = 0.368). 

Discussion 
Malaria transmission is seasonal from October to May in 

Mpumalanga, Limpopo and KwaZulu-NataJ.3° The main ma
laria vector in the provinces at the time these tests were carried 
out was An. arabiensis, a member of the An. gmnbiae complex.3

] 

Large-scale use of DDT for malaria vector control began in 
1946 and was superseded by pyrethroids in 1995, 1996 and 
1998 in KwaZulu-Natal, Mpumalanga and Limpopo, respec
tively.32 Pyrethroids and other insecticides belonging to the two 
insecticide classes, organophosphates and carbamates, have 
been extensively used in agriculture for many decades in the 
three provinces. Widespread use of insecticides for agricultural 
purposes as well as antimalarial house spraying has been 

Table 2. Insecticide susceptibility of Anopileles arabiensis from Thomo, Mamfene and Malahlapanga and mortality rates following exposure to 4% DDT, 0.025% delta
methrin, 1 % fenitrothion and 0.1 % propoxur for one hour. Overall mortality recorded 1-h and 24-h post exposure. Each mortality rate represents a mean value of three or 
more replicates of 10 or more mosquitoes per test. 

Area Insecticide Replicates Number exposed Mortality aller 1-h exposure (%) Mortality alter 24-h exposure (%) Total mortality (%) 

Female Male Female Male Female Male 1 h 24 h 

Thomo 4% DDT 3 34 33 90.7 100 100 100 95.9 100 
0.025% del 3 20 12 95.0 100 100 100 96.2 100 
1%fenitro 5 59 32 0 0 100 100 0 100 
0.1% prop 5 49 44 23.8 35.0 77.2 72.9 29.4 75.1 

Control 3 46 34 0 0 2.1 8.6 2.1 6.1 

Mamfene 4% DDT 8 120 84 95.9 96.3 100 100 96.1 100 
0.025% del 4 46 37 95.7 95.8 100 100 95.8 100 
1%fenitro 6 55 49 0 0 100 100 0 100 
0.1% prop 5 63 41 87.3 68.3 100 100 79.8 100 

Control 3 41 39 NR NR 4.9 6.8 3.1 6.4 

Malahlap 4% DDT 6 99 28 100 100 100 100 100 100 
0.025% del 3 20 20 100 100 100 100 100 100 
1% fenitro 5 89 32 0 0 100 100 0 100 
0.1% prop 5 50 86 NR NR 100 100 94 100 

Control 11 45 35 NR NR 6.2 10.4 2.0 6.0 

Malahlap ;::. MalahJapanga, del:: deltamethrin, fenitro ::: lenitrothion, prop = propoxur, NR = not recorded. 
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Fig. 1. Enzyme assays of field Anopheles arabiensis adult mosquitoes from 
Thomo, Mamfene and Malahlapanga (Malahlap), as estimated by biochemical 
methods, March-May 1996. 

reported to result in the emergei1Ce of resistant strains of malaria 
vector mosquitoes. 12

,33 

The WHO bioassay kit is used to determine resistance in 
mosquitoes, but no information on resistance mechanisms is 
provided. 18 Biochemical tests are required to supplement and 
complement bioassay results, Hemmingway and Smith34 

reported that it is possible to detect the presence of an altered 
AChE type organosphosphate and carbamate resistance in 
individ ual insects using AChE assay. Brogdon et al. 2S de tected the 
presence of elevated non-specific esterase and insensitive AChE 
type of organophosphate and carbamate resistance in Guatema
lan An. albimanus and determined that the threshold absorbance 
values for An, albimanus were 0.5 (AChE), 0.9 (NSE), and 0,08 
(G-S-T), Mixed function oxidases may be involved in the detoxi
fication of almost all insecticides but are most notably associated 
with pyrethroid resistance. 3s

,36 In the present study the 
absorbance values from the three collection areas were low and 
there was no significant difference between the three areas, 
suggesting little or no heterogeneity within the mosquito popu
lations. The absorbance values for An. arabiensis were lower than 
the threshold values for An. albimanus but there are no support
ing data to confirm that the threshold absorbance values for 
An. albimanus are also applicable to An. arabiensis. 

The lack of survivors at the WHO discriminating dosage of 
DDT in mixed-age field collections of An. arabiensis mosquitoes 
must be interpreted with caution. Lines and Nassor37 concluded 
that significant mortalities of DDT-resistant An. gambiae adults 
occur at the discriminating dosage when they are more than five 
days old. These authors showed that, in 12-14-day-old DDT
resistant An. gambiae adults, mortality with 4% DDT was 92%. 
The samples of An. arabiensis adults used in our study were mix
tures of different ages due to non-synchrony in their emergence 
but were less than five days old. DDT resistance can be due to 
increased metabolism by a range of G-S-T values/9 and declines 
with increasing adult age in all insects,37 Biochemical tests with 
altered AChE and elevated NSE were not evident in our study, 
thus these insecticide resistance mechanisms appear to be 
absent, suggesting that An. arabiwsis in the three areas was 

susceptible to organophosphorus compunds, synthetic pyre
throids and carbamates. Mosquitoes from Thomo, however, 
showed tolerance/resistance to propoxur by bioassay test and 
further investigations are required to elucidate the mechanism 
involved. Other carbamates such as bendiocarb, which is used in 
malaria vector control, should also be tested on the Thomo mos
quito population. These first baseline data indicated no evidence 
of DDT, deltamethrin and fenitrothion resistance inAn, arabiensis 
in three localities, and no resistance to propoxur in two areas, 

The monitoring of insecticide resistance is crucial in 
programmes against malaria mosquitoes. As a result, this study 
is being extended to other southern African countries using new 
techniques and assaying for other enzyme systems such as 
mono-oxygenases. This programme, supported by the Multilat
eral Research Initiative on Malaria, aims to document the dish-i
bution and prevalence of insecticide resistance, and to explore 
underlying biochemical mechanisms in the malaria vectors 
where these might occur. 
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Received 29 September 2001. Accepted 10 January 2002. 

1. Davidson G. (1956). Insecticide resistance in Allopheles gambiae Giles. Nalure 178, 
705-706. 

2. Elliot R. (1956). Insecticide resistance in Allopheles gambiae Giles. Naiure 177, 
532-533. 

3. Brown AWA. and Pal R. (1971). Illsecticide Resis/ance ill Arthl'Opods, 2nd edn. 
WHO Monograph Series no. 38. World Health Organization, Geneva. 

4. Coetzee M., Horne D.WK., Brooke B.D. and Hunt R,B. (1999). DDT, dieldrin 
and pyrethroid insecticide resistance in the Alrican malaria vector mosquitoes: 
an historical review and the inlplications for future nlalaria control in the 
Southern African Subregion. S. Afl'· f. Sci. 95,215-218. 

5. Elissa N., Mouchet J., Riviere E, Meunier J.Y. and Yao K. (1993). Resistance of 
Allopheles gambiae 5S to pyrethroids in Cote d'Ivoire. Allnal. Soc. Belg. Med. y,·op. 
73,291-294. 

6. Martinez-Torres D., Chandre E, Williamson M.s., Darriet E, Berge J.B., 
Devonshire A.L., Guillet r, Pasteur N. and Pauron D. (1998). Molecular charac
terization of pyrethroid knockdown resistance (kdr) in the major malaria 
vectOl; Anopheles gambiae 5.5. Insect Malec. BioI. 7, 179-184. 

7. Chandre F., Darriet E, Manguin S., Brengues c., Carnevale r and Guillet r 
(1999) Pyrethroid cross resistance spectrum among populations of Anopheles 
gambiae s.s. from Cote d'Ivoire. J. Am. Mosq. ContI'. Assoc. 15,53-59. 

8. Brooke B.D., Hunt R.I-!., Koeke11l0er L.L., Dossou-Yovo J. and Coetzee M. 
(1999). Evaluation of a PCR assay for detection of pyrethroid insecticide resis
tance in the malaria vector species of the Anopheles gambiae complex (Diptera: 
Culicidae). J. Am. Mosq. Coni. Ass. 15, 565-568. 

·9. Vululu J.M., Beach R.E, Atieli EK., Mount D.L., Roberts J.M. and M wangu R. W 
(1999). Reduced susceptibility of Anopheles gall1biae to per11lethrin associated 
with the use of permethrin impregnated bed nets and curtains in Kenya. Med. 
Vet. Enlomol. 8,71-75. 

10. Ranson H., Jensen B., Vulule J.M., Wang X., Hemmingway J. and Collins EB. 
(2000). Identification of novel mutation in the voltage-gated sodium channel 
gene of Anopheles gambiae associated with resistance to pyrethroid insecticides. 
insect Malec. Bioi. 5,491-497. 

11. Hargreaves K., Koeke11loer L.L, Brook B.D., Hunt 1<..1-1., Mthembu J. and 
Coetzee M. (2000). Anopheles fll Ilesl115 is resistant to pyrethroid insecticides in 
South Africa. Med. Vel. Elllomol. 14, 181-189. 

12. Brown A.WA. (1986), Insecticide resistance in mosquitoes: a pragmatic review. 
]. An!. Mosq. COlliI'. Assoc. 2, 123-140. 

13. World Health Organization (1992). Vector resistance to pesticides. World Health 
Organizalion Technical Report Series, no. 88. Geneva. 

14. World Health Organization (1975). IvIanlial all Practical EntomologJj inlvlalaria. 
Geneva. 

15. Brogdon WG. and Dickson e.M. (1983). A microassay system for measuring 
esterase activity and protein concentration in small samples and in high-pres
sure liquid chromatography elute fractions. AmI. Biochem. 131,499-503. 

16. Field L.M., Crick S.E. and Devonshire A.L. (1996). Polymerase chain teac
tion-based identification of insecticide resistance genes and DNA methylation 
in the aphid Myws pel'sicae (Sulzer). Insecl klolec. Bioi. 5, 197-202. 

17. Brogdon WG. (1989) Biochemical resistance detection: an alternative to 
bioassay. Pnrasitol, Today 5, 56-60. 

IS. Brogdon WG. and McAllister J.e. (1998). Insecticide resistance and vector 
control. Emerging inj. Dis. 4, 605-613. 

19. Braack LE.o., Coetzee M., Hunt R.B., Biggs I-I., Cornel A. and Gericke A. 
(1994). Biting pattern and host-seeking behaviour of Anopheles arnbiel1sis 
(Diptera: Culicidae) in northeastern South Africa.]. med. EI1I011101. 31, 333-339. 



208 South African Journal of Science 98, March/April 2002 Research letters 

20. Service WM (1993). Mosquito Ecology: Field Sampling Methods. 2nd edn. Elsevier, 
Amsterdam. 

21. Mahon R.]., Green CA. and Hunt R.B. (1976). Diagnostic allozymes for routine 
identification of adults of the Anopheles gmnbiae complex (Diptera: Culicidae). 
Bull. Elltornol. Res. 66, 25-31. 

22. Miles 5.]. (1978). Enzyme variation in the Allopheles gambiae Giles group of 
species (Diptera: Culicidae). Bull. Ento]11ol. Res. 68,85-96. 

23. Miles S.]. (1979). A biochemical key to adult members of the Anopheles gambiae 
group of species (Diptera: Culicidae).]. med. Entomol. 15,297-299. 

24. World Health Organization (1981). Criteria 1l1Jd meaning of tests for determining 
the susceptibility or resistance of ill sects to insecticides. WHONBC/81.6. Geneva. 

25. World Health Organization (1998). Test procedures for insecticide resistance 
monitoring in malaria vectors, bio-efficacy and persistence of insecticides on 
treated surfaces. WHOICDSICPCIMAV98.12. Geneva. 

26. Brogdon w.G. and Barber A.M. (1990). Fenitrothion-deltamethrin cross-resis
tance conferred by esterase in Guatemalan Al10pheles albimal1us. Pest. Bioche11l. 
Physioi. 37, 130-139. 

27. Brogdon W.G. and Barber A.M. (1987).lvlicroplate as'ay of acetylcholinesterase 
inhibition kinetics in single homogenates. Pest. Biochell1. Physiol. 29,252-259. 

28. Brogdon WG., Beach R.E, Stewart J.M. and Castanaza L. (1988). Microplate 
assay analysis of the distribution of organophosphate and carbamate resis
tance in Guatemalan Allopheles albimallus. Bull. Wid Hith Org. 66,339-346. 

29. Hemmingway j,Makolm CA., Kissoon K.E., Boddington R.G., Curtis CE and 

A common thread of humankind 

Humanity from African Naissance to Coming Millennia. Edited by 
P.V. Tobias, MA Raath, J. Moggi-Cecchi and GA Doyle. Pp.409. 
Firenze University Press and Witwatersrand University Press: 2001. 
R280. 

This book is the product of a conference on human origins and 
human biology held in Sun City, South Africa, in late June and early 
July of 1998, with delegates from 70 countries. This 'Dual Congress' 
brought together two professional bodies: the International Associa
tion for the Study of Human Palaeontology and the international 
Association of Human Biologists. 

In the Foreword, c.K. Brain (honorary presldent of the Dual 
Congress) writes, 'In all respects, the Dlial Congress reflected in this 
volume was a milestone occasion for South Africa and for international 
science a t large'. In the Preface, Phillip Tobias states furthel; in phrasing 
that gives the volume its title: 'This book goes out to the world of 
human biology and palaeoanthropology from the continent which 
gave birth to its humanity, its African Naissance, at the turn of the 
millennium, after five thousand millennia of humanity as we stand 
poised before many Coming Millennia'·. 

More thai1 50 contributors cover topics from each of 18 colloquia, 
relating to human biology, the emergence and evolutiorl of Homo, early 
modern humans, dating, taxonomy, palaeodiet ai1d the brain. The con
tributors include scientists from the Gondwanan regions of Africa 
(Cape Town, Pretoria, Johannesburg), South Ame~ica (Santiago and 
.sao Paulo), Australia (Canberra and Melbourne) and New Zealand 
(Palmers ton North); and from the northern components of Pangaea, 
including Europe (Ferrara, Florence, Hamburg, London, Moscow, 
Madrid, Palma de Mallorca, Paris,Poitiers, Poznan, Rome, Warsaw, 
Zurich), the United States (Arkansas, Atlanta, Baltimore, Detroit, 
Florida, New York, Michigan, Philadelphia and Washington DC), 
Canada (Ontario), Mexico (Merida) and Asia (Bandllng in Indonesia, 
Nanjing in China, Pune in India, and Hayama Kanagawa in Japan). 

IntrodUCing the volume is the 8th Robert Broom Memorial lecture 
entitled 'Conversion in palaeoanthropology: The role of Robert Broom; 
Sterkfontein and other factors in australopithecine acceptance' by 
Tobias. 'Conversion' in this instance relates to Broom's role in convert
ing scepticism into acceptance of Australopithecus ajrical1us, first 
described by RaynlOnd Dart as a primate 'on the way' to becoming 
human. 

Topics in the field of human biology il'lclude adaptation of human 
populations and' their niches in time and space' (Wolanski), 
'anthropo-ecological' research in Asia (Alexeeva), human ecology and 
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culture (Piontek), relationships between fertility,mortality and subsis
tence (Sellen), and family structure and development (Siniarska and 
Wolanski). 

Papers in the field of palaeoanthropology indude those concerning 
new discoveries of an australopithecine from Chad (Brunel), dental 
development in Austm~opithecus african us (Moggi-Cecchi), th.e. dis-· 
persal of early Homo (Anton, Aziz, Zaim), the diversity of this genus 
(Grine, Manzi, Wood and Collard), the origin(s) of eai'lyhu111ims 
(Brauer, Chase, H.J. Deacon, Misra and Rightmire); catastrophicmor
tality of hominins from Atapuerca and Krapina (Bocquet-Appel and· 
Arsuaga), and other analyses bf middle or late Pleistocene samples 
from Eurasia (Jelinek, Kennedy and Peretto). 

Developments in dating techniques, and the application of these 
techniques to address problems relating to the chronology. of human 
evolution, are discussed in papers by Roberts, Rhys Jones, Schwartz, 
Shen and Vogel. Issues concerning taxonomy and systematics (Cela
Conde, Goodman, Czelusniak, Page, Meireles, Groves, Takahaa, 
Watson, EasteaJ and Penny) reflect the diversity of opinions expressed 
by anthropologists working in the separate but closely related fields of 
palaeoanthropology and human genetics. 

Palaeodiets of Plio-Pleistocene hominins are discussed in the context 
of chemical analyses (Lee-Thorp and SiUen), with spe~ial reference to 
stable carbon isotopes and strontium-calcium ratios. Parkington en1c 
phasizes the importance of the consumption of long-chain polyunsat
w'ated fatty acids as a factor contributing to the expansion of the brain 
in human evolution, with special reference to the exploitation of 
marine food resources. Ungar and Teaford discuss dental features of 
extant pongids and Plio-Pleistocene hominids, focusing on micro-hab
itat variability rather than global cooling as a key factor contributing to 
palaeodietarychanges. 

This volume is a useful addition to the shelves of researchers with 
interests in the spectrum of subjects that inform palaeoanthropology 
and human biology. It is the tangible outcome of a meeting which, 
thanks to the efforts of Henry de Lumley (president of the Interna
tional Association for the Study of Human Palaeontology) and Tobias 
(preSident of the International Association of Human Biologists), ga·ve 
a much-needed opportunity for palaeoantlu'opologists (with special 
interests in a diversity of Plio-Pleistocene hominin species) and.biolo
gists (with special interests in the species Homo sapiens) to convene in 
South Africa, in circumstances that allowed scholars of all colours and 
creeds to talk together, work togethel; and even (on occasion) to sing. 
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