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Genetical control of Anophh garnbtie * 

bY 

G. DAVIDSON, D. SC. ** 

Insecticides are now losing some of their popularity as a means of control of 
insect pests because of their toxicity hnzards vis-k-vis mari and his environment (this 
rnight be termed the resistan,ce of mari to the long-terni contamination of his surroun- 
dings), and becnuse of the ready abilitp of the insects themselves to derelop resistance. 
Biological control methods are now b&ng considere,d and in partkular those methods 
involving the introduction of sterile or inc.ompatible males. The eradication of the 
screw-worm fiy by the large-scale release of insects sterilized by esposure to irradiation 
has already been achieved orer wide areas (BAUMHOVER et cd., 1955 ; RNIPLING, 1960). 
More re,cently, a preliminary small-scale attem.pt to eradicate a population of Czzlez 
pipiens fatigans from a village in Burma by introducing the males of an incompatible 
strain was completely successful (LAVEN, 1967). 

In the Anopheles grrmbiae complex (DAVIMON et aZ., 1967), we bave the oppor- 
tunity to malre use of the sterile males produced by crossing the member species. This 
complex consists of at least five sibling species : two Salt-wnter forms from East and 
West Africa resprctively, viz. A. merus and A. melas, and three fresh-water forms, 
species A, B and C. Crossing any two of these five species produces what appears to be 
a normal healthy F, generation even showing evidence of hybrid vigour but in whkh 
lhe male is sterile. The tests show varying abnormalities in the process of spermato- 
genesis depending on the parent species involred in the c.ross. 

The addition of these males in varying proportions to cages containing normal 
males and females has resulted in a significant ,depression of the number of females 
subsequently Iaying fertile eggs. Table 1 summarizes a11 the laboratory results from 
these adult additions. The actual spccjes involved were species A and B and hybrid 
males from crosses between spec.ies A and d. melns, species B and A. mclcv and species 
B and il. merns. A c.omparison of expected and açtual results shows that under cage 
conditions, at any rate. hybrid vigour expresses itself as an increased mating ability as 
well as in other forms such as bigger size and increased longevity. 

Certain crosses between member spedes of the rl. gnmbine comples, in particular 
those between spec.ies A and B males and A. melas or A. merrrs femates result in an FI 
generation almost entirely composcd of males, which again arc sterile. This presents 
a very c.onrenient way therefore of introducin, c the sterile males in the field - not in 
the adult stage where a Itnowledge of when and where to release these males, as well as 
the ne,cessity of having to rear them to this stage, would be kequired - but as eggs 
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TABLE 1 
The effect on the fecundity of the females of adding sterile male adults to cages 

containing .normal males and females. 

0 
1/4 
11.2 

1 
2 
3 
4 

Actual male proportions Ovipositions 

Sterile Normal Total 
% Expected 

Hatching % 

1 308 89 
1 132 70 
1 133 52 
1 339 34 
1 362 23 
1 179 17 
1 133 17 

71 
59 
45 
29 

1 

22 
18 

into the breeding place with the knowledge that the larvae will gros alongsicle the 
normal ones and the adults will emerge with the normal. This has been simulated in 
the laboratory by adding first-stage larvae frorn such crosses in Irnown proportions to 
larval-reasing bowls containing normal first -stage Iarvae. The mixecl larvae have 
been reared together to the adult stage and these adults left together in cages 
for, a few dnys. The females have then been fed on blood and tubed indivi- 
dually to see if they laid sterile or fertile eggs. Table 2 sum.marizes a11 the results 
frbm six series of such larval seeding experiments. The crosses involved were again 

TABLE 2 

The effect on the fecundity of the females of adding first-stage hybrid larvae 
(known to produce mostly males which are sterile) to bowls containing normal 

first-stage larvae and rearing through to the adult stage 

Expected male 
proportions 

Sterile 
I 

Normal 

0 1 592 
1 1 

1 I 
432 

2 928 
4 1 I 206 

Ovipositions 

Total 
I 

% 
Hatching 

85 
48 
39 
26 

Expected 
% 

43 
28 
17 

between species A nnd B and A. melas, nnd species B and A. merus. The results again 
show significant changes in the percentage of fertile ovipositions caused by the presence 
of sterile males, but these changes are not as great as in the adult series of experiments. 
The reason for this is to be found in the occurrence of varying proportions of hybrid 
females Cwhich are normal reproductively) in the F, generation. 

Three of the six series of larval seeding experiments were studied in more 
detail than the others. The percentages of fertile ouipositions from these three are 
given in Table 3 from which it cari be seen that series IT was the most successful. A 
count of samples of the F1 generation used in this series showed 16 yO of 1,259 indivi- 
duals tvere females. Tn the other two series the percentage was considerably higher - 
in %,eries III 35 YO of 1,517 individuals were female. 
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TABLE 3 

The fecundity results of three series of larval-seeding experiments 

Series Normal 
strain 

1 
II ::::: 

III . . . . . 

Pala (A) 
Pala (A) 
Matemma (B) 

Hybrid 

Pala (A) $ x imelas ? 
Kane (B) $ x zntelas ? 
Matemma (B) $ x )me- 

rus ? 

Intended proportions of sterile : 
normal males 

0,: 1 I 1 :i 1 2:1 I 4:1 
Percentages of ovipositions 

hatching 
97 81 60 
87 38 31 1.9 
78 49 43 41 

In these three series, when the females were tubed for ovipositions, the males 
were dissected and classified as sterile or normal from the aI1pearanc.e of their testes. 
The actual final ratios of sterile to normal males compared with the intended proportions 
are shown in Table 4. Some of the differences betmeen the actual and expected propor- 
tions cari be explained by the occ.urre,nce of hybrid females in the F, generation but where 
the expected ratio is higher than the intended as enhanced survival of the hybrid male 
is indicated. This is well illustrated in series II an accounts for the enhanced success 

TABLE 4 
Intended and actual final proportions of sterile to normal males (as determined 

by dissection) in the three series of larval-seeding experiments of Table 3 

Series 
Tntended proportion Actual final proportion 

Sterile Normal Sierile Normal 

1 . . . . . . . . . . . . 
2 : 

O,GS 
231 : 

II . . . . . . . . . . . . 
2 

1 0.99 1 
2,66 

4 : 4,31 : 
III . . . . . . . . . . . . 

i : 
0,89 
1,35 -: 

4 1 2,69 1 

TOLE 5 

The effect of adverse rearinç on the final ration 
of sterile to normal males 

Adult yield . . . . . . . . 
Adult survival . . . . . 
Final ratio of ste- 

rile : normal ma- 
les . . . . . . . . . . . . . 

Series II 
2 : 1 ratio 

Normal rearing Adverse 
rearing 

85 1% 167 70 
74 $7 57 7; 

1,81 : 1 3,05 : 1 
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of this series. In most of the experiments from which the results in Table 4 are derived, 
yields of adults from first-instar larrae and the subsequent survivals of the emerging 
adults were high. Attempts to deliberately produce lower yields and lower survivals 
by poor larval feeding and by breeding in water without vegetation were only partially 
suocessful. Most of SUC.~ experiments, particularly in series II, however, did result in 
an increase in the proportion of sterile lo normal males indicating that the sterile male 
survives better than the normal under adverse conditions. Actual figures in series II 
using an intended ratio of two sterile males to one normal are shown in Table 5. 

Dissections of males immediately after emergence showed that this increased 
ratio of ster.ile to normal males was in part due to differing survivals in the larval stage 
as is borne out by the figures in Table 6. 

TOLE 6 

The effect of adverse rearing 
on the ratio of sterile to normal males 
as determined immediately on emergence 

Series II 
2 : ratio 

Adverse rearing 
Adult yield . . . . . 71 % 
Ratio of sterile : 3,47 : 1 
fertile males 

As a result of these experiments it is intended to use the hybrid produced by 
crossing species B males from Kane, Nigeria with 8. melas females from Harbel, Liberia 
to attempt to eradicate a population of species A in the village of Pala, near Bobo Diou- 
lasso, Upper Volta in the latter part of 1968. This field tria1 is primarily designed to 
find out if the sterile males compete with normal males under natural, as distinct from 
cage, c.onditions. 
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