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ABSTRACT 

The strain of Culex pipiens fatigans was constructed using Paris 
cytoplasm and genome of a strain from Freetown (Sierra Leone) and 
designated as 03. It showed bi-directional incompatibility with the 
majority type of C. p. fatigans from Delhi, India. The strain, despite 
replacement of the Paris genome with that of a tropical genome, was 
found not to be fully adapted to the ambient conditions of the area. 
It differed in several characteristics from the indigenous Delhi strain. 
Results of these studies suggest that the best way to obtain a satis
factory strain for a genetiC control programme using the cytoplasmic 
incompatibility principle in any given ecology is to replace the genome 
with that of the native strain which has evolved in that environment. 

INTRODUCTION 

INDEX!::; 

The naturally occurring phenomenon of cytoplasmic incompatibility in the Culex p1p1ens 
complex was extensively studied by Laven. l He has shown that for many natural populations 
of the complex, suitable strains can be found which have bidirectional incompatibility and 
also that desirable traits controlled by chromosomal genes can be introduced into such an 
incompatible strain without changing its cytoplasmic character. 2 Such a strain, incompatible 
with C. p. fatigans strains from Burma, was prepared by Laven2 using a cytoplasm from a 
Paris strain and the genome of a strain from Fresno, California. This cytoplasm genome 
combination was designated as Dl strain. Subsequently, this strain was used for successful 
suppression of a C. p. fatigans population in a field release experiment at Okpo, Burma. 2 

Following this work, a strain of C. p. fatigans, designated as 03, was developed at the WHO 
Reference Centre for Culex mosquitos, Mainz, West Germany in 1969, which contained the cytoplasm 
of the C. pipiens of Paris but the genome of C. p. fatigans of Freetown, Sierra Leone. 
This strain has bidirectional incompatibility with the majority cytoplasmic type of the Delhi 
(De) strain of C. p. fatigans from New Delhi, India (Krishnamurthy & Laven, 1974).3,4 
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As the D3 strain has cytoplasm and genome which is foreign to the Delhi environment a 
detailed study of the characteristics of the strain, i.e. viability,insemination capacity, 
mating age, and mating competitiveness of the males was necessary before considering it for 
use as a genetic control agent in this area. Such studies, both in the laboratory and in 
field cage experiments were carried out between September 1971 and July 1972. Comparison 
of this strain with the native Delhi strain of C. p. fatigans maintained at the WHOjICMR 
Research Unit for Genetic Control of Mosquitos, New Delhi was also made, The results of 
these investigations are presented. 

MATERIALS AND METHODS 

1. General proc~dures 

TheD3 strain had been developed by insertion of the Freetown genome into Paris cytoplasm 
through a" series of backcrosses. The Freetown strain was the recurrent male parent so that 
Paris cytoplasm was transmitted down the female line. 

The methods and techniques employed by Sharma et ale (1972)5 for evaluation of chemosteri
lized mosquitos were used in evaluating the various characteristics of the strain except for 
rearing and holding procedures. Adults were kept in nylon net cages measuring 30 x 25 x 20 cm. 
Egg rafts were obtained from females fed on one-day-old chicks. 

For small scale studies, egg rafts were allowed to hatch singly in plastic tubes and the 
larvae subsequently cultured separately in small enamel basins (25 cm diameter). Larvae were 
fed with a mixture of dog-biscuits and yeast, finely powdered and filtered through muslin 
cloth. Water in the larval cultures was changed on alternate days. 

For large scale rearing of the strain, the technique developed at the WHOjICMR Research 
Unit, for mass rearing of C. p. fatigans6 was used with suitable adjustments in the temperature 
of the larval rearing room, i.e. 29+l"C instead of 3l+l"C and enamel instead of plastic trays. 
The temperature of the larval reari~g room had to be held at 29~loC so as to obtain optimum 
results from the mass rearing procedure with this strain. The water change schedule recommended 
by Singh et al. 6 was used and the adult colonies were held in the standard colony used in this 
Unit. Blood for the fe~ales was provided by offering medium sized chickens (about 1-1.5 kg). 

, 

2. Detailed procedures 

For clarity in presentation of these results a brief description of the procedures used 
is enumerated as integral part of the results reported for each character studied. 

EXPERIMENTAL RESULTS 

1. Viability 

The D3 strain was cultUred both as single raft culture and later on a large scale with 
an output up to 76 000 pupae per day. 

In single raft cultures the pupal yield varied between 90 and 95% of the input of hatched 
eggs whereas in large rearing the yield was reduced to 80-86%. 

As the pupae of D3 strain were slightly larger than tho~e of the Delhi strain, the grids 
used for separation of the sexes (Sharma et al., 1972b)1 were of a wider gauge than 
required for the Delhi strain. The adults also were observed to be slightly larger. 

The ratio of males to female among the emerging adults of the D3 strain was 1:0.9. 
Females readily fed on one-day-old chicks or chickens and laid rafts whose mean number of 
eggs was 180 (out of 210 rafts examined), with a variation in numbers per raft between 160 
and 320. 
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(a) The inseminating ability of D3 males versus Delhi males was checked by caging single 
males with 10 virgin Delhi females in 30 cm cube cages. After five days the spermathecae 
were checked for insemination with the following results (Table 1): 

TABLE 1. 

No. of 
Males repli-

cates 

Test (a) Single 

D3 5 

Delhi 3 

COMPARISON OF INSEMINATION ABILITY OF THE D3 MALE AND 
DELHI STRAIN MALE IN LABORATORY CAGES 

No. of 
No. of % Average No. 

Total females 
No. of females females of females 

No. of checked 
females insemi- insemi- inseminated 

males for 
nated nated per male 

sperms 

males 

5 50 44 22 50.0 4.4 

3 30 26 14 53.8 4.7 

Test (b) MultiEle males 

D3 5 50 300 160 123 76.8 2.46 

Delhi 5 50 300 165 118 71.5 2.36 

The experiments with single males and groups of males indicated very similar inseminating 
ability of D3 and Delhi males. 

(b) A second series of experiments were carried out independently (unpublished data, Sharma, 
V. P., WHo/rCMR Unit on Genetic Control of Mosquitos). In these tests, groups of 10 D3 
or Delhi males were caged with 60 virgin females. The spermathecae of a sample of the 
females were checked after five days for sperms. The data are presented below. 

3 • Ma Hng age 

The age of which the D3 males were ready to mate, as compared to the Delhi strain, was 
determined as follows: 10 males of D3 or Delhi were caged over night with 10 virgin Delhi 
females and the spermathecae checked for sperms the following day. Males of age groupings 
of 12-14, 24-36 and 48 or more hours old after eclosion were used and each test was replicated 
twice from the results obtained (Table 2), it appears that D3 males are ready to mate somewhat 
later than the Delhi males. 

-
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TABLE 2. COMPARISON OF AGES FOR EFFECTIVE MATINGS OF THE D3 MALES 
AND DELHI STRAIN MALES 

D3 Delhi 

Age range 
No. of % No. of % 

of males No. of 
females 

No. of 
females positive positive 

in hours females 
positive for 

females 
positive for 

checked checked 
for sperms sperms for sperms sperms 

12-24 16 0 0.0 17 0 0.0 

24-36 17 2 11.7 17 9 52.9 

48 or more 17 15 88.2 17 17 100.0 

4. Longevity 

(a) Laboratory tests One hundred D3 males were held in cages (15 x 20 x 25 cm), either 
alone or with an equal number of females at 30+1 o C. Delhi males were similarly held in 
cages for comparison.~ The mosquitos in all cages were offered 1.0% glucose solution on 
cotton pads. The mortality of males was recorded at five day intervals. Each test was 
replicated five times. Results are summarized in Table 3 as cUmulative mortalities. 

(b) In outdoor tests Forty-eight hour old D3 a.nd Delhi males, 150 each. were caged 
separately in 30 cm cubical cloth cages. Cages were held outdoors in a larger field cage 
for a period of 30 days. The males were provided with raisins, water and sugar solution. 
During the period of observations (November-December) the daily temperature ranged from 
a maximum of 26°C to a minimum of 12.5·C. 

There was a considerably lower daily mortality rate under these conditions than in the 
laboratory. however, the difference between the two strains was again apparent. 

TABLE 3. COMPARATIVE LONGEVITY OF D3 AND DELHI MALES HELD IN CAGES 
IN THE LABORATORY AND OUTDOORS. MORTALITY EXPRESSED AS 
CUMULATIVE PERCENTAGE MORTALITY PER FIVE DAY INTERVAL 

No. 
Days 

Strain 
males 

1-5 6-10 11-15 16-20 21-25 26-30 31-35 

Test (a) Laborator;r 

Males only 

D3 100 9 16 29 l 48 
63 81 99 

Delhi 100 2 5 7 

eld

B 14 27 74 

Males with females 

D3 100 5 11 24 40 57 74 95 
Delhi 100 4 6 7 9 12 18 36 

I 
Test (b) Outdoor cages 

D3 150 2.0 6.4 B.8 10.5 14.6 16.9 
Delhi 150 0.6 2.2 3.9 5.2 9.7 12.6 

~ These tests were carried out independent of the authors work (unpublished data, 
Sharma, V. P., WHO/leMR Research Unit on Genetic Control of Mosquitos). 

I 
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(a) In laboratory tests at standard temperatures (29~1·C): the mating competitiveness of 
D3 males versus normal Delhi males was evaluated for Delhi females at ratios 1:1, 3:1 and 
5:1. D3 and Delhi males, 36-48 hours old were caged in 30 cm cube cages with virgin 24-36-
hours-old Delhi females and held for five days. Females were offered a blood meal and held 
for oviposition. All egg rafts were checked for hatchability. Those egg rafts which did 
not hatch were checked for embryonation to distinguish cases of incompatible matings from 
unembryonatedrafts (which were excluded from the data assuming they were unfertilized). 

Mating competitiveness of D3 males in the laboratory cages as shown in Table 4 did not 
differ significantly from that of the Delhi males. 

(b) Tests under ambient conditions of low temperatures (ll·C to 18·C) were carried out as 
follows: males of the D3 and Delhi strains (36-48 hours old) were caged in one foot cube 
cages with 24-hours-old virgin Delhi females and held for five days under ambient conditions. 
Night temperatures during these tests (November and December) ranged between 11.0·C and 18.0·C. 
Females were offered a blood meal and egg rafts obtained. All egg rafts were checked for 
embryonation and hatchability. Results were as follows. 

Under winter conditions D3 males showed satisfactory mating competitiveness compared 
with Delhi males and in one ratio, D3 was significantly superior. 

TABLE 4. COMPARISON OF MATING COMPETITIVENESS OF THE D3 VERSUS DELHI 
STRAIN MALES UNDER CONSTANT LABORATORY AND LOW AMBIENT TEMPERATURES 

No. of incompatible 
Males Females rafts 

Total No,. 2 
of egg X 

Ratio numbers rafts 
Expecte~ 

Delhi (with 
Observed 

D3:Delhi D3:Delhi 
normal equal 

competition) 

~est (a) Laboratory tests at 29+1·C 

Experimental 1:1 150: 150 150 98 49 43 1.2.3. 
(n.s.)~ 

3:1 450: 150 150 78 58.5 55 0.61 
(n.s.)~ 

5:1 750: 150 150 62 51.6 55 0.97 
(n.s.)~ 

~ontrol 0:1 0:50 50 33 0 0 -
1 :0 50:0 50 36 36 36 -

trest (b) Ambient low temperature tests (11 ·C-18·C) 

!Experimental 1:1 50:50 50 37 18.5 28 8.75 
P<O.Ol 

3:1 150:50 50 47 35.2 40 2.09 
(n. s.) 

5:1 250:50 50 36 30.0 31 

-
~ontrol 1 :0 34:0 34 17 17 17 

a 
n.s. Not significant. 
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(c) Field cage tests were carried out under ambient conditions of high temperatures (43·C 
to 4S·C): 48-hour-old D3 males were placed in competition with Delhi males of the same 
age for 24-hour-old Delhi females during hot weather (April-May 1972). Equal numbers of 
each type male (1550 each) and 1550 females were released into a field cage (5.3 x 3.5 x 
2.1 m). The females were offered a blood source (chickens) for three days, after which, egg 
rafts were collected in ovitraps containing larval rearing water as the oviposition attractant 
The few egg rafts obtained were held in the laboratory and classified as to percentage hatch 
and degree of embryonation. 

The results (Table 5) showed that the numbers of incompatible rafts resulting from 
matings of Delhi females and D3 males were significantly less than expected, thus, indicating 
a reduced competitiveness of D3 males compared to the Delhi males for Delhi females under 
hot weather conditions. 

TABLE 5. COMPETITIVENESS OF D3 MALES VERSUS DELHI STRAIN MALES UNDER 
HIGH AMBIENT TEMPERATURES (43·C to 45·C) IN FIELD CAGE 

No. of incompatible 
Total No. rafts 

X
2 

Replicate of embryo- Expected with P 
nated rafts full competi- Actual 

tiveness 

1 146 73 60 13.9 (P (0.001) 

2 263 131.5 88 21.5 (P (,0.001) 

A further mating co~petitiveness test was carried out soon after the above tests to 
check the possibility of assortative matings by the Delhi strain. D3 males, and females 
and males of the Delhi strain were released in the field cage in the ratio of 1: 1: I (500 each). 
In this test of 124 rafts collected, 55 incompatible rafts, representing matings by Delhi 
males with D3 females, as compared to 62 expected incompatible rafts (with equal competitive
ness) showed a' slight but not-significant (X2. = 1.38) deficit. 

Thus there are indications that the reduced competitiveness of the D3 male is found only 
when they are competing for Delhi females and not shown when competing for D3 females, there
fore, there appears to be a degree of assortative mating when D3 females are used. Extensive 
data would be required to substantiate this hypothesis however and a correction would be 
necessary to aecQunt for the recently discovered cytoplasmic type in the Delhi population 
whose males, but not females, are compatible with the Paris cytoplasm of the D3 strain.4 

6. Multiple mating 

Tests were carried out to determine the possible effect on the incompatibility of the 
eggs produced by females of a second insemination by Delhi males, already inseminated by D3 
males. Virgin Delhi females were firs·t caged with young D3 males for five days, they were 
then blood fed and the gravid females isolated into vials for egg laying~ The .rafts obtained 
were examined for embryonation and females which gave unembryonated rafts were d.iscarded 
because they were assumed to be uninseminated. Females which gave incompatible rafts were 
subsequently caged with young normal Delhi males. A second blood meal was given and rafts 
obtained were checked for hatchability. Controls were run by mating Delhi females to D3males 
and after one oviposition werere-fed on chicken and permitted to lay a second raft without 
caging with Delhi males. 

The data (Table 6) show that Delhi females once mated to D3 continued to give incompatible 
rafts even thOllil'h they had the opportunity to mate a secDnd time with Delhi males indicating 
that second mating of the females, if any, is a rare event. 
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TABLE 6. RESULTS OF TESTS TO DETERMINE SECOND INSEMINATION BY DELHI 
MALES OF DELHI FEMALES ALREADY INSEMINATED BY D3 MALES 

Egg rafts 

Type of rna Ung 
Number 

Oviposition 
individuals Incom- Unembryo-

Total 
paUble nated 

Delhi r;(.r;(. x D3 &r l50x150 1st 41 40 1 

Delhi r;(.~x Delhi 60 40x50 2nd 38 38 0 

Control 

Delhi W x D3 60' - 50x50 1st 34 34 0 

2nd 18 18 0 

~ Selected females which gave incompatible rafts at first oviposition. 

DISCUSSION AND CONCLUSIONS 

The D3 strain showed comparable inseminating capacity to that of the Delhi strain but 
differs from it in longevity and its minimum age for mating. Also D3 males show reduced 
competitiveness compared to Delhi males for Delhi females under hot weather conditions but 
not under winter conditions. 

The multiple mating experiment showed that D3 males are able to introduce a "matrone" 
(Craig, 1967)8 into mates of the Delhi strain and deter them from receiving a second 
insemination from the Delhi males. Comparable results with irradiated and chemosterilized 
males are given by Sharma et al., 1972. 5 

Provided that rearing was carried out at 29°C, the D3 strain performed well but at 31°C, 
it showed deficiencies in several respects (Patterson et al. in press). Both the evidence 
from the competitiveness tests and the rearing studies indicate that the D3 strain is not 
fully adapted to the conditions in the Delhi area in spite of replacement of the Paris genome 
with a tropical genome (Freetown). These studies would also indicate that the best way to 
produce a strain well adapted to the specific requirements of any given ecology is to replace 
its genome with that of the native strain which has evolved in that environment. Because 
of maternal inheritance of the character of incompatibility, genome replacement by backcrossing 
does not affect the incompatibility properties of the resultant strain provided that in the 
backcrosses the strain with the desired incompatibility type is always used as the maternal 
parent. l 

The bidirectional incompatibility of the D3 and Delhi strains requires the use of an 
intermediate strain which is compatible with both the D3 and Delhi strains to effect transfer 
of genome from one to the other. Such a transfer has been carried out and is the subject 
of a separate publication. 9 
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