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Abstract

The release of genetically-modified Aedes aegypti males is considered an effective method of suppressing 
this vector of dengue. One of the prerequisites is the capability to mass produce the genetically-modified 
mosquito in the laboratory before release. To do so would necessitate the understanding of the lifecycle 
and parameters of the transformed strain. In this regard, comparative life-history parameters of a wild-type 
laboratory strain of Ae. aegypti (WT) and a genetically transformed Ae. aegypti (LA513) were studied in 
the laboratory. The following parameters were statistically indistinguishable in both strains: the number 
of eggs laid, the number of unhatched eggs, the egg-hatching rate, the duration of larval period in all 
four instars, larval survivorship, pupation, adult eclosion rate, gonotrophic cycle, adult fecundity, adult 
lifespan and offspring sex ratio. The basic life-history and growth rate of the genetically-modified Ae. 
aegypti was not affected by genetic manipulation and that its mating competitiveness will remain intact, 
which is important for the successful use of this technology.
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Introduction
Aedes aegypti is the main vector of arboviral 
diseases such as dengue fever and yellow 
fever. Dengue, which is mainly transmitted 
by Ae. aegypti, has been recognized in over 
100 countries. There are more than 2.5 billion 
people living in areas where dengue is endemic, 
and 50–100 million cases of dengue occur 

every year. About 250 000–500 000 cases of 
dengue are officially notified annually.[1] Yellow 
fever, another disease which is transmitted by 
Ae. aegypti, is still a problem in Africa and South 
America, even though a vaccine for yellow fever 
was found many years ago[2].

Currently, neither a vaccine nor antiviral 
drugs are available against dengue. Vector 
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control still remains the most important 
approach to reduce the occurrence of 
dengue fever (DF) and dengue haemorrhagic 
fever (DHF).[2] The main strategy directed at 
controlling the vector of dengue is the use of 
chemical insecticides. However, this method 
has not been effective so far in curbing the 
disease. Therefore, other alternative control 
methods need to be looked into. 

Genetic vector control offers possibilities 
for controlling vector-borne diseases such as 
dengue and malaria. Sterile Insect Technique 
(SIT) is the most prominent form of population 
suppression.[3] The deleterious effect of 
radiation imposes a fitness penalty, rendering 
the sterile male mosquitoes less competitive 
to wild male mosquitoes and, therefore, a less 
effective agent of SIT.[4] 

Release of Insect Carrying Dominant 
Lethality (RIDL) is one other alternative 
method for population suppression. RIDL has 
so far been exemplified in Ae. aegypti and 
other mosquito species.[5,6,7] RIDL could be 
used to avoid the need for irradiation. RIDL 
is based on the development of transgenic 
insect with a genetic construct that confers 
repressible dominant lethality.[8] In its simplest 
form, RIDL operates in a non-sex-specific 
manner, killing all insects carrying at least 
one copy of the construct unless these insects 
are provided with a specific repressor of the 
lethality. The principle is simple: if the released 
insects are homozygous for a dominant lethal 
and mate with wild insects, all the progeny 
are heterozygous for a dominant lethal and 
so they die.[9]

Assessing the fitness of genetically modified 
mosquito (GMM) will be a critical component 
of programmes for the genetic control of 
disease vectors and prevention of vector-borne 
diseases. It is assumed that in most cases 
genetic modification will incur fitness costs. 
This could undermine a population-reduction 

strategy by rendering the released insect non-
competitive for wild-type mates. 

A RIDL strain of Ae. aegypti has now 
been established in our insectarium. Prior 
to undertaking further experiments using 
this strain, its bionomics needs to be studied 
in detail in order to ascertain its fitness in 
reproductive potential and suitability for field-
release experiments in the future. 

Materials and methods

Mosquito strains

The mosquito strain used in this study was 
the Malaysian wild strain Ae. aegypti which 
has been maintained in the insectarium and 
has not been revitalized with field-collected 
materials. The transgenic Ae. aegypti strain 
originated from Oxford LA513 strain and has 
been maintained in an ACL-2 (Arthropod 
Containment Level 2) laboratory since January 
2007 as F1. It was originally generated in a 
Rockefeller strain background. Rockefeller 
is a laboratory strain, originally of Caribbean 
origin, colonized in the early 1930s. 

Rearing conditions

All experiment containers were maintained 
at a mean temperature of 25±1 °C with a 
12:12 hr (light/dark) photoperiod and mean 
relative humidity of 75%±10% in a secured 
insect-rearing room in the ACL-2 laboratory in 
the insectarium. The temperature and relative 
humidity were recorded daily.

Establishment of experimental cohorts 

Thirty pupae of each experimental strain (IMR 
strain and LA513 transgenic) were placed 
individually into a glass tube containing 10 ml 
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of tap water seasoned overnight and 5 mg of 
diet (Tetramin®). The glass vial was plugged with 
cotton wool. Adult mosquitoes that emerged 
from these pupae were designated as F0, and 
male and female pairs from each experiment 
strain that emerged were set up in small cages 
(15x15x15 cm) for mating. There were fifteen 
pairs of F0. Five days after emergence, the 
female mosquitoes were blood-fed through 
the mesh using a white mouse. The mouse was 
removed after 24 hours or until the mosquitoes 
had fully engorged.

Two days after blood feeding, oviposition 
cups of moistened filter paper were introduced 
into each cage. Every 24 hours the oviposition 
cups were removed and replaced with a new 
moistened filter paper. Filter paper containing 
mosquito eggs was labelled with a female 
identification number that indicated the 
mosquito’s strain and date of oviposition. 
The number of eggs laid was counted under 
a dissecting microscope using a counter and 
recorded daily for each pair. 

The eggs were allowed to embryonate by 
air-drying. Individual egg paper was submerged 
into 150 ml of dechlorinated tap water. The 
transgenic mosquito eggs were submerged in 
50 µg/ml concentration of tetracycline in 500 ml 
distilled water. Tetracycline is required to repress 
the lethal gene so that the transgenic larvae 
are able to develop to full term. There were 
15 individual trays for each strain and every 
tray was covered with the mesh. After 24 hours, 
150 1st instar larvae designated as F1 generation 
(15 larvae from each of 10 females) were placed 
individually into small tubes with 10 ml overnight 
tap water and 5 mg diet (Tetramin®). 

Preimaginal development times

Individual F1 larvae that emerged from 
the eggs were placed in 15 ml glass vials 

and monitored every 24 hours. Glass vials 
containing larvae were labelled with a female 
identification number that indicated the larvae 
strain. The number of days spent in each 
preimaginal life and stage (i.e. 1st, 2nd, 3rd 
and 4th) and pupae and numbers surviving 
in each stage were observed and recorded 
daily. Each stage of larvae was determined by 
floating moulted skin on the water surface. 
The mean number of days in each preimaginal 
stage was determined and compared between 
two mosquito strains with t-independent test. 
The first 40 female and male mosquitoes 
to emerge for each strain were paired and 
placed in cages. To reduce possible inbreeding 
effects, adults within experimental strains were 
paired only if they originated from different 
F0 females.

Adult longevity, female fecundity and 
offspring sex ratio

The F1 adult survivorship rates were determined 
every 24 hours. Female mosquitoes were 
blood-fed for five days post-emergence. 
Daily fecundity and the percentage of eggs 
hatched after 48 hours and one week were 
recorded for each F1 female that produced 
eggs from each blood-feeding for four 
consecutive gonotrophic cycles. One week 
after each oviposition cycle, the blood meal 
was offered to the surviving females in each 
experimental strain and the fecundity rates 
were recorded. 

The percentage of females either failing 
to lay eggs or laying eggs which failed to hatch 
in each gonotrophic cycle was considered 
sterile. The sterility rates were calculated and 
compared across experimental strains using 
chi-square test in SPSS (version 14). The 
mean lifetime fecundity (viable eggs across 
all gonotrophic cycles for each female in each 
strain) was calculated and compared against 
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the mosquito strains with t-independent test 
in SPSS.

The preimaginal survivorship rate and 
the sex ratio of offspring were recorded for 
each of the four consecutive gonotrophic 
cycles for each reproductive female in each 
experimental strain. Preimaginal survivorship 
rates for each experimental strain were used 
to construct partial life tables. The sex of the 
adults resulting from each gonotrophic cycle 
for each experimental strain was recorded.

Results

Numbers of eggs laid by F0 transgenic 
and wild strain of Ae. aegypti

All 15 pairs of transgenic and wild strain 
Ae. aegypti oviposited. The mean number of 
eggs laid by F0 transgenic was 74.86±10.95 
per female while the number of eggs laid by 
F0 wild strain was 63.07±6.86 per female. 
Statistical analysis showed that there was no 
significant difference between the number of 
eggs laid by F0 generation for transgenic strain 
and wild strain Ae. aegypti (P>0.05). All the 
15 pairs of female transgenic strain ceased 
oviposition on Day 6, whereas the Malaysian 
wild strain completely ceased egg-laying on 
the 7th day after the blood meal. 

Comparison of F0 egg sterility of 
transgenic and wild strain Ae. aegypti

The number of sterile eggs in transgenic 
strain Ae. aegypti was less than wild strain 
Ae. aegypti. The mean number of sterile 
eggs in the transgenic strain was 25.00±3.35 
per female while in the wild strain it was 
31.47±5.57. There was no significant 
difference between the number of sterile eggs 
for F0 the transgenic strain and the Malaysian 
wild strain (P>0.005). 

Hatching of F1 larvae of transgenic 
strain and wild strain Ae. aegypti

All the eggs from the 15 pairs of transgenic 
mosquitoes hatched, while for the wild strain 
mosquito only 14 pairs hatched. The mean 
number of larvae hatched for F1 transgenic 
was 69.07±8.31, while for F1 wild strain it was 
23.79±5.23. There was a significant difference 
between the numbers of larvae hatched for 
both strains of Ae. aegypti (P<0.05).

Duration of each life-stage for 
transgenic F1 generation and  
wild strain Ae. aegypti

There was no significant difference observed 
in the developmental time periods of first, 
second and third instar stages. The number of 
days spent in L1, L2 and L3 for both transgenic 
and wild strains was one day in each stage. 

For the L4 stage there was no significant 
difference between the number of days spent 
in this stage for both strains (Figure 1). The 
mean number of days for the transgenic strain 
in the L4 stage was 2.59±0.06 days, while for 
the wild strain it was 2.57±0.058 days. There 
was no significant difference in the number 
of days spent in the L4 stage for both strains 
(P>0.05).

There was also no significant difference 
between the number of days spent in 
the pupae stage for both strains (P>0.05) 
(Figure 1). The mean number of days for 
the transgenic strain in the pupae stage was 
2.29±0.042 days, while for the wild strain this 
was 2.36±0.40 days. 

The total number of days spent by L1 
larvae to become adults was equal for both 
the strains. The mean number of days spent 
by the transgenic strain to become adults from 
L1 larvae was 7.85±0.071, while for the wild 
strain this was 7.94±0.055 days. 
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Survivorship of F1 generation in  
each life-stage

The number of larvae surviving in L1, L2, 
and L3 was equal for both strains. There 
was no association between the strain and 
survivorship in L1, L2 and L3 stages (Figure 2). 
There was no difference between the number 
of larvae surviving in these stages for both 
strains (P>0.05).

The number of larvae surviving in the L4 
and pupae stages for the transgenic and wild 
strains was equal. There was no association 
between the strain and the number of 
larvae surviving in the L4 and pupae stages 
(P>0.05). 

The number for adult emergence showed 
a significant difference for both strains 
(Chi square test, P<0.005). The risk estimate 
(OR. 3.12) showed that wild strain Ae. aegypti 
was three times at higher risk to become an 
adult compared with the transgenic strain.

Partial life tables and  
preimaginal development

For each gonotrophic cycle, the percentage 
of eggs to adults was the greatest in the 
transgenic strain over the Malaysian wild 
strain for gonotrophic cycle 1 and 2. But in 
gonotrophic cycle 3, the percentage in the 
Malaysian wild strain was higher than that in 

Figure 1: Number of days spent in each life-stage for transgenic LA513 strain and Malaysian 
wild strain of Ae. aegypti
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the transgenic strain. There was a reduction 
in the percentage of eggs-to-adults for each 
gonotrophic cycle in the transgenic strain for 
three gonotrophic cycles and two gonotrophic 
cycles in the Malaysian wild-type strain.

Across two gonotrophic cycles, the Malaysian 
wild strain females produced 5%–25% more eggs 
than the transgenic mosquitoes but the number 
of adult offspring was higher in the transgenic 
type for two gonotrophic cycles (gonotrophic 
cycle 1 and 2) compared with the Malaysian 
wild type. The percentage of adult offspring in 
gonotrophic cycle 3 was higher in the wild type 
than the transgenic type (Table 1).

There was a significant difference in the 
three gonotrophic cycles of the transgenic 
strain in the number of larvae hatched, 
number of pupae, number of adults emerged, 
number of adult males and females and the 
number of pupae died prior to emergence as 

adult (Kruskal Wallis test, P<0.05). An analysis 
using the Mann Whitney test showed the 
difference found between gonotrophic cycle 1 
and 2, where all these parameters were higher 
in the first gonotrophic cycle compared to the 
second cycle (P<0.05), and gonotrophic cycle 
1 and 3, where all these parameters were 
higher in the first gonotrophic cycle compared 
to the third cycle (P<0.05), and that there was 
no significant difference in gonotrophic cycles 
2 and 3 (P>0.05) (Table 1). 

The result was different for wild strain 
mosquitoes where almost no differences in 
all parameters were observed (Kruskall Wallis 
test, P>0.05), except for the number of 
sterile eggs. An analysis indicated differences 
in the number of sterile eggs found between 
gonotrophic cycle 1 and 3 (P<0.05), and 
gonotrophic cycle 2 and 3 (P<0.05), and 
none in gonotrophic cycle 1 and 3 (P>0.05). 
The number of sterile eggs was found higher 

Figure 2: Percentage of survivorship in each stage of life 
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in gonotrophic cycles 1 and 2 as compared 
with gonotrophic cycle 3.

A comparison between transgenic and 
wild type mosquitoes in gonotrophic cycle 1 
showed that there was a significant difference 
(Mann Whitney test, P<0.05) between the 
number of larvae hatched, number of pupae, 
number of adults emerged, the number of 
dead larvae, and the number of dead pupae. 
All these parameters were found higher in the 
transgenic mosquitoes as compared with the 
wild type mosquitoes. The number of sterile 
eggs was significantly different (P<0.05) and 
was found higher in the wild type than in 
transgenic mosquitoes. Gonotrophic cycle 2 
and gonotrophic cycle 3 showed that there was 
no difference in all parameters for both strains 
(Mann Whitney test, P>0.05) (Table 1).

Pre-oviposition periods, lifetime  
fecundity, offspring sex ratio and sterility

In F1 females, significant differences in the pre-
oviposition can only be detected in the first 

gonotrophic cycle where the pre-oviposition 
time for the transgenic strain was much longer 
than the wild strain (Mann Whitney test, 
P<0.05). The other two gonotrophic cycles 
showed that there was no significant difference 
in the oviposition time (Mann Whitney test, 
P>0.05) (Table 2).

Adult fecundity showed that there was no 
significant difference between the numbers 
of eggs laid by transgenic and wild type Ae. 
aegypti for all gonotrophic cycles (Mann 
Whitney test, P>0.05). 

The percentage of sterile females for 
each strain increased concomitantly with the 
gonotrophic cycle wherein the percentage 
of sterile females was the highest in the 
third gonotrophic cycle (Table 2). There was 
no significant association between the 
mosquito strains and sterile females in each 
gonotrophic cycle (Chi square, P>0.05). 
The transgenic strain produced more viable 
eggs in gonotrophic cycle 1 while wild strain 
produced more viable eggs in gonotrophic 
cycle 3 (Table 1). 

Table 1: Stage-specific survivorship of transgenic LA513 strain and  
Malaysian wild strain Ae. aegypti

Gonotrophic  
cycle Life-stage

Number entering stage Number dying in stage Proportion dying in stage

Transgenic Wild Transgenic Wild Transgenic Wild

1

Larvae
Pupae
Adult

% survivorship

1036
962
811
56%

333
304
274
18%

74
151

 

29
30
 
 

0.07
0.16

 
 

0.09
0.10

 
 

2

Larvae
Pupae
Adult

% survivorship

373
332
311
30%

185
163
148
10%

41
21
 
 

22
15
 
 

0.11
0.06

 
 

0.12
0.09

 
 

3

Larvae
Pupae
Adult

% survivorship

273
254
188
24%

754
548
496
47%

19
66
 
 

206
52
 
 

0.07
0.26

 
 

0.27
0.09
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The sex ratio for adult progeny produced 
by each strain across all gonotrophic cycles was 
similar. The percentage of the females in the 
transgenic strain was higher than males, while 
the percentage of males in the wild strain was 
higher than females (Table 2).

Adult longevity

The adult longevity of the Malaysian wild strain 
was longer than the transgenic strain. For the 
40 days measured, the percentage of male 
mortality for the transgenic strain (85%) was 
higher than the Malaysian wild strain (60%). 
The mean adult longevity for the Malaysian 
wild male was 25.67±6.53 days while that 
for transgenic strain it was 20±10.60 days. A 
similar result was obtained in females whereby 
the mortality of female transgenic strain (15%) 
was higher than that of the wild strain (5%). 
The mean adult longevity for females was 
11.33±3.05 days and 8.00±0.00 days for the 
transgenic and wild strains, respectively. 

The life parameters of both strains are 
summarized in Table 3.

Discussion

This study investigated the bionomic and life-
history parameters of a transgenic mosquito 
strain carrying a repressible lethal gene, relative 
to a Malaysian wild-type strain. An earlier study 
on Anopheles stephensi measured the whole-
life-cycle fitness of several transgenic strains 
by monitoring the change in allele frequency 
over time in mixed populations of transgenic 
and wild strain mosquitoes in the laboratory.[7] 
A similar study comparing various bionomic 
and life-history parameters of four transgenic 
and one wild type strain of Ae. aegypti was also 
reported.[10] These studies were focused on 
transgenic mosquitoes designed to be released 
to replace the natural Ae. aegypti population 
and thereby to establish stable and persistent 
populations of transgenic mosquitoes in the 
wild. In contrast, RIDL strains are intended 
to be used to suppress the target population 
in a method analogous to the Sterile Insect 
Technique (SIT). Therefore, the transgene is not 
required or expected to persist in the wild, and 
different aspects of fitness and performance 
become significant. Parameters such as female 
fecundity, egg hatch, larval development, etc., 

Table 2: Reproductive statistics for LA513 strain and Malaysian wild strain Ae. aegypti

Cycle Parameter Transgenic LA513 strain Malaysian wild strain

1 Preoviposition
Fecundity
Sex ratio
% sterile females

1.78±0.17
76.89±11.08

55.24%
10.5%

1.32±0.11
77.25±9.00

51.33%
10%

2 Preoviposition
Fecundity
Sex ratio
% sterile females

1.47±0.19
58.44±11.14

52.09% 
16.70%

1.76±0.219
74.55±11.19

43.24%
35%

3 Preoviposition
Fecundity
Sex ratio
% sterile females

1.50±0.22
46.65±12.08

59.57%
41.20%

1.71±0.22
54.95±11.09

48.39%
36.80%
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relate primarily to the ease and efficiency of mass 
production, whereas adult male performance 
parameters, such as mating competitiveness, 
relate to field performance. 

The fitness of the transgenic 513A strain 
and wild strain of Ae. aegypti used in this 
study was not significantly different in several 
parameters. There was no significant difference 
in the number of eggs laid and the number of 
pupae in F1 generations, nor in the number 
of days in each stage of life (developmental 
period). The number of larvae, pupae surviving 
and adults emerging in each stage of life for 
both strains were not significantly different.

The results we obtained were different 
from the previous study.[10] The transgenic 
strains they had investigated showed significant 
reduction in many fitness parameters relative to 
the wild type strain. In essence, the transgenic 
strains were severely compromised and were 
uncompetitive with the wild type. In contrast, 
in our study, most parameters measured 
showed no significant difference between 

the wild type and transgenic strains; others 
(e.g. egg production or hatch rate in different 
gonotrophic cycles) showed differences but 
not so much as to imply a major difference in 
fitness levels between the two strains. 

There are several potential reasons for this 
apparent discrepancy. Firstly, the RIDL-513A 
strain was pre-selected by Oxitec using some 
basic experimental determinants of fitness, 
although detailed bionomic measurements 
had not been performed. Secondly, and 
more significantly, the data of Irvin et al.[10] 
merely show that the transgenic lines can have 
reduced fitness, but not that this is inevitable. 
That insertional mutants can be deleterious 
is obvious, but the question is whether 
strong negative effects are unavoidable. 
Marelli et al.[11] discussed this question, 
taking into account also the larger literature 
from Drosophila on insertional mutations, 
and concluded that a significant proportion 
of insertional transgenics should have only 
‘modest’ (but probably non-zero) fitness 
penalties relative to the wild type.

Table 3: Summary of bionomics study on transgenic and wild strain Ae. aegypti

Parameter Strain Mean Mean rank P-value

Number of eggs laid 513A
Wild type

74. 861±16.94
63.07 ± 6.855

16.03
14.97

0.740

Number of larvae hatched 513A
Wild type

69.07 ± 8.306
23.79 ± 5.237

17.70
13.30

0.001

Number of sterile eggs 513A
Wild type

25.00 ± 3.349
31.47 ± 5.57

14.33
16.67

0.468

Number of days spent in L4 513A
Wild type

2.59 ± 0.06
2.57 ± 0.58

142.84
141.20

0.851

Number of days spent in pupae 
stage

513A
Wild type

2.29 ± 0.042
2.36 ± 0.40

133.52
144.99

0.141

Number of days spent from L1 to 
adult

513A
Wild type

7.85±0.071
7.49±0.055

130.19
141.28

0.200
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A further issue confounding some previous 
studies of fitness relates to inbreeding. 
Catteruccia et al.[7] found significant fitness 
defects in their transgenic An. stephensi, 
but concluded that much or all of this was 
due to inbreeding. Moreira et al.[12] avoided 
inbreeding effects by using out-crossed 
heterozygotes, and found that the fitness 
penalty differed depending on the expressed 
gene-zero for SM1 but significant for PLA2. 
Prior to transfer to the IMR, considerable 
efforts were made by Oxitec to minimize 
inbreeding effects during the construction of 
the RIDL-513A strain. Similarly, after transfer 
to IMR, the strain was kept with a minimum 
population size of 200 individuals, and egg 
storage used to minimize the number of 
effective generations – both measures used to 
minimize genetic drift and bottlenecking.

It is hardly surprising that some genes might 
be deleterious when ectopically expressed, 
especially when they are supposed to cause the 
death of that organism. However, in the specific 
case of 513A, the gene is supposed to be lethal 
when de-repressed. Therefore, any significant 
uncontrolled leakiness in the control of gene 
expression might reasonably be expected to 
lead to mortality or loss of fitness. Therefore, 
there would need to be tight regulation of the 
gene. That significant reductions in fitness were 
not observed validates the proposal of Gong 
et al.[13] that the “positive feedback” design 
incorporated into 513A[14] may give superior 
control over gene expression and minimize 
adverse fitness effects.

The transgenic strain 513A was initially 
constructed using transposon-mediated 
transformation with a non-automonous 
piggyBac-based transformation vector.[14] 
piggyBac has several advantages for this 

purpose. One is that its insertion and excision 
is unusually precise for this class of elements, 
with no evidence of imprecise insertions and 
excisions during transformation. This effect, 
well known for P elements in Drosophila, can 
lead to the creation of additional deleterious 
mutations in the course of transformation or 
remobilization of P elements; the advantage 
of piggyBac in this respect has been noted 
previously.[15] A second advantage of piggyBac, 
though not specifically related to fitness, is that 
piggyBac insertions in Ae. aegypti are extremely 
stable, even in the presence of exogenous 
piggyBac transposase.[16] The single report of 
an apparently unstable piggyBac insertion in 
Aedes represented an aberrant insertion event 
with multiple copies of the entire plasmid in 
an array.[17] Such an array is susceptible to 
recombination, without any need to invoke a 
transposase-mediated mechanism.

In summary, we found that for multiple 
parameters (pre-oviposition period, lifetime 
fecundity, offspring sex ratio and female 
sterility) the transgenic 513A strain was not 
significantly different from the wild strain. This 
contrasts with previous studies by Irvin et al.[10] 
and Cateruccia et al.[7] These previous studies 
reported that transgenic-modified mosquito, 
especially Ae. aegypti and An. stephensi, was 
not competitive for all measured parameters 
compared to the wild strain of Ae. aegypti and 
An. stephensi. Instead, we share the conclusion 
of Moreira et al.[12] and Marelli et al.[11] that 
transgenic lines can be constructed which 
have little or no fitness penalty relative to wild 
type; RIDL-513A seems to be an example of 
such a line.

Finally, it should be noted that all these 
experiments were conducted under permissive 
conditions. RIDL-513A larvae reared in 
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restrictive conditions die as late larvae or 
pupae; therefore, the strain has a fitness 
of approximately zero under restrictive 
conditions. This is done by design so that the 
offspring wild type mosquitoes that mate with 
RIDL will not survive.
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