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The extensive use of chemical insecticides to control mosquitoes led to the development of insecticide 
resistance and environmental health hazards. This caused a surge in interest in eco-friendly biocontrol agents. 
The present study aimed to explore the susceptibility of different instar larvae of the common mosquito, Culex 
pipiens Linnaeus, 1758, to the mermithid nematode, Romanomermis iyengari Welch, 1964. Moreover, the effects 
of R. iyengari on the mosquito pupal developmental time, adult emergence, longevity, female fecundity, as 
well as egg-hatching rate were determined after larval treatment with an LC50 quantity of the nematode pre-
parasites. Different instars of Cx. pipiens (1st–4th) were exposed separately to R. iyengari at concentrations of 
1–6 pre-parasites/mosquito larva. Mortality rates of mosquito larvae were observed and the LC50 values were 
calculated. The estimated LC50 values for the 1st–4th larval instars were 3.18, 2.73, 3.79 and 4 pre-parasites/larva, 
respectively. Mean percent mortality of the 1st–4th larval instars ranged from 10–94%, 16–100%, 4–100% and 
0–52%, respectively. The results indicated that exposure of 4th larval instar to the LC50 of R. iyengari pre-parasites 
significantly prolonged the duration of pupal development, reduced the percentage of emerged adults and 
reduced mosquito female fecundity compared with the control. In contrast, adult longevity and the egg-
hatching rate did not differ between the control and the exposed group. In conclusion, this isolate of R. iyengari 
could be a promising biocontrol agent for Egyptian Cx. pipiens. Other trials are required to assess the biocontrol 
potential of this parasite in field conditions.

INTRODUCTION

What would happen if every mosquito on earth was wiped out? This is not a question, but a dream 
of every person. Mosquitoes are vectors for a number of deadly diseases and hence a significant 
threat to human health (WHO 1996). They are vectors of diseases such as malaria, lymphatic 
filariasis, yellow fever and dengue fever (Farajollahi et al. 2011; WHO 2014). The common house 
mosquito, Culex pipiens Linnaeus, 1758 (Order: Diptera, Family: Culicidae) is a dominant 
mosquito species worldwide (Clements 1992; Elhawary et al. 2020). Therefore, it has been the target 
of several control programs worldwide (WHO 1996, 2014, 2020). The use of chemical insecticides 
has been curtailed due to hazardous residues, pollution and development of insect resistance 
(Chareonviriyaphap et al. 2013; Nicolopoulou-Stamati et al. 2016). Alternatives, such as biological 
control agents have therefore received major attention (Platzer 1981; Lacey and Orr 1994). One of 
the promising biological alternatives to chemical insecticides are aquatic mermithid nematodes 
(Platzer 2007; Paily et al. 2013; Di Battista et al. 2020). Aquatic mermithid nematodes occur in the 
same water bodies as the mosquito larvae. They are obligate endoparasites of at least 100 species 
of mosquito larvae (Platzer 2007). The ease of application, environmental safety, host specificity, 
lethality, practical methods of in vivo mass rearing and achievability of long-term recycling make 
mermithid nematodes ideal biological control agents (Abagli et al. 2019). 

Until 1982, most research efforts on the mermithid nematodes infecting mosquito larvae 
were focused on Romanomermis culicivorax Ross & Smith, 1976 (Order: Mermithida, Family: 
Mermithidae). However, another species in the same genus has proven to be even more promising 
(Platzer 2007). This species was originally found in the haemocoele of Anopheles subpictus Grassi, 
1899 larvae collected by Iyengar from Bangalore, India (Ross 1906) and subsequently from different 
species of Anopheles (Iyengar 1930). Later the nematode was described as Romanomermis iyengari 
Welch 1964. In aquatic habitats, R. iyengari, pre-parasites (second-stage juveniles) hatch from the 
eggs, search for their hosts, penetrate the cuticle of the mosquito larvae, develop in the haemocoele, 
and escape from the host larvae as post-parasites through mechanical rupture of the integument, 
forcing their way out of the larvae and in the process killing them. Post-parasites moult to become 
adults and burrow into the moist substrate at the bottom of their aquatic habitats. After copulation, 
eggs are laid in the soil by gravid females. The eggs embryonate and after completion of their 
development, hatch when submerged by water (Platzer 2007).

Several investigations in the last three decades have worked on the susceptibility of mosquito 
larvae to R. iyengari (Paily & Balaraman 2000). They identified 10 species of mosquitoes, 
belonging to five genera, which were susceptible to R. iyengari. Likewise, Pérez-Pacheco et al. 
(2015) examined the susceptibility of culicine mosquito larvae to R. iyengari. In laboratory 
experiments, Abagli et al. (2019) showed that all Culex quinquefasciatus Say, 1823 instar larvae 
were susceptible to R. iyengari infection. Moreover, Pérez-Pacheco et al. (2015) demonstrated that 
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the 3rd instar larvae of Aedes aegypti (Linnaeus, 1762), Anopheles 
pseudopunctipennis Theobald and Cx. quinquefasciatus were 
more susceptible to parasitism than the 4th instar larvae. 
However, there is a lack of information on the effect of lethal 
concentrations of R. iyengari on the biology of the mosquito 
host. Therefore, the main objective of the present study was to 
evaluate the comparative susceptibility of different Cx. pipiens 
instar larvae to R. iyengari infection in the laboratory. The effects 
of the LC50 of this mermithid nematode on the developmental 
period of the mosquito pupae, the emergence of adults, adult 
longevity, emerged female fecundity and egg-hatching rate were 
also investigated.

MATERIAL AND METHODS

Mosquito source and maintenance

Culex pipiens larvae were collected from a ground-hole in the 
city of Tanta, Gharbia governorate, Egypt (30°48′5.339″N 
30°59′36.114″E). They were transferred to the insectary in 
the animal facility, Faculty of Science, Tanta University. The 
collected larvae were identified according to Harbach (1985). 
The mosquitoes were reared for one generation in the laboratory 
at a temperature of 28 ± 2 °C, a relative humidity (RH) of 
70–80% and a 12L:12D h photocycle. Mosquito larvae were 
reared in enamel pans (10 cm in height and 30 cm in diam.) 
containing dechlorinated tap water. Larvae were fed daily on a 
mixture of 1:3 brewer’s yeast and ground wheat rusk, modified 
after Asahina (1964). Pupae were collected daily into glass 
cups (180 mL) with dechlorinated tap water and transferred to 
a labelled rearing cage (30 × 30 × 30 cm) for adult emergence. 
Adult mosquitoes were fed daily on cotton pads soaked in a 
10% sugar solution. Female mosquitoes were fed on blood meals 
from restrained domestic pigeons. The care and maintenance 
of the pigeons were done according to the permission (IACUC-
SCI-TU-0180) obtained from the Research Ethical Committee, 
Faculty of Science, Tanta University, Egypt. A cup containing 
100 mL of dechlorinated water was provided in a mosquito cage 
for oviposition. Egg rafts were collected from oviposition cups, 
transferred into enamel pans containing water and the hatched 
larvae subsequently reared as above.

Romanomermis iyengari source and mass culture

The laboratory culture of R. iyengari was established from eggs 
obtained from the Department of Nematology, University of 
California, Riverside, USA. It was mass cultured in vivo using 
Cx. quinquefasciatus second instar larvae as a host (Platzer & 
Stirling 1978). As needed, an appropriate amount of egg/sand 
mixture was flooded with 250 mL of distilled water to induce 
R. iyengari egg hatching and to collect infected second-stage 
juveniles (pre-parasites). After a few hours, the water containing 
the nematodes was separated from the sand. Thereafter, the 
concentration of suspended pre-parasites was counted using the 
volumetric dilution method (Petersen & Willis 1972). 

Susceptibility of mosquito larval stages to the nematode 
infection

The susceptibility of Cx. pipiens 1st, 2nd, 3rd and 4th instar larvae to 
R. iyengari were recorded using the method described by Abagli 
et al. (2012). Six concentrations (1, 2, 3, 4, 5, and 6 pre-parasites 
per mosquito larva) were used in the study. Twenty larvae 
from each mosquito instar were separately placed in glass cups 
(5 × 10 cm) containing 99 mL of distilled water. Then, 1 mL of 
distilled water containing the tested concentration of R. iyengari 
pre-parasites was added. Parallel control groups containing 20 
of the same larval instars were run using nematode-free distilled 
water of the same volume. This procedure was replicated five 
times for each larval instar and/or nematode concentration. The 

larvae were maintained at a temperature of 28 ± 2 °C. Three days 
after exposure, the larvae were washed in distilled water and 
transferred individually into 24-well bioassay plates containing 
2 mL of distilled water. The status of the larval infection by 
R. iyengari was observed daily with a stereomicroscope, to 
ensure that larval mortality was due to the emergence of post-
parasitic nematodes from mosquito larva cadavers. Bioassay 
plates with third and fourth instar larvae were kept in mosquito 
cages in anticipation of adult emergence. Mortality was recorded 
in each group and the LC50 value of each instar was determined.

Developmental time till adult emergence and longevity

Twenty late 4th instar larvae (2 days old post-moulting) were 
exposed to the pre-parasites LC50 value estimated in the previous 
experiment. Two days later, surviving larvae were transferred 
to new cups with nematode-free distilled water for pupation. 
Control groups were run using nematode-free distilled 
water. This procedure was replicated five times per group. 
Developmental time (from late 4th instar to adult emergence) was 
recorded until the last pupae emerged as an adult. Mosquito adult 
emergence was observed until the last adult emerged from each 
set. The mosquito adults that survived the nematode exposure 
and emerged from the previous experiment were separated into 
new cages and used for an adult longevity assay. In this assay 
five pairs of adult mosquitoes were used in five replicates to 
follow the longevity until the death of the last adults. Another 
group divided into five replicates was set as a control (without 
nematode exposure). Adult mosquitoes were fed daily on cotton 
soaked in a 10% sugar solution.

Female mosquito fecundity and egg-hatching 

As in the previous experiment, 10 pairs of adults that emerged 
from the 4th instar larvae exposed to the nematode pre-parasites 
LC50 were transferred to mosquito cages (30 × 30 × 30 cm) and 
allowed to mate. The females were fed a blood meal. A cup with 
distilled water was placed in the cage as an oviposition substrate. 
A control group was run with 10 pairs of adults that emerged 
from the original mosquito culture (not exposed to nematodes). 
This procedure was replicated five times. Egg rafts from each 
cup were collected daily and counted under a light microscope 
(Ray wild limited company, Germany). Thereafter, these egg-
rafts were transferred to a new cup with 250 mL distilled water 
and left to hatch. The fecundity of the mosquito females was 
calculated with the following formula: (Number of laid eggs/
Number of females allowed to mate) × 100. While the hatching 
rate was calculated using the following formula: (Number of 
hatched eggs/Number of laid eggs) × 100.

Statistical analysis

Data obtained were expressed as mean ± standard error 
(SE). Response variables were checked for normality using 
the Shapiro–Wilk test and Bartlett’s test for homogeneity of 
variances. The percentage mortality of larvae was analysed 
using a two-way analysis of variance (ANOVA). Pairwise 
analysis between the tested groups was carried out using 
multiple comparisons. The p-value was adjusted according to the 
Bonferroni correction to control the family-wise error rate. The 
effect of R. iyengari infection on pupae development time, adult 
emergence and longevity, female fecundity and egg-hatching rate 
were analysed using an unpaired t-test. The LC50 value of each 
instar was determined using non-linear regression analysis of 
normalized mortality against log concentration of pre-parasites. 
These analyses were carried out in GraphPad Prism version 8.0.0 
for Windows, GraphPad Software, San Diego, California USA, 
www.graphpad.com.

http://www.graphpad.com
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RESULTS

Susceptibility of mosquito larval stages to the nematode infection

There was no mortality recorded in the control groups. Table 
1 shows that all Cx. pipiens instar larvae were susceptible to 
R. iyengari infection. However, the susceptibility of the different 
instars was variable. Two-way ANOVA indicated that larval 
instar (p < 0.001), pre-parasite concentration (p < 0.001) and their 
interaction (p < 0.001) significantly affect the larval mortality. In 
post hoc analysis (Bonferroni), the results demonstrated that the 4th 
instar larva was less susceptible to R. iyengari infection (p < 0.016) 
than the other larval instars. For instance, at the concentration of 
six pre-parasites/larva, the mortality rate of 2nd and 3rd instars was 
100% followed by (94.00% ± 4.00%) in the 1st instar and (52.00% ± 
4.90%) in the 4th instar. Data in Table 2 confirmed that the lowest 
LC50 (2.73 pre-parasites/larva) was recorded for the second instar, 
while the highest LC50 (four pre-parasites/larva) was recorded for 
the 4th larval instar. Moreover, non-linear regression of Cx. pipiens 
mortality revealed an increase in all instars as the concentration of 
pre-parasites increased (Figure 1). For example, the mortality rates 
observed for first stage larvae at 1, 2, 3, 4, 5 and 6 pre-parasites/
larva were 10.0% ± 3.16%, 26.0% ± 4.00%, 32.00% ± 5.83%, 62.0% 
± 7.35%, 84.0% ± 7.48%, and 94.0% ± 4.00%, respectively.

Table 1. Mean mortality (% ± SE) of Culex pipiens instar larvae exposed to 
different concentrations of Romanomermis iyengari pre-parasites.

Larval 
instar

Concentration (pre-parasites/mosquito larva)

1 2 3 4 5 6

1st 10.0 ± 3.16a 26.0 ± 4.00a 32.0 ± 5.83a 62.0 ± 7.35a 84.0 ± 7.48a 94.0 ± 4.00a

2nd 16.0 ± 4.00a 24.0 ± 2.45a 56.0 ± 5.10b 78.0 ± 7.35a 94.0 ± 2.45a 100.0 ± 0.00a

3rd 4.0 ± 2.45a 10.0 ± 3.16ab 22.0 ± 5.83ab 48.0 ± 4.90a 88.0 ± 5.83a 100.0 ± 0.00a

4th 0.0 a 2.0 ± 2.00b 6.0 ± 2.45c 28.0 ± 3.74b 38.0 ± 5.83b 52.0 ± 4.90b

Two-way ANOVA demonstrates that mortality by R. iyengari is concentration-dependent 
and differs among larval instars of Cx. pipiens. Mortality means of different instars that have 
the same small letter are not significantly different when p ≥ 0.016 (Bonferroni correction for 
multiple comparisons).

Table 2. Larvicidal activity expressed as LC50 concentration of 
Romanomermis iyengari against Culex pipiens instar larvae. 

Larval instar
LC50  

(confidence intervals)
Slope F-value p-value

First 3.18 (2.79–3.55) 3.56 87.72 < 0.001

Second 2.73 (2.49–2.96) 3.58 138.90 < 0.001

Third 3.79 (3.58–4.00) 5.61 319.00 < 0.001

Fourth 4.00 (3.72–4.28) 6.31 180.70 < 0.001

df = 28. LC50 is the lethal concentration causing mortality of 50% of insects exposed to 
nematode treatment. In each larval instar, the line significantly differs from a hypothetical 
one (see p-value) (non-linear regression). 

Figure 1. Non-linear regression of mortality (mean ± SE) for Culex pipiens 
instar larvae exposed to different concentrations of Romanomermis 
iyengari pre-parasites.

Developmental time till adult emergence and longevity

The developmental time in the control Cx. pipiens pupae (time 
from the late 4th instar to adult emergence) was 3 ± 0.31 days. 
Exposure of Cx. pipiens 4th instar larvae to LC50 of R. iyengari 
(four pre-parasites/larva) induced a significant increase 
(p = 0.04, unpaired t-test) in the pupae developmental time to 
4.2 ± 0.37 days (Table 3). In contrast, the percentage of emerged 
adults significantly decreased (p = 0.02, unpaired t-test) from 
82.00% ± 4.06% in the control to 62.00% ± 5.61% in the exposed 
group (Table 3). Meanwhile, the longevity of emerged adults did 
not differ (p ≥ 0.05, unpaired t-test) between the control and the 
exposed group (Table 3).

Female mosquito fecundity and egg-hatching 

Table 4 shows that the fecundity of Cx. pipiens adult females 
in the control group was 81.78% ± 3.2%. Exposure of 4th instar 
larvae to LC50 of R. iyengari significantly (p = 0.024, unpaired 
t-test) decreased fecundity of emerged females to 70.78% ± 
2.26%. However, no significant difference (p ≥ 0.05, unpaired 
t-test) in the hatching rate of the laid eggs between the exposed 
and control group was detected (Table 4).

DISCUSSION

In the current study, all Cx. pipiens instar larvae were susceptible 
to infection by R. iyengari. The recorded mortality rates for the 
early instars (1st, 2nd, and 3rd) were significantly higher than 
the older 4th instar. Similar data was obtained by Abagli et 
al. (2019), who reported that Cx. quinquefasciatus 1st and 2nd 
instar larvae were more susceptible to infection by R. iyengari 
compared to the older larvae. Similarly, Pérez-Pacheco et al. 
(2004) showed that the 3rd instar larvae of A. pseudopunctipennis 
and Cx. quinquefasciatus were more susceptible to R. iyengari 
infection than the 4th instar larvae. Díaz et al. (2018) reported 
that 1st and 2nd instar larvae of Aedes albopictus (Skuse, 1894) 
were more susceptible to R. iyengari infection than 3rd instar 
larvae. The current finding that infective juveniles of R. iyengari 
prefer to infect early mosquito instars than older ones agreed 
with field parasitism data. For example, the older larvae of An. 
pseudopunctipennis in 16 sites in Oaxaca State, Mexico proved 
to be less susceptible to R. iyengari infection than younger larvae 
(Santamarina et al. 1999).

Successful parasitism by any biocontrol agent is a complicated 
process and depends not only on the aggressiveness and 
concentrations of the parasitic invader, but also on the 

Table 3. Effect of Romanomermis iyengari on the Culex pipiens 
development period of the pupae, adult emergence, and longevity.

Measured variables of 
mosquito pupae and 
adults

Treatment mean ± SE

Control Nematode exposed 

Pupae development 
period (days) 3.0 ± 0.31 4.2 ± 0.37*

Adult emergence (%) 82.0 ± 4.06 62.0 ± 5.61*

Adult longevity (days) 21.2 ±1.46 18.00 ± 1.14ns

*Refers to significant differences between R. iyengari exposures and the control mosquitoes 
when p < 0.05, while ns refers to no significant difference when p ≥ 0.05.

Table 4. Culex pipiens female fecundity and egg-hatching rate for fourth 
instar larvae exposed to a LC50 quantity of Romanomermis iyengari. 

Measured variables 
of mosquito females 

and eggs

Treatment mean ± SE

Control Nematode exposed

Fecundity (%) 81.78 ± 3.20 70.78 ± 2.26*

Egg hatching rate (%) 72.18 ± 2.18 71.44 ± 6.23ns

*Refers to a significant difference between R. iyengari exposures and the control when  
p < 0.05, while ns refers to a non-significant difference when p ≥ 0.05.
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physical condition of the host, behavioural defence against the 
parasites, body size of different hosts, developmental stages 
and host immunity (Petersen & Willis 1970; Dadd 1971). Our 
results demonstrated that the mortalities of Cx. pipiens larvae 
in different instars were concentration-dependent, as the 
greater the pre-parasitic concentrations applied, the higher the 
mortality observed. Our data also agree with Abagli et al. (2019), 
who reported a similar observation on the parasitism of another 
mosquito host, namely Anopheles gambiae by R. iyengari. 

The insect host has a robust behaviour to avoid infection 
by parasites. The behaviour of the mosquito larvae as hosts of 
the mermithid nematodes is an important factor in successful 
parasitism by these biocontrol agents. Romanomermis 
iyengari pre-parasitic juveniles prefer to insert their needle-
like odontostylet and penetrate the host larvae through the 
integument of the abdomen (Sanad et al. 2013). Using light 
and scanning electron microscopes (SEM), as well as video 
microscopy, Shamseldean & Platzer (1989) described in detail 
the penetration process of R. culicivorax, a relative species to 
R. iyengari, into the mosquito larvae. They have recorded the 
injection of a putative venom that causes temporary paralysis 
and cardiac arrest in the mosquito larvae during penetration of 
the host, which facilitates nematode entry via a wound in the 
host integument. That wound will be immediately sealed with an 
adhesive material secreted by the nematode pre-parasites while 
penetrating the mosquito larvae. As a behavioural response 
from the mosquito host, long and strong wriggle bursts may 
inhibit the search-piercing phase of the nematode pre-parasites 
(Petersen 1975). The lower susceptibility of Cx. pipiens 4th instar 
larvae may be explained by the violent wriggling behavioural 
defence by the mosquito larvae against nematode attack, making 
it difficult for the pre-parasitic juveniles to search and insert their 
stylets into the abdominal cuticle and enter the host. In addition, 
the thicker cuticle of 4th instar larvae make it more difficult for 
the pre-parasitic nematodes to insert their stylets and penetrate 
the host (Achinelly et al. 2004; Pérez-Pacheco et al. 2004).

The difference in susceptibility between early and late-stage 
larvae to infection is probably also related to physiological 
factors that affect successful infection and development of the 
mermithid nematodes. The immune system of mosquito larvae 
is a potential physiological mechanism to combat pathogens that 
invade their haemocoele (Hillyer 2010). After invasion of their 
haemocoele, mosquito larvae have a diverse array of cellular and 
humoral immune responses (Shamseldean et al. 2006; Liu et al. 
2020). It is reasonable to suggest that the fourth instar of Cx. 
pipiens larvae have evolved a more robust immune system than 
early instars to combat R. iyengari infections.

In the current study, the fourth-instar larvae of Cx. pipiens 
required more time to emerge as adults than the controls when 
exposed to the LC50 values of R. iyengari pre-parasitic juveniles. 
Delayed host development is a common response in insects 
infected by entomopathogenic nematodes. Welch & Bronskill 
(1962) observed that the mosquito Aedes aegypti larvae infected 
with Steinernema carpocapsae (Weiser, 1955) pupated one 
or two weeks behind the normal ones. Anopheles sp. larvae 
infected by Octomyomermis muspratti were also retarded in 
their development (Obiamiwe & MacDonald 1973). Pupal moult 
of mosquito larvae infected with mermithids may be delayed 
by an imbalance in host endocrine secretions or the presence 
of parasite neurosecretory compounds (Welch 1965; Petersen 
& Willis 1970). The observed extended period of development 
in the mermithid parasitised larvae is probably also related 
to the shortage of nutritional reserves, which are essential 
for development and tissue building during the pupal stage. 
Mermithids absorb nutrients from the host’s body through 
their body surface (Schmidt & Platzer 1980). The parasites are 
therefore heavily dependent upon their host for nutritional 

requirements (Gordon 1981). Romanomermis culicivorax was 
found to deplete haemolymph proteins of Cx. pipiens to one-
sixth of the control levels (Schmidt & Platzer 1978). In addition, 
degeneration of the mid-gut epithelium in Ae. aegypti larvae by 
R. culicivorax led to the starvation of infected larvae (Bailey & 
Gordon 1973).

Results of the current study indicated a significant reduction 
in the fecundity of the emerged females that survived the 
infection by R. iyengari. It is well documented that mermithid 
parasites can induce physiological changes in their hosts, leading 
to a reduction in host reproductive output. Gordon (1981) 
summarized factors that may affect female fecundity, such as the 
potency of the ovary to produce oocytes, the nutritional reserves 
to develop the eggs and the capacity of male sperm to fertilize 
the ova. The same author suggested that when adult females 
and/or males of insect hosts are infected, they suffer from being 
sterilised or biologically castrated. Parasitic castration has 
been defined as the destruction of gonad tissues, alteration of 
reproductive behaviour and disruption of hormonal balance. 
Other modifications of host reproductive effort may result from 
non-selective use of host energy reserves by the parasite (Baudoin 
1975). The mermithid parasite can reduce the amount of energy 
invested by the host in reproductive activities. Hosts infected 
with a parasite will show a reduction in individual fitness 
ranging from complete loss of reproductive success to a very 
small decrease in reproductive success. Wülker (1975) reported 
several cytological changes in the gonads of chironomids and 
intersexuality due to mermithid parasitism. Sharp and Hunter 
(2008) reported that simuliid gonad development was completely 
inhibited by mermithid infection. One advantage of parasitic 
castration is that the parasite can obtain energy from host 
tissues, while not increasing host mortality (Obrebski 1975). The 
present study demonstrated that the longevity of emerged adults 
exposed to R. iyengari did not significantly differ from those 
of the control. Similarly, Di Battista et al. (2015) reported that 
the survival rate of adult Aedes albifasciatus (Macquart, 1838) 
females parasitised by Strelkovimermis spiculatus Poinar & 
Camino, 1986 did not differ from non-parasitised females.

The results generated through this study lead to the conclusion 
that all larval instars of the Egyptian strain of Cx. pipiens were 
susceptible to parasitism by the mermithid nematode R. iyengari. 
Exposure of 4th instar larvae to LC50 pre-parasitic concentrations 
of R. iyengari prolonged the pupal developmental time and 
reduced both the percentage of emerged adults and female 
fecundity (which reduced Cx. pipiens population size). Future 
field studies are needed to demonstrate the efficacy of R. iyengari 
under a wide range of natural environmental conditions.
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