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The Louisiana red swamp crayfish, Procambarus clarkii (Gerard, 1852) an invasive species in Egypt was 
accidently introduced from USA for commercial use as a freshwater lobster-like source of animal protein. 
Although, this animal consider as a pest on Nile fish especially Tilapia spp., The present paper look at 
the other positive side of using this animal as a safe possible biological control agent of the mosquito 
larvae, Culex quinquefasciatus Say, 1823. Both Procambarus males and females were tested as 
predators of all mosquito instar larvae at different mosquito population densities. Diet preference of this 
predator was evaluated to determine their needs for animal protein source comparing to a vegetal food 
source (e. g. lettuce). Predation efficiency in intact crayfish individuals with 2 sets of chelipeds were 
compared with others that accidently lost one or two chelipeds in nature. Data have shown that 4

th
 instar 

mosquito larvae were the most consumed stage compared to other mosquito instars. Due to the need 
for animal proteins required in the growth and development of eggs, gravid crayfish females consumed 
more mosquito larvae than males. Mosquito population densities had positive significant effect on 
predation rate, with higher mosquito densities, the animal feed on more mosquito larvae. When a mixed 
diet of fresh vegetables (lettuce) and mosquito larvae were introduced to the crayfish, it depended more 
on mosquito predation as a source of animal proteins than vegetal food. The present study showed that 
P. clarkii can be used in mosquito control programs as a safe biological control agent of mosquito larvae 
specially in Egypt where immature stages of mosquitoes are the main fauna in drainage water systems 
and as a source of inexpensive animal protein for human consumption as well. 

Keywords: Biological control, Crayfish, Culex quinquefasciatus Say 1823, Invasive species, Predator of mosquito larvae, 
Procambarus clarkii (Gerard, 1852).  

 
INTRODUCTION 
Mosquitoes consider one of the most important 
vectors that transmit dangerous diseases.  
Mosquitoes, globally kills several millions a year, 
through microbial diseases such malaria, yellow 
fever, rift valley fever, dengue fever and west Nile 

virus (Schneider et al., 2006). There are more 
than 3500 species of mosquitoes spreading 
allover the world, the need to control them was 
the priority in disease control. Chemical pesticides 
took place for long time in mosquito control 
programs in the form of larvicides and adulticides. 
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Mosquito chemical control caused pollution to the 
environment and health hazards against both 
animals and humans. Meanwhile, mosquitoes 
developed different degrees of resistance against  
chemicals used to control them which raised the 
cost of mosquito management to billions of dollars 
worldwide annually (Pérez-Pacheco et al., 2005; 
WHO, 2015). Therefore, biological control of 
mosquitoes becomes an urgent need to replace 
unsafe polluted chemicals. One of the choices in 
mosquito biological control is the bacterium 
Bacillus thuringiensis subsp. israelensis (B. t. i.), it 
kills mosquito larvae by producing toxins (Aodeh 
and Al-Salihi 2014; Naz et al., 2014 ; Dambach et 
al., 2014). In contrast, fungi were used against 
both immature and adult stages of mosquitoes, 
such as Culicinomyces spp., and Lagenidium spp. 
(Couch, 1935; Scholte et al., 2004; Sweeney and 
Panter, 1977). Other invertebrates such as 
mermithid nematodes were also used in biological 
control programs of mosquito larvae (Wang et al., 
2012; Sanad et al., 2013; and Dong et al., 2014). 
Predators of mosquito larvae are available in 
nature and they are inexpensive to culture and 
release, for example, the crustacean predators, 
copepods such as Macrocyclops spp. are active 
killers of mosquito larvae, (Nam et al., 2000). 
Using the crayfish Procambarus clarkii in 
controlling mosquitoes was previously recorded 
(Mkoji et al. 1992). This species of crawfish is 
indigenous to Northern Mexico and Southern 
United States, it has been introduced into several 
African countries, namely, Kenya, Uganda, 
Sudan, Zambia, Zimbabwe, and South Africa 
(Hobbs et al. 1989). It was also introduced in the 
early 1980's to Egypt (Hamdi, 1994). Previous 
studies on the ability of crayfish to control 
schistosome-transmitting snails in Kenya was 
published (Mkoji et al. 1992). In the present work, 
we will test the ability of this crayfish species to 
control mosquito larvae. 
 
MATERIALS AND METHODS 

2.1. Prey culture: 
The mosquito Culex quinquefasciatus Say, 1823 
colonies were obtained and established from the 
mosquito culture laboratory in the Applied Center 
for Entomonematodes (ACE), at the Department 
of Zoology and Agricultural Nematology, Faculty 
of Agriculture, Cairo University. The colony was 
maintained at room temperature of (26ᵒ±2ᵒC) and 
a relative humidity of 75% with a 12L:12D 
photoperiod. Adults were held in wooden frame 
cages (45 X 45 X 45 cm) with metal mesh and 

supplied by 10% sucrose solution on cotton wicks. 
Restrained adult guinea pigs were used to blood-
feed female mosquitoes. Egg rafts were collected 
from a black, 500-ml plastic container. Hatched 
larvae were held in (30 X 15 cm) plastic 
containers filled with 1 liter of dechlorinated water 
and 0.15 g of Brewer’s yeast : lactalbumin (50:50). 
The water was replaced with dechlorinated fresh 
water every other day, whereas food was daily 
added. Dechlorination of tap water was 
accomplished by adding one drop of 10% sodium 
thiosulfate per liter of tap water (White, 1999). All 
experimentally used mosquito instars were 
selected hatching from the same egg raft with the 
same size. 

2.2. Maintaining of the Predator: 
The crayfish, Procambarus clarkii (Gerard, 1852) 
used in all experiment were obtained from 
different natural fresh water bodies in the Nile 
delta, Egypt by crayfish nets, and has been 
maintained in the Applied Center for 
Entomonematodes (ACE), Department of Zoology 
and Agricultural Nematology, Faculty of 
Agriculture, Cairo University. All crayfish used 
were measured (body length from head to tail) in 
which length range of males from 7 to 8.6 cm, 
while body length of females ranged from 7.1 to  
9cm with no significant differences. All individuals 
were kept in 10 liters plastic containers containing 
aerated dechlorinated tap water by adding one 
drop of 10% sodium thiosulfate at room 
temperature of (26ᵒ±2ᵒC) and a depth of 15 cm. 
Crayfish individuals were fed on lettuce leaves 
and/or mosquito larvae according to the protocol 
in each experiment. If a single crayfish was used  
in a certain test, each one was introduced into 
plastic container of [20 (length) X 20 (width) X 10 
cm (depth)] filled with dechlorinated tap water.  

2.3. Prey stage: 
To test the effect of mosquito stage on the 
predators' feeding preference, 10 plastic 
containers each filled with 500 ml of dechlorinated 
tap water and one crayfish were used. A Total of a 
mixed 200 mosquito larvae, 50 from each instar 
(1

st
 up to the 4

th
) were introduced to each 

container. Survived mosquito larvae were counted 
in each container 24h after exposure to the 
crayfish to calculate percentage of devoured 
mosquito larvae by the predator within a day. 
Same numbers and instars of mosquito larvae 
were placed to water filled containers without 
crayfish to serve as a control. In each experiment, 
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10 replicates were used for treatments and 
control. The experiment was repeated 5 times. 

2.4. Predator gender:  
Both females and males of Procambarus clarkii 
were identified by the presence of sperm 
receptacles in the females and gonopods in the 
males at the animals' ventral side (Alkaddissi et 
al., 2012). To determine whether the predators' 
sex affect their predation efficiency, 5 adult males 
and 5 gravid females of crayfish were added 
separately into 10 plastic containers filled with 500 
ml of dechlorinated tap water. Two hundred 
mosquito larvae from each of the four mosquito 
instars were introduced to each container. 
Percentage of survived mosquito larvae were 
counted in each container 24h post exposure. The 
experiment was repeated 5 times with 5 replicates 
for each treatment and control. 

2.5. Prey population densities: 
The relationship between mosquito population as 
prey and the rate of crayfish predation was tested. 
Ten plastic containers half filled with 500 ml of 
dechlorinated tap water were used. Ten 4

th
 instar 

mosquito larvae were introduced to a single 
crayfish in the first day and numbers of consumed 
mosquito larvae were counted 24h post exposure 
to the predator. In the second day extra 4

th
 instar 

mosquito larvae were added to complete the 
numbers of mosquito larvae to 50, again numbers 
of consumed larvae were counted 24h post 
exposure of the 50 larvae to the predator. In the 
third and fourth days more 4

th
 instar mosquito 

larvae were added to reach 100 and 200 larvae 
respectively per each crayfish. Consumed 
mosquito larvae were also counted 24h. post 
exposure to the predator. This experiment was 
repeated 3 times with 10 replicates per each 
treatment. Numbers were transferred to 
percentages and presented in Figure 4.  

2.6. Accidently amputated chelipeds and 
predation rate: 
Among tested adults of P. clarkii, we have found 
individuals accidently lost one or two of their 
chelipeds. Then, we have decided to determine 
whether the presence of the predators' chelipeds 
affect the rate of  predation, 3 random groups of 
mixed adults (males and females) of crayfish were 
placed separately each with 50 fourth instar 
mosquito larvae into plastic containers filled with 
500 ml of dechlorinated tap water. Each group 
consisted of 5 individuals. Group one was 
selected without chelipeds, while group 2 had one 

cheliped in each animal and finally the third group 
had normal crayfish with 2 intact chelipeds. 
Predation rate of crayfish on mosquito larvae were 
calculated 24h post predator exposure by 
counting  the survived mosquito larvae.  

2.7. Food preference: 
Lettuce as a vegetal food source, and mosquito 
larvae as an animal food source and a mixed diet 
of both were used to form three types of diets to 
be served to the crayfish. This experiment was 
designed to determine whether the predator 
depends only on vegetal source of food (lettuce) 
or needs an animal food source. (mosquito 
larvae). Ten crayfish were placed individually in 
10 plastic containers filled with 500 ml of 
dechlorinated tap water. Lettuce leaves were cut 
in circlers with a diameter of 9 cm then divided 
into 4 equal parts (4.5 cm length × 4.5 cm width) 
as shown in fig (1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. A Diagram shows the dimensions of the 
4 quarter parts of the lettuce leaf, each part is 
(45 mm × 45 mm) will be placed in a 90 mm 
Petri dish and equally cut.  
 
The animal diet of 50 4

th
 instar mosquito larvae 

were added to each container and eventually a 
mix of lettuce leaves and 50 mosquito larvae were 
added to the last group of containers. Each food 
source was placed with the tested crayfish 
individually for 24h. Results were recorded by 
counting survived mosquito larvae and measuring 
area of the missing parts of the lettuce leaves. 
Ten replicates were used in each treatment, and 
the experiment was replicated for three times.  
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2. 8. Statistical analysis: 
All data were analyzed by one-way analysis of 
variance (ANOVA) using Fisher’s Least Significant 
Difference (LSD) in multiple range tests among 
the means (P ≤0.05). Data are presented as mean 
± SE (Triola et al., 2017). 
 
RESULTS  

Different aspects of the crayfish animal 
behavior as a biocontrol agent of mosquito larvae 
were tested as follows:  

3.1. Prey size preference: 
Data in fig. 2 point to the significant 

differences between early and late mosquito 
instars as preys of the crayfish. Clearly, this 
predator preferred late mosquito instars over early 
stages with a predation rate of  (26.4% ± 1.33, 
45.4% ± 2.23, 71.2% ± 1.55 and 75.8% ± 1.92) for 
the first, second, third and fourth Culex 
quinquefasciatus mosquito instar larvae, 
respectively. 

 
 

Fig 2. Predation preference of the Cray fish (Procambarus clarkii) on different instars of Culex 
quinquefasciatus mosquito larvae. Bars with different letters are significantly different. ANOVA 
and LSD tests were used at 0.050 level of probability. 
  
 

 
 

Fig 3. Effect of Procambarus clarkii gender on the predation efficiency on different instars of 
Culex quinquefasciatus mosquito larvae after 24 hours post-exposure. Bars with different letters 
are significantly different. ANOVA and LSD tests were used at 0.050 level of probability. 
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3.2. Predator's gender effect on the predation 
of mosquito larvae:  

In the current test, we found that more 
mosquito larvae were consumed by gravid female 
crayfish than males. This phenomenon was 
discovered when fewer numbers of mosquito 
larvae was observed in containers with gravid 
crayfish females. Predation rate in gravid crayfish 
females and males was tested and recorded 
within 24h post exposure of the mosquito larvae to 
the predator. Fig. 3 indicates that crayfish gravid 
females are more efficient predators than adult 
males. When fourth instar mosquito larvae were 
used, the predation rate of crayfish gravid females 
was 79.6±1.60% meanwhile the rate has dropped 
to 72.00±2.61% when crayfish males were used. 
In younger mosquito instars, the same trend was 
observed and gravid females of crayfish 
consumed more 3

rd
 instar mosquito larvae with a 

rate of 72.8±1.02% while males have consumed 
69.60±2.93%. When 2

nd
 instar mosquito larvae 

were used the crayfish gravid females predated 
upon 52%±0.89% of mosquito larvae while males 
consumed only 39.2±1.62. Finally, when 1

st
 instar 

mosquito larvae were added to the crayfish 
containers, gravid female predators had 
consumed an average of  (28.4%) of the total 
mosquito larvae and males predation rate was 
reduced to (24.4%). No significant differences 

were recorded between all predation rates in adult 
males and gravid females.   

3.3. Effect of prey population densities on 
predation rate:  

Figure (4) shows that predation rate had 
increased when higher numbers of mosquito 
larvae were added. When 10 mosquito larvae 
were placed with one crayfish in one container, 
2.8±0.37 mosquitoes were consumed. In contrast, 
when 200 mosquito larvae were placed with one 
crayfish in one container, 116.4±0.81 mosquitoes 
were consumed. The data indicated that, although 
number of mosquito larvae (preys) were raised up 
to 20 folds, predation rate has increased more 
than 40 folds. 

3.4. Importance of chelipeds in mosquito 
larvae predation rate:  

The presence of either one or two crayfish 
chelipeds resulted in different predation rates of 
75.2% ± 2.58 and 77.6% ± 1.17 of mosquito 
larvae respectively, with no recorded significant 
differences. Meanwhile, predation rate had 
dropped to only 52.8% ±2.24, a significant 
different rate, when the animals accidently lost 
both chelipeds (fig. 5). 

 
 

 
 
Fig 4. Number of consumed mosquito larvae of Culex quinquefasciatus as preys of the  Crayfish 
Procambarus clarkii at different mosquito densities through 4 days. Bars with different letters are 
significantly different. ANOVA and LSD tests were used at 0.050 level of probability. 
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3.5. General food preference (Does crayfish 
prefer animal over vegetal diet?) 

Feeding preference of crayfish between an 
animal diet (mosquito larvae) and a vegetal diet 
(lettuce leaves) was tested. Fifty mosquito larvae 
were offered to one crayfish animal. After 24hr, 
mosquito larvae were counted to determine the 
missing larvae due to crayfish feeding. It was 
found that the crayfish, P. clarkii consumed 
66.66% of the total mosquito larvae. When only 
equal pieces of lettuce leaves were offered to one 
crayfish and left for 24h, the animal consumed 

80% of the total lettuce leaves placed for feeding 
(fig. 6-A). When a mixed diet (mosquito larvae + 
lettuce leaves) was offered to one crayfish. The 
animal has surprisingly consumed more mosquito 
larvae (81.20%) and less vegetal diet (27.5%) (fig. 
6-B). Our data in figure 6-B have also indicated 
that, P. clarkii consumed lettuce plant leaves that 
were added in their aquaria and indicated for the 
first time, that P. clarkii can also reduce numbers 
Culex quinquefasciatus mosquito larvae that are 
vectors of human and animal viral diseases and 
elephantiasis by feeding on their immature stages. 

 
Fig 5. Effect of the P. clarkii cheliped's number on the predation efficiency on Culex 
quinquefasciatus mosquito larvae. Bars with different letters are significantly different. ANOVA 
and LSD tests were used at 0.050 level of probability. 
 

 
Fig. 6-A. Food consumption of P. clarkii when lettuce was offered alone and when a mixture of 
both lettuce and mosquito larvae were offered to the predator. Bars with different letters are 
significantly different. ANOVA and LSD tests were used at 0.050 level of probability. 
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Fig. 6-B. Consumption of mosquito larvae by P. clarkii when they were offered alone and when a 
mixture of both lettuce and mosquito larvae were offered to the predator. Bars with different 
letters are significantly different. ANOVA and LSD tests were used at 0.050 level of probability. 
 

DISCUSSION 
Procambarus clarkii was proven to act as a 
biological control agent of many aquatic snail 
types that carry immature stages as intermediate 
hosts of human and animal parasitic diseases 
including Schistosomiasis. In Kenya, (Bruce et al., 
1991) had shown that, Procambarus clarkii, is an 
antagonistic agent against schistosomiasis. It may 
have a great potential both as a predator and as a 
resource competitor with schistosomes carrying 
snails in East Africa. This species was also tested 
for its ability to serve as a biological control agent 
of Biomphalaria Pfeiffer (Krauss), a molluskan 
intermediate host of intestinal schistosomiasis. As 
they tested them in both outdoor aquaria and in 
the field. They have found that crayfish were able 
to significantly reduce snail populations in both 
habitats (Bruce et al., 1991). 
In other African countries including Egypt, data 
had provided encouraging information about the 
possibility of overcoming schistosomiasis and 
fascioliasis great problems using the snail eating 
red swamp crayfish that was accidently introduced 
to Egypt in the 1980's. Data recently recorded in 
Egypt have indicated that the presence of both 
blood and liver flukes infected people decreased 
significantly to only 4% in 2010 comparing to 45% 
during the 1960s (Khalil & Sleem 2011). 
Procambarus clarkii feeding behavior is mainly 
omnivorous as recorded by our present research 

work and previous work by Smart et al., 2002, in 
the ecosystem of the tested Naivasha lake in 
Kenya. They had discovered the disappearance of 
native floating and submerged plants in Lake 
Naivasha in 1982 where great numbers of P. 
clarkii were found. While in 1996, they recorded 
the recovery of aquatic plants with the decline of 
P. clarkii populations. This important observation 
had confirmed the crayfish omnivorous behavior 
which agree with our results. More studies have 
indicated that, this species of crayfish is known to 
consume most species of aquatic plants that 
forming an essential part of its diet (Groves, 1985; 
Bishop, 1992).  
Our data in fig. 4 indicated that predation rate in 
the tested crayfish increased when higher 
numbers of mosquito larvae were added e. g. 10, 
50, 100 mosquito larvae to one crayfish. Rate of 
predation dropped when 200 mosquito larvae 
were added to each container with one predator 
(fig. 4). The first obvious explanation for this 
behavior is, the presence of higher numbers of 
mosquito larvae made it easier for the predator to 
locate and capture these larvae, but this was 
limited to a certain numbers of mosquito larvae (e. 
g. 100) when 200 mosquito larvae were added to 
each container, the predators lost their craving for 
the mosquito larvae through time (the 4

th
 day) and 

consumed less numbers of mosquito larvae. 
All freshwater crayfish species in North and 
Middle America (Cambaridae: Decapoda) 
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including Procambarus clarkii show “form 
alteration" (Payne, 1996 & Stein 1976). In this 
phenomenon, adult males of crayfish exhibit 
larger chelipeds and actively predate their food 
during reproductive season (Form I), then they 
molt into Form II that have smaller chelipeds with 
non-active function to forage their food. This 
observation has shown that form alteration in 
adult males strongly affects their feeding behavior. 
We didn't observe such phenomenon in our 
samples, this can be attributed to the alteration of 
animal behavior due to habitat changes as a 
native species to North America and an invasive 
species in Egypt. It was not observed also in 
earlier biological studies on this invasive species 
in Egypt throughout the last 23 years (Hamdi, 
1994, Hamdi & Fol, 2017, and Hamdi personal 
communications). We looked for this phenomenon 
among our samples, but we didn't observe it, 
instead we have found among our crayfish 
specimens, individuals (both adult males & 
females) that accidently lost one or two chelipeds, 
we have then decided to test the effect of losing 
crayfish chelipeds on the mosquito predation 
ability regardless of their gender. This factor was 
not investigated before in any earlier studies and 
the only two papers recorded that P. clarkii feeds 
on mosquito larvae is the scientific note by 
Ibrahim et al., 1995 and another paper by Mkoji et 
al., 1999 who stated that this animal consumed 
aquatic forms of the mosquito Anopheles gambiae 
and, therefore, it may have an impact on fatal 
diseases such as Malaria in Kenya. 
Earlier studies of field surveys had shown that red 
swamp crayfish populations has a wide range of 
distribution along the irrigation systems of the Nile 
Delta in Egypt, up to Ismailia, Qalyobiya and 
Behera governorates and even extended to Sinai. 
Moreover, it has a wide range of feeding diets, 
such as non-operculate freshwater snails, small 
fish and aquatic plants (Khalil & Sleem 2011).  
Our data in figure 6-A have indicated that, P. 
clarkii consumed lettuce plant leaves that were 
added in their aquaria. Similar results were 
obtained by Ibrahim et al. (1995) and (Khalil & 
Sleem 2011), when they reported that P. clarkii 
has actively fed on vegetal diet of the aquatic 
plant Elodea canadensis. Another study was 
conducted by Gutiérrez-Yurrita et al., 1998 had 
indicated that this crayfish is a polytrophic 
species. They also stated that its diet consists of 
mostly non-green plant, euphoria (80%), followed 
by rhyzomes of Scripus sp. (50%), green plants 
(36.8%), and organic sediment (30.1%). Animal 
food items were represented mainly by insects 

(24.9%), which included a wide variety of aquatic 
animal larvae, Cladocerans (16%), and Gambusia 
holbrooke (14%). Both immature and adult size-
classes of this crayfish ingested mainly plants and 
organic detritus, but a higher proportion of animal 
food has been recorded in young animals (<30-
mm carapace length) compared to adult crayfish 
Gutiérrez-Yurrita et al., 1998. The past data agree 
with our results on Culex quinquefasciatus 
mosquito as a source of protein. However, our 
current results contradict with the data obtained 
by Smart et al., 2002 who stated that crayfish 
prefer herbal diets over animal diets. Our current 
data have determined that the predator's gravid 
females consumed more mosquito larvae than 
males and this can be attributed to the need of 
more animal protein source necessary for the 
growth and development of the predator's fertile 
eggs and the completion of the animal life cycle. 
In support of our findings, an earlier study had 
indicated that P. clarkii consumed aquatic forms of 
the mosquito Anopheles gambiae and, therefore, 
may have an impact on fatal diseases such as 
Malaria in Kenya where the crayfish has become 
a common aquatic animal (Mkoji et al., 1999). Our 
present work also indicated, for the first time, that 
P. clarkii can reduce Culex quinquefasciatus 
mosquito species a common vector of human and 
animal viral diseases and elephantiasis by feeding 
on their immature stages such as the larvae.  
In Kenya, P. clarkii appears to be well adapted to 
small permanent bodies of water (Hofkin et al. 
1991, Loker et al. 1992) that also serve as 
breeding sites for mosquitoes and snails, vectors 
and intermediate hosts of fatal diseases (Lockhart 
et al. 1969, Hunter et al. 1993). These facts shed 
lights on the beneficial side of this crayfish as a 
biological control agent of mosquito larvae in fresh 
water bodies (Mkoji et al., 1999).  
In contrast, fishermen consider this species as a 
harmful one since it feeds on small fish and 
attacks fish nets in most fresh water irrigation 
systems and natural water bodies. Farmers also 
observed this animal burrows through small water 
channels in agricultural fields, causing water 
flooding into lands and accidently damage 
neighboring field crops and vegetables. In 
addition, this animal feeds on buds of crops 
(Ibrahim et al., 1995). Although fishermen and 
farmers consider crayfish as a harmful animal 
they ignore other beneficial sides of this animal 
such as feeding upon and competing with 
freshwater snails that are intermediate hosts of 
liver and blood flukes as well as feeding on 
immature mosquito stages reducing numbers of 
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dangerous disease vectors.  
In conclusion, the present work indicates that 
crayfish can act as a biological control agent not 
only against immature mosquitoes (present work) 
but also against harmful snails that harboring 
immature stages of parasitic diseases of animals 
and humans (earlier studies). These facts provide 
beneficial sides of using this invasive species of 
the red swamp crayfish as effective biological 
agent in control programs of schistosomiasis, 
fascioliasis and mosquitoes in Egypt (Khalil & 
Sleem 2011).  

CONCLUSION 
As a final and special conclusion, red swamp 
crayfish in Egypt although an invasive species 
accidently introduced into the Nile water should 
also consider a beneficial organism. It will serve 
our needs in Egypt as an adapted predator of 
mosquito immature stages that in the present time 
dominate all living organisms in water drainage 
channels of most Egyptian villages as disease 
vectors and terrible annoyance to humans and 
animals as well (Shamseldean, personal 
observation). Further studies are required to 
determine the potency of P. clarkii as a biocntrol 
agent of mosquito larvae in the fields and its 
impact on non-target organisms such as other 
beneficial aquatic insects coexist with mosquito 
larvae. 
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