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ABSTRACT

Mosquitoes play a major role in diseases transmission and distributions, such as
filariasis and malaria. The understanding of environmental factors that affect their
larval abundance is a key factor for their control. Thus this study aims at investigating
mosquitoes' larval abundance in a region known to be endemic for malaria
mosquitoes' related diseases in Sharkia Governorate. Measuring environmental factors
were: pH, total dissolved solids “TDS”, turbidity, water and air temperatures, relative
humidity, wind speed, water hyacinths, sun light, water flow, and width and depth of
drains in relation with these environmental factors on larval abundance. Six
mosquitoes species were recorded and identified in different locations from study
sites of 9 drains: Abu Kbeer, Dyarb Negm and Al-Zakazik. Culex pipiens, Culex
perexiguus, Culex antennatus, Culex pusillus, Culex sinaiticus and Ochlerotatus
detritus were found to be dominant in these localities. Culex pipiens was the most
dominant species (79.79%) in all localities. Results were shown and discussed in
detail.
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INTRODUCTION

Mosquitoes are considered a very important vector for filariasis and malaria.
Filariasis is a widespread disease in Sharkia Governorate (Shawarby et al., 1965 and
Kaschef et al.,1982) and transmitted mainly by Cx. pipiens. Malaria has an old history
as the only outbreak of malignant (falciparum) malaria occurred in the Nile Delta
(Farid, 1940).

Understanding of mosquitoes bionomics is of key importance in the
epidemiology of mosquito-borne diseases and in planning methods of mosquitoes
control. Climatic factors play an important role in species distribution, behavior,
survival and vectorial status. Water is an essential component of the mosquitos'
environment and whether it is running, standing, clean or polluted, sweet or brackish,
shaded or sunlight, frequently determines which species of mosquitoes breeds in it.
The environments of the immature stages and adult mosquitoes are interdependent
since the adult mosquitoes must have access to water for egg laying. (WHO manual of
mosquitoes control, 1988).

Cx. pipiens was the main vector disease of human for filariasis in Egypt (Gad et
al., 1987). Wuchereria bancrofti has been endemic in Egypt since pharaonic times
(Laurence, 1967), and it was considered as a major health problem throughout the first
half of the 20™ century (Baz, 1946).

Six species of mosquitoes were previously reported in Sharkia: Cx. pipiens
Linnaeus, Cx. perexiguus Theobald, Cx. antennatus (Becker), Cx. (Barraudius)
pusillus Macquart, Cx. sinaiticus Kirkpatrick and Aedes (Ochlerotatus) detritus
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(Haliday). The last two were identified as newly distributed species. Cx. pipiens, was
the most common species. (Abdel-Hamid et al., 2009).

Cx. pipiens breeds in seewage canals and drains, wells and cesspits, but not in
rice fields in which Cx. antennatus prefers as breeding habitat. Cx. antennatus breeds
also in the same breeding sites of Cx. pipiens, Cx. univittatus breeding habitats were
found to resemble more or less those of Cx. antennatus. On the other hands,
Theobaldia longiareolata larvae were recovered from the same breeding sites of Cx.
pipiens. Rice fields were found also negative for this species. Wassif (1969)
stated““Ae. caspius breeds in seepage, canals and drains”.

Anopheles pharoensis was present in summer and autumn, Uranotaenia
unguiculata from October to December; Culiseta longiareolata from December to
June (with a peak in March), Ae. caspius in late autmn and winter; Cx. pusillus from
September to November, Cx. perexiguus from September to November, Cx. pipiens
which was so numerous throughout the year that it was difficult to determine its
seasonal peak. (Kirkpatrick, 1925).

Sharkia Governorate covers about 4911 km? at the east of Nil Delta with a
population of 5,354,041 inhabitants (2010 public census). Sharkia bordered from the
north by El Manzlah Lake, from the east by Ismailia, from south by Al Qalyubiah and
from west by El Daqahliyha. It represents various topographic areas including
agricultural, semi desert, and desert areas. It contains 15 towns and over 4000 villages
with various human activities.

The agricultural drainage water reuse is defined as the use of water discharge
repeatedly, source "Nevada's Water Dictionary" (Mostafa et al., 2004). The degraded
water quality threatens the expansion and even the continuation of the reuse of
drainage water from the main drains in the Nile Delta. (Hussein et al., 2008).

The objective of the present study is to evaluate the effect of some
environmental factors on the mosquitoes larvae abundance. The former was
undertaken in selected sites in one of our Governorates, Sharkia, known to have
plenty of mosquitoes habitats and this may have an influence on man's hygiene.

MATERIALS AND METHODS

The study sites

Work was carried out from April to June 2012 in different mosquitoes
breeding sites in Sharkia Governorate. Nine drains in three different cities were
selected to conduct this study, Figs. 1&2.
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Fig. 1: Map of Sharkia Egypt Fig. 2: Map of the study area
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Habitat characterization

Classification of aquatic habitats based on their size and appearance. Emergent
vegetation cover was defined as the proportion of the water surface area that was
covered by emergent vegetation. Floating vegetation cover was estimated as the
proportion of the water surface area that was covered by floating vegetation. Any
plant below the water surface was classified as submerged vegetation, and the
proportion of water surface area covered by this vegetation was estimated (Ephantus
etal., 2007)
Larval surveys

Larval surveys were carried out for three monthes (April, May and June 2012).
Larvae were collected by aquatic net having half circular net with 45 cm diameter
fixed at the end of a long stick. After collection, larvae were kept in 70% ethyl alcohol
in glass vials, labeled and transferred to the laboratory for classification. Keys given
by Kirkpatrick (1925) and Harbach (1988) were used for mosquitoes identification.
Environmental factors measurements

Parameters that measured for each sample; pH, Total Dissolved Solids (TDS)
and turbidity. Other water parameters were taken in site of collection: water & air
temperatures, percent of relative humidity (RH), wind speed, water hyacinths
capacity, sun light, water flow speed, width and depth of drains.
Geographical information system mapping

Digital map of Egypt was obtained from Geographic information system unit
(GIS) in Egyptian ministry of environmental affairs agency (EEAA), appearing
various divisions of Egypt with different feature classes for drains, rivers and roads.
Coordinate system used in digital maps was GCS WGS 1984 and Datum
D WGS 1984. Computer program Arc view 9.1 was used for producing maps
showing distribution of mosquitoes larvae in the Governorate.
Data analysis

The SSP (Smiths Statistical Package, version 18) computerized program was
used for statistical analysis. Means, standard deviations and standard errors, were
calculated for larval densities of mosquitoes species. Means were compared by the
one-way ANOVA and if significantly different, they were exposed to pairwise
comparison by Tukey test. Multiple Regression analysis was used to examine the
relation of larval density to some environmental variables of the breeding water.

RESULTS

a- Relative abundance of mosquitoes species

Mosquitoes larvae were collected from nine sites in three towns in Sharkia
Governorate Table 1. A total of 3572 larvae were recorded of which the lowest
number of larvae was 27 larvae in site 9 (0.8%) and the highest number of larvae was
764 in site 3 (21.4 %). Mosquitoes larvae were higher in Abu Kbeer (1710 Larvae)
than in the other towns.

Fig. 3 shows that Abu Kbeer was highest (ca. 47.87 %, 1710 larvae) Al-Zakazik
(ca. 27.29 %, 975 larvae) and comparing by Dyarb Negm (ca. 24.84 %, 887 larvae).
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Table 1: Mosquitoes larvae species abundance that found in sites of collection in Sharkia Governorate

Town Abu Kbeer Dyarb Negm Al-Zakazik
Total Percent
Site 1 2 3 4 5 6 7 8 9
C.pipiens 361 381 642 18 129 533 272 497 17 2850 79.79%
Cx.antennatus 36 71 75 8 16 83 31 71 1 398 11.14%
Cx.perexiguus 23 44 35 0 5 58 16 33 4 218 6.10%
Cx.pusillus 7 11 10 5 6 14 4 16 3 76 2.13%
Oc.detritus 5 4 2 0 0 3 2 0 2 18 0.50%
Cx.sinaiticus 1 2 0 6 0 3 0 0 0 12 0.34%
Total larvae 433 513 764 37 156 694 325 623 27 3572 100%
Percent % 12.1% 14.4% 21.4% 1% 4.4% 19.4% 9.1% 17.4% 0.8% 100%
Total number in 1710 887 975 3572
each town
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40% 60% +—|
30% 27.29%. 50% 1
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Fig. 3: Percentages of all collected mosquitoes larvae from Fig. 4: Percentages of collected species of mosquitoes larvae
three towns at Sharkia Governorate

Six mosquitoes species were identified; Cx. pipiens, Cx. perexiguus, CX.
antennatus, Cx. pusillus, Cx. sinaiticus and Oc. detritus. Fig. 4 shows that Cx. pipiens
was the dominant species (79.79%, 2850 larvae) compared to Cx. antennatus
(11.14%, 398 larvae), Cx. perexiguus (6.10%, 218 larvae), Cx. pusillus (2.13%,76
larvae), Oc. detritus (0.50%, 18 larvae) and Cx. sinaiticus (0.34%, 12 larvae).

The data in Table 2 shows that larvae of different species were different in
abundance in all breeding habitats; Cx. pipiens was the most common (105.56 +
21.322), Cx. antennatus (14.74 + 2.129), Cx. perexiguus (8.07 + 1.269), Cx. pusillus
(2.81 £ 0.506), Oc. detritus (0.67 + 0.185) and Cx. sinaiticus (0.44 + 0.252).

Table 2: Number and averages (SE+) of mosquitoes larvae collected during the study period

Species No. larvae Mean + SE
Cx.pipiens 2850 105.56 £21.322
Cx.antennatus 398 14.74 £2.129
Cx.perexiguus 218 8.07 £ 1.269
Cx.pusillus 76 2.81 £0.506
Oc.detritus 18 0.67 £0.185
Cx.sinaiticus 12 0.44 + 0.252

Table 3 illustrated that site 3 was the higher one according to number of larvae
collected with the higher abundance rate (109.14 + 89.41larva/site) and site 9 had the

lowest larval abundance (3.86 + 2.26 larva/site).
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Table 3: Larval abundance of sites in different towns at Sharkia Governorate

Sites Larvae Number Mean + SE
1 433 61.86 +£50.10
2 513 73.29 +52.25
3 764 109.14 + 89.41
4 37 5.29+2.46
5 156 2229+ 17.92
6 694 99.14 + 73.31
7 325 46.43 +37.84
8 623 89.0 + 68.81
9 27 3.86+2.26

b- Effect of some environmental variables on mosquitoes larval abundance

Data in Table 4 shows the effect of pH, TDS, turbidity, water temperature, air
temperature, RH, wind speed, water hyacinths, sun light, water flow, drain width and
drain depth on larval abundance.

Table 4: Multiple regression analysis for the effect of environmental variables on larval abundance of

mosquitoes

Environmental variables Coefficients P values Mean + SE
pH .370 .057 7.1815+.07717
TDS .307 .120 911.19 + 66.977
Turbidity 470%* .013 37.7778 + 5.14860
Water temperature °C .300 129 26.5556 + 35711
Air temperature °C 221 .269 26.3100 + .47185
R.H .079 .694 44.5689 £ 77746
Wind speed .170 .396 16.5233 +£.18353
Water hyacinths -.830 ** .006 58.8889 + 7.14788
Sun light .625 .072 2.44 + 326
Water flow .359 343 1.33+.185
Drain width -.352 352 4.3333 +£.26554
Drain depth -721 * .028 1.1259 +.09646

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Fig. 5 indicates that pH, TDS, turbidity, water temperature, air temperature,
relative humidity, wind speed, sun light and water flow have positive effects on larval
abundance. Water hyacinths, width and depth of drains have negative effect on larval
abundance.

Sunlight has strong positive effect on larval abundance (0.625, p>0.05) and
relative humidity has weak positive effect on larval abundance (0.079, p>0.05). While
pH, TDS, turbidity, water temperature, air temperature, wind speed and water flow
have moderate effects on larval abundance.

Water hyacinths has strong negative effect on larval abundance (-0.830, p<0.01)
and drain wide has the weak negative effect on larval abundance (-0.352, p<0.01).
While drain depth has moderate negative effect.

Data in Table 5 indicates that the strongest parameter that affect abundance of
Cx. pipiens, Cx. perexiguus, Cx. antennatus, Cx. pusillus, Cx. sinaiticus and Oc.
detritus is water hyacinths, drain depth, sun light, water temperature and pH (Pearson
correlation, -0.752, -0.554, -0.606, 0.571,-0.485, 0.413), respectively.



54

Arafa El-naggar et al.

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

-1

T T \D\ T
. <
¢ & & & &S & & & o | e
{0 é @‘q, éﬁg O M & ésé al
SO & ‘xﬁ‘v = OO
B D <A
«a&Q \z&Q ".& Q‘ Q‘
i S -3
X »
é‘z«

Fig. 5: Regression coefficients of some environmental variables for collected mosquitoes larvae

Table 5: Multiple regression analysis for the effect of some environmental variables on densities of
different mosquitoes species

Environmental variables Cx.pipiens | Cx.perexiguus | Cx.antennatus | Cx.pusillus | Cx.sinaiticus Oc.detritus
Pearson Correlation 310 545" 5717 470" 024 4137
pH
Sig. (2-tailed) 115 .003 .002 013 907 032
Pearson Correlation 269 424 3927 232 129 .020
TDS
Sig. (2-tailed) 174 028 043 245 .520 919
Turbidity NTU Pearson Correlation 431 .540 542 .280 .046 .060
Sig. (2-tailed) 025 004 .004 157 821 767
Water Pearson Correlation 366 024 -.029- - 4747 -485-" -358-
temperature °C
Sig. (2-tailed) .060 905 .886 012 010 067
Air temperature  Pearson Correlation 273 039 -016- -457-" -465-" -.288-
°C
Sig. (2-tailed) .168 845 938 017 014 145
RH % Pearson Correlation 120 -.010- -.064- -431- -.410- -.227-
Sig. (2-tailed) 552 961 753 025 034 255
Wind speed Pearson Correlation 157 .091 133 319 250 .088
(km/h)
Sig. (2-tailed) 434 652 .507 .105 209 663
Water Pearson Correlation -752-" -413-" -453-" 124 334 054
hyacinths
density Sig. (2-tailed) .000 032 018 539 .088 789
. Pearson Correlation 206 204 398" 5717 341 -071-
Sun light
Sig. (2-tailed) 303 309 040 .002 082 725
Pearson Correlation 203 306 457 5127 -305- -.042-
Water flow
Sig. (2-tailed) 311 121 017 .006 121 837
. . Pearson Correlation -272- -.056- -.285- -215- 213 261
Drain width m
Sig. (2-tailed) 170 783 .149 281 287 .188
. Pearson Correlation -517-" -.554-" -.606-" -267- 339 130
Drain depth m
Sig. (2-tailed) 006 003 001 178 084 S17

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figs. 6&7 indicates that all species recorded positively correlated with pH, TDS,
turbidity, wind speed and sun light. Except Cx. sinaiticus and Oc. detritus all species
positively correlated with water flow and negatively corelated with drain width and
depth. All species negatively correlated with water temperature and air temperature
except Cx. pipiens and Cx. perexiguus. All species negatively correlated with RH
except Cx. pipiens. Cx. pipiens, Cx. perexiguus and Cx. antennatus negatively
correlated with water hyacinths and positevly correlated with Cx. pusillus, Cx.

sinaiticus and Oc. detritus.

Cx.pipiens

-0.8

Cx.perexiguus

Cx.antennatus

0.8

Cx.pusillus

Oc.detritus

Fig. 6 (A-F): Regression coefficients of some environmental variables that affect different mosquitoes

species collected during the present study.
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(A-L): Regression coefficients of some environmental variables that affecting different

mosquitoes species collected during the present study.




The impact of some environmental factors on the abundance of mosquitoes larvae 57

DISCUSSION

In the present study, six mosquitoes species were reported at Sharkia
Governorate; Cx. pipiens, Cx. perexiguus, Cx. antennatus, Cx. pusillus, Cx. sinaiticus
and Oc. detritus. However eight culicine mosquitoes species were previously reported
from Sharkia governorate (Kaschef et al., 1982; El-Said and Kenawy, 1983; Kenawy
et al., 1996 & 1998; El-Bashier et al., 2006 and Abdel-Hamid et al.,2009). The eight
reported species were Cx. pipiens, Cx. perexiguus, Cx. antennatus, Cx. pusillus, Cx.
poicilipes, Ae. caspius, Cu. longiareolata, Ur. unguiculata, Cx. sinaiticus and Oc.
detritus.

Based on results concluded, Cx. pipiens was the most common species (ca.
79.79%, larvae). This is in agreement with the previous studies by Gad et al., (1995),
Kenawy et al., (1996), Abdel-Hamid et al., (2009) and Tawfick, (1990). This
indicates the occurrence of filaria and malaria disease vector in drains of Sharkia.

Results reported for pH, ranged from 6.4 to 7.8, are in agreement with previous
ones cited by El Badry (2010) who shows that pH, ranged from 6.4 to 8. Abdel-
Hamid et al. (2009) recorded in Sharkia pH range (7.4-8.4). Salit et al. (1996)
reported that larvae of all mosquitoes species in Kuwait State are mostly
alkalinophile. Abdel Hamid et al. (2011) in El Ismailia reported that larval density
increases as pH increased. Bates (1949) referred to the influence of acidity on the
micro biota and its often correlation with landscape type of the breeding place.

Results recoreded for TDS, ranged from 607 to 1640 ppm, were comparable to
(134 to 5504 ppm) reported by Al Ahmed et al. (2005). The present study indicates
that concentrations of TDS appear to have no intensive connection to the total
abundance of all species. This disagrees with previous studies indicating that
individual species may be hindered by variations in TDS (TRCA , 2007 & TRCA,
2008).

Results reported for turbidity, ranged from 21 to 100 NTU, were comparable to
(3.2 to 400.7 NTU) reported by Ammar (2012) & Kenaway and El-said (1990)
reported that the turbidity significantly affects larval occurrence. In this study,
turbidity has a positive effect on larval abundance and this is in agreement with that of
Muturi et al. (2007) who reported that turbidity by organic matter was positively
associated with larval occurrence.

Water temperature measurements in the studied drains ranged (23 to 28.8 °C) of
the breeding water and this near to with water temperature (21 to 29 °C) reported by
Kenawy et al. (1998). Optimum temperature is said to be important for microbial
growth upon preferred by mosquitoes larvae (Ramachandra , 1984). Reduced
temperatures cause a decline in microbial growth which increases the larval
development time exposing them to greater risks of contact with potential predators
and competitors (Ramachandra, 1984).

Results indicated that relative humidity has a weak positive effect on larval
abundance. This goes in agreement with Rozilawati (2007) who stated that high
relative humidity has little impact on eggs development. These results disagreed with
Horsfall (1955) who reported that high relative humidity can give high hatching rates
and low relative humidity can provide negative impact on egg hatching .

As for results reported for wind speed, ranged from 4.2 to 4.7 m/s, they are in
agreement with Service (2000) who stated that slow velocity winds are important as
they allow female mosquitoes to place their eggs calmly without disturbance in water
containers.



58 Arafa El-naggar et al.

Drains with higher floating vegetation (water hyacinths) have lower larval
abundance. This disagreed with Walton et al. (1990) who found that biotic factors
like vegetation are being better predictors of larval abundance. Greenway et al. (2003)
mentioned that the presence of vegetation and floating plants provide optimal
breeding conditions by acting as food sources as well as shelter from predators.
Vegetation also creates stagnant conditions by decreasing water movement. Present
results indicated that all mosquitoes prefer stagnant water that gives secure area. This
is in agreement with that of Abdel-Hamid et al. (2011) and Kenawy et al. (1996) who
observed that stagnant water was generally preferable for larval breeding. Abd-El-
Magid (1987) recorded that particularly culicine mosquitoes larvae are existed in
drainage channels with stagnant water.

Sunlight has strong positive effect on larval abundance likewise Hopkins (1936)
that stated “sunlight has favorable effect on mosquitoes larval population for the
requirement of algae for larval food”.

Results reported for drain width, ranged from 2 to 6 m, with lower drain width,
abundance of larvae increase in agreement with Abd-El-Magid (1987) recorded the
presence of particularly culicine mosquitoes larvae in drainage channels width
between 0.3-5 metre. Salit et al. (1996) observed that Cx. pipiens breeds in a wide
range of breeding habitats with various width (0.5- 100 m).

Results cited for drain depth, ranged from 0,5 to 2 m, with lower drain depth
abundance of larvae increase are in agreement with Horsfall (1955). The later author
observed that larval feeding position may be at the water surface or on the bottom and
at all levels in between. Horsfall found that in comparatively deep water (56 cm), very
few larvae went to the bottom to feed and Abd-El-Magid (1987) recorded the
presence of particularly culicine mosquitoes larvae in drainage channels with shallow
depth ranging between (5-20 cm).

Water pollutants can be used as mosquito control variables and as a
bioindicator. It is proposed that more studies on the effect of physical and chemical
properties of water in larval breeding sites in Sharkia Governorate are required.

REFERENCES

Abdel-Hamid, Y. M.; Soliman M. 1. and Allam K. M. (2009). Spatial distribution
and abundance of culicine mosquitoes in relation to the risk of filariasis
transmission in Sharkia Governorate, Egypt. Egypt. Acad. J.-Biolog. Sci., I(1E):
39-48.

Abdel-Hamid, Y. M.; Soliman M. I. and Kenawy M. A. (2011). Mosquitoes (Diptera:
Culicidae) in relation to the risk of disease transmission in El-ismailia Governorate,
Egypt. J Egypt. Soc. Parasitol., 41(2): 347-356.

Abd-El-Meguid, A. H. (1987). The susceptibility of different mosquito types in Ismailia
Governorate to some insecticides. M.Sc. Thesis (Vector Control), High Institute, of
Public Health, Alexandria: 133 p.

Ammar, S. E. (2012). Characterization of mosquito larval habitats in urban environments
of greater Cairo. M.Sc. Thesis, Fac. Sci. Ain Shams Univ. 181p.

Bates, M. (1949). The natural history of mosquitoes, Macmillan Company, U.S.A. 379 p.

Baz, N. (1946). Distribution of filariasis in Egypt. J. Roy. Med. Ass. 21 (7, 8): 280 — 286.

El Kheriji, M. A.; Alahmed, A. M. and Kheir, S. M.(2007). Distribution and habitat of
mosquito larvae (Diptera: Culicidae) in Riyadh Region. J. King Saud Univ., Agric.
Sci., 19: 2:39-55.

El-Badry, Y. S. (2010). Bionomics of some invertebrates at Ismailia Governorate. M.Sc.
Thesis, Fac. Agric. Suez Canal Univ. 152p.



The impact of some environmental factors on the abundance of mosquitoes larvae 59

El-Bashier, Z. M.; Hassan, M. 1.; Mangoud, A.M.; Morsy, T. A. and Mohammad, K. A.
(2006). A preliminary pilot survey (Culex pipiens), Sharkia Governorate, Egypt. J.
Egypt. Soc. Parasitol., 36(1):81-92.

El-Said, S. and Kenawy, M. A. (1983). Anopheline and Culicine mosquito species and
their abundance in Egypt. J. Egypt. Publ. Hlth. Assoc., 58(1,2):108-142.

Ephantus, J. M.; Joseph, M.; Josephat, S.; Benjamin, G. J.; Charles, M.; John, G. and
Robert, J. N. (2007). Environmental factors associated with the distribution of
Anopheles arabiensis and Culex quinquefasciatus in a rice agro-ecosystem in
Mwea, Kenya. J. Vector Ecology. 33: 56-57.

Farid, M. A. (1940). Malaria infection in Anopheles sergenti in Egypt. Riv. Malariol., 19:
159-161.

Gad, A. M.; El-Said, S.; Soliman, B. A.; Hassan, A. N.; Shoukry, A. and EL-Said, S.
(1987). Distribution and bionomics of Egyptian Culex univittatus (Theobald). J.
Egypt. Soc. Parasitol. 17 (1): 17-31.

Gad, A. M.; Riad, 1. B. and Farid, H. A. (1995). Host-feeding patterns of Culex pipiens
and Cx. antennatus (Diptera: Culicidae) from a village in Sharqiya Governorate,
Egypt. J. Med. Entomol., 32(5):573-7.

Greenway, M. (2003). Suitability of macrophytes for nutrient removal from surface flow
constructed wetlands receiving secondary treated effluent in Queensland,
Australia;Water Sci. Technol., 48(2): 121-128.

Harbach, R. E. (1988). The mosquitoes of the subgenus Culex in the southwestern Asia
and Egypt (Diptera: Culicidae). Contrib. Am. Entomol. Inst. (ann Arbor), 24 (1):
vi+240 p.

Hopkins, G. H. E. (1936). Mosquitoes of the Ethiopian region: larval bionomics of
mosquitoes and taxonomy of Culicine larvae. British Museum (Natural History),
London. 250 p.

Horsfall, W. R. (1955). Mosquitoes: their bionomics and relation to disease. Ronald Press
Co. New York, NY, 1% ed., 723p.

Hussein, A. A. and Hatem, M. M. (2008). Commissioning of abandoned drainage water
reuse systems in Egypt: a case study of upgrading the Umoum project, Nile Delta.
Conference, 3. Water resources and arid environments. 3 : 2-3.

Kaschef, A. H.; Mohamed, N. H. and Rashed, S. S. (1982). Culicid species in Sharkyia
Governorate. J. Egypt. Soc. Parasitol., 12(1):115-24.

Kenaway, M. A. and El-said, S. H. (1990). Factors affecting breeding of culicine
mosquitoes and their association in the Canal Zone, Egypt. Proc. Int. Conf. St.
Camp Soc. Res. and Dem., March.

Kenawy, M. A.; Rashed, S. S. and Teleb, S. S. (1996). Population ecology of mosquito
larvae (Diptera: Culicidae) In Sharkiya Governorate, Egypt. J. Egypt. Ger. Soc.
Zool., 21(E) : 121-142.

Kenawy, M.A.; Rashed, S.S. and Teleb, S.S. (1998). Characterization of rice field
mosquito habitats in Sharkia Governorate, Egypt. J. Egypt. Soc. Parasitol.,
28(2):449-459.

Kirkpatrick, T. W. (1925). The mosquitoes of Egypt. Egyptian Gov., Antimalaria
Commission. Gov. Press, 224 p.

Laurence, B. R. (1967). Elephantiasis in Greece, Rome and the Queen of Punt. Trans.
Roy. Sco. Trop. Med. Hyg., 61: 612-613.

Mostafa, H.; El-Gamal, F. and Shalby, A. (2004). Reuse of low quality water in Egypt. J.
Egypt. Soc. Water Conservation., 94: 103 p.

Muturi, E. J.; Shililu J. I.; Gu W.; Jacob B. G.; Githure J. I. and Novak R. J. (2007).
Larval habitat dynamics and diversity of Culex mosquitoes in rice agro-ecosystem
in Mwea, kenya. Am. J. Trop. Med. Hyg., 76(1): 95-102.



60 Arafa El-naggar et al.

Ramachandra, R. T. (1984). The Anophelines of India, revised edition. ICMR, New
Delhi, India. xvi + 518 p

Rozilawati, B. H. (2007). Studies on the mosquito fauna in an urban and suburban area in
penang and the laboratory efficacy of mosquito coils containing different active
ingredients against selected vector mosquitoes M.Sc. Thesis, Fac. Sci. Sains
Malaysia Univ,24 p.

Salit, A. M.; Al-Tubiakh, S.S.; El-Fik, S. A. and Enan, O. H. (1996). Physical and
chemical properties of different types of mosquito aquatic breeding places in kuwait
state. Second International Conference on Urban Pests K.B. 2: 185-193.

Service, M.W. (2000). Medical entomology for students. Cambridge University Press,
Cambridge, UK. 255 p.

Shawarby, A. A.; Mahdi, A. H.; Naguib, K. and Mohamed, A. (1965). Incidence of
filariasis in Egypt. J. Egypt. Publ. HIth. Assoc., 40: 267- 282.

Tawfick, M. K, (1990). Mosquito fauna of certain urban and suburban areas of Cairo in
relation to bancroftian filariasis. Unpublished M.Sc. thesis, faculity of Science. Ain
Shams Uni., Cairo — Egypt, 138 p.

Toronto and Region Conservation Authority “TRCA”, (2007). Annual report on west Nile
virus vector status in Toronto and region conservation wetlands and storm water
management ponds — 2006. 24 p.

Toronto and Region Conservation Authority” TRCA” (2008). Annual report on west Nile
virus vector mosquito larval surveillance and Monitoring. 42 p.

Walton, W. E.; Schreiber, E. T. and Mulla, M. S. (1990). Distribution of Culex tarsalis
larvae in a freshwater marsh in Orange County, California. J. Amer. Mosq. Contr.
Assoc, 6: 539-543.

Wassif, S. F. (1969). Survey of the Egyptian Culicines in the Nile Delta with species
references of filarial transmission. Thesis M.D. Ain Shams Univ., Cairo, 237 p.
WHO (1988). Manual on practical entomology in malaria. Part II. Methods and

techniques.

ARABIC SUMMERY

an A i) Ablae (Shlia (yang B snall i 8 A e il Jalsal ey il

PANS gl daal — U cp e ! Jladl) 48 0
ae — A8yl dbdlae g pd Al O 8 e -1
Bl L) — G sl 808 o gle — o gual Jle and?

o Al Jalsall il Caly o oSy pRleY) e S L JE A Ll sa i sad) caaly
38 Laml Caay ) A al) @l cdan 13gd <l pdall oda AadlSa 8 Lsaa | en <l pdall oda L)
il adly A Al Adadlas (8 jlan (amy A g 4o Adlaiall Gl e o g Ad g e ddlaie A (i gad) CUE
A Abiallal sall & sanacsiim s uel) V) th Lo i sad) iy A8Mall il 5 Ll A Al Jal all
¢ water hyacinths il 2 g puadill ¢ guia ‘CLUM Ao el 4 gda Hllee) sedl g elall 35 ja Ja )3 <3Sl
On gy it (SUel (8 (m gml) g5l (g s aa) 55 Qi e Al all il 3815, Co peadl) (i e 5 (Bae g
“Culex perexiguus, Culex antennatus, Culex pusillus, Culex :iélsdl clli Cajlias 8l sl
laal i XY 58 Culex pipiens ¢ sl OS5 Culex pipiens Ochlerotatus detritus s sinaiticus
Seadilly S5 (8 ¢35 il e &3 285 (%79.79)



