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the world. The present study investigated the correlation between the physicochemical

parameters of the breeding habitats and the diversity and abundance of mosquitoes in two
villages, Nile Delta, Egypt. A total of 258 breeding places were found positive for mosquito larvae
including 46 (17.8%) pools, 41 (15.9%) irrigation basin, 36 (14.0%) drainage ditches, 28 (10.9%)
unused wells, 27 (10.5%) irrigation ditches, 23 (8.9%) canals, 22 (8.5%) ground pits, 19 (7.4%)
drainages, and 16 (6.2%) temporary pools in Barqata south the Delta Nile. a total of 370 breeding
places were found positive for mosquito larvae including 48 (13.0%) rice fields, 46 (12.4%) unused
wells, 44 (11.9%) drainage ditches, 40 (10.8%) sakia pits, 36 (9.7%) canals, 34 (9.2%) drainages, 25
(6.8%) pools, 24 (6.5%) swamps, 22 (5.9%) ground pits, 21 (5.7%) irrigation channel, 19 (5.1%)
irrigation basin, and 11 (3.0%) temporary pools, respectively in El-Qantara village. Unused wells and
pools (340.0 and 278.3 larvae/dip) were the most vital breeding habitats in Barqata village, while rice
fields, drainages, and pools formed the largest sources of mosquito breeding in El-Qantara village and
contained the highest density of mosquito larvae (619.2, 513.3 and 432.5 larvae/dip). The occurrence
of Culex pipiens in polluted water indicates a real risk and the potential for disease transmission.
Mosquito larval density was positively correlated with temperature, salinity, nitrate, and conductivity.
The results indicated that unused wells and pools are a widespread and permanent source of breeding
mosquitoes.

Mosquitoes are vectors for many pathogens that threaten human and animal health around

Keywords: Physicochemical; Mosquitoes; Abundance; Nile Delta.

Introduction

Mosquitoes are vectors for more pathogens that
threaten human and animal health around the world
than any other arthropod insect, such as malaria,
filariasis, West Nile fever, yellow fever, and dengue
fever [1, 2]. Mosquitoes spread wherever there are
bodies of fresh water, and it prefers to live in warm,
humid environments. It can lay eggs in any stagnant
water, whether in a pond or any water collection [3].
Most mosquito species prefer to live in permanent,

semi-permanent, or artificial natural breeding places
and are related to the water quality and the
surrounding environmental conditions that may
affect the abundance and prosperity of mosquitoes.
These breeding places are in both urban and rural
areas, while the villages of El-Qantara in Kafr El-
Sheikh Governorate, north of the Delta, and the
village of Barqta in Qalyubiya Governorate, south of
the Delta, and some rural areas distinguished with
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plenty of vegetation cover, landscapes, and the
diversity of water sources, in addition to the
populated human density and animal diversity, make
the Fl-Qantara and Barqata villages a permanent
focus for the spread of mosquitoes with the
possibility of transmitting diseases to humans and
animals.

Some ecological factors such as water
temperature, vegetation, pH, turbidity, ammonia,
nitrates, and chloride concentrations can influence
egg-laying and larval density [4,5]. Moreover, we
find that some very important climatic factors, such
as humidity, temperature, and wind speed [6,7].

Mosquitoes are attracted to and breed in various
water habitats and are specific to some species due to
their association with water quality, characteristics,
and the nature of the place. Anopheles species breed
in small, vegetation-rich, open, sunlit freshwater
habitats, while Culex species breed in polluted water
habitats such as ditches, cesspits, and open sewage
systems [8]. Therefore, several researchers are
interested in studying the ecological factors that
affect mosquito larval biology, such as the
physicochemical properties of the water, interspecific
associations, biodiversity, attraction, association
indices of disease vectors, and spatial-temporal

distribution, and thus understanding these parameters
is important for establishing suitable mosquito
control programs [9].

The diversity of mosquito breeding sites and their
characteristics still inspire and confuse researchers in
determining which physiological factors are most
influential, specifically in the abundance of mosquito
larvae in the water containers [1,10,11].

There is a need for more studies on documenting
the relationship between physical and chemical
properties and which of them is an indicator of the
presence or absence of mosquito larvae species or
density in their habitats. The goal of this study was to
find out if there was a correlation between the
physicochemical parameters of the breeding habitats
and the variety and number of immature mosquitoes
in El-Qantara village in Kafr El-Sheikh Governorate
north of the Delta and Barqta village in Qalyubiya
Governorate south of the Delta as a model for rural
villages in the Nile Delta, North Egypt.

Material and methods

Study area

Barqata village located in the center of Kafr
Shukr (30°2920.64"N 31°15'56.68"E), Qalyubiya
Governorate, 65 km to the northeast of Cairo (Fig.
1).
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Fig. 1. Study area location of Kafr El-Sheikh and Qalyubiya areas of the Nile Delta (modified after Negm [14])

There are many water sources such as canals,
unused wells (Sakia pits), and ditches that are
branching through the populated area that usually
contain stagnant and polluted water around the
homes. There are many pools and unused wells that
exist in some areas within the village and have water
for a longer period Furthermore, some villagers are
throwing the home garbage in the water. Most of the
residents are illiterate farmers and the main crops
grown are citrus trees, corn, and vegetables (Fig. 2).
El-Qantara village is located three km north of Kafr

El-Sheikh town (31°06'42"N 30°56'45"E), and 134
km north of Cairo, in the Nile Delta of lower Egypt.
The village is an urbanized, densely populated area
provided with a sanitation system. There are many
water bodies, including rice fields, swimming pools,
old unused wells (Sakia pits), markets, and
permanent irrigation channels that exist in some
areas within the village, and water is available for a
longer period. The houses are used for residence and
rarely for raising domestic animals. The main
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cultivated crops are rice, wheat, maize, clover, palm

plantations, and vegetables (Fig. 3).

P

Mosquito breeding places

All water collections were surveyed for the
presence of mosquitoes and categorized according to
that of [12] as follows; irrigation basins, pools (semi-
permanent), drainage ditches (small), irrigation
ditches, temporary pools, ground pits (temporary),
and, unused wells, drainages (big), and canals.
Drainage ditches are small ditches (1.5 meters wide)
located between agricultural lands, while drainages
are large channels in width and length and are often
located on the borders of a residential or agricultural
block. Mosquito breeding places were surveyed bi-
weekly from August 2020 to January 2021.

Sampling of mosquito larvae

Mosquito larvae were collected from stagnant
water collections in various places in Barqata and El-
Qantara villages. Three dips were taken from each
breeding site using a stander dipper (450 ml). Larval
densities were calculated as the average number of
larvae/dips collected from each habitat. Collected
larvae were transported to the laboratory for
identification according to the keys of [13].

Water quality

Some physical and chemical parameters, such as
water temperature (°C), acidity (pH), dissolved
oxygen (ppm), salinity (ppm), nitrates (mg/l), and
electrical conductivity (pus/cm) were measured using
a thermometer, a pH probe (PH5500), portable DO,
TDS meters, a  spectrophotometer device
(UV/Visible Lambda EZ201), and a conductometer
device (EC LYTIC-AQUA), respectively. Water

Fig. 3. The main crops in El-Qantara village (Kafr El-Sheikh Gov.): Rice (a), Corn (b), and Wheat plants (c).

i

samples (500 ml) were placed in labeled
polyethylene containers kept in an icebox from all
aquatic mosquito breeding sites (9 in Barqata village
and 12 in El-Qantara village) at the Central
Laboratory for Water Quality Analysis, Faculty of
Agriculture, Benha University, Egypt.

Statistical analysis

The Statistical analyses were carried out using
ANOVA with five factors under the significance
level of 0.05 for the results using SPSS (ver. 23).
Data were treated as a complete randomization
design according to [15]. Multiple comparisons were
carried out applying LSD. Multiple regressions were
analyzed using Canonical Correspondence Analysis
(CCA) to determine the relationships between the
physicochemical parameters of breeding places and
the density of mosquitoes.

Results
Mosquito breeding places and density of mosquito
larvae

A total of 258 breeding places were found
positive for mosquito larvae including 46 (17.8%)
pools, 41 (15.9%) irrigation basin, 36 (14.0%)
drainage ditches, 28 (10.9%) unused wells, 27
(10.5%) irrigation ditches, 23 (8.9%) canals, 22
(8.5%) ground pits, 19 (7.4%) drainages, and 16
(6.2%) temporary pools in Barqata south the Delta
Nile (Table 1, Fig. 4). While at El-Qantara village
north the Delta Nile, a total of 370 breeding places
were found positive for mosquito larvae including 48
(13.0%) rice fields, 46 (12.4%) unused wells, 44
(11.9%) drainage ditches, 40 (10.8%) sakia pits, 36
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(9.7%) canals, 34 (9.2%) drainages, 25 (6.8%) pools,
24 (6.5%) swamps, 22 (5.9%) ground pits, 21 (5.7%)
irrigation channel, 19 (5.1%) irrigation basin, and 11
(3.0%) temporary pools (Table 2, Fig. 5).

The data given in Table 1 and Fig. 6a (r’=
0.5776; F= 36.014; P= 0.001) revealed that unused
wells and pools were the most vital breeding habitats
in Barqata village. The mean number of collected
larvac was 340 and 278.3 (23.9 and 19.6%),
respectively, followed by drainages 229.0 (16.1%),
drainage ditches 176.0 (12.4%), canals 128.3 (9.1%),
ground pits 93.5 (6.6%), irrigation ditches 88.7
(6.2%), and irrigation basins 55.0 (3.9%); whereas
temporary pools had a very low density of larvae
(31.0 (2.2%) in Barqata village.

Similar to the response, the results of this work
showed that rice fields and drainage (r*= 0.5776; F=

36.014; P= 0.001) were the most vital breeding
habitats in El-Qantara village (Table 2 and Fig. 6b).
The mean number of collected larvae was 614.2 and
513.3 (16.7 and 14.0%), respectively, followed by
pools 432.5 (11.8%), unused wells 426.7 (11.5%),
drainage ditches 359.2 (9.8%), sakia pits 313.3
(8.5%), swamps 271.7 (7.4%), canals 211.3 (5.8%),
ground pits 200.3 (5.5%), irrigation channels 180.0
(4.9%), and irrigation basins 99.2 (2.7%); whereas
temporary pools had a very low density of larvae
51.7 (1.4%) in El-Qantara village. where a, b, and c
symbols mean that there is no significant difference
(P>0.05) between any two means, within the same
column having the same superscript letter. Besides,
A, B, and C symbols mean that there is no significant
difference (P>0.05) between any two means for the
same attribute, within the same row having the same
superscript letter.

TABLE 1. Mosquito larval habitats and mean the number of larvae collected from nine breeding sites in

Barqata village, Qalyubiya Governorate.

No. Breeding place No. ofs;:;/(z‘;)r)eledmg Mean £SD? (%) F value Slgn(lPﬁ)cant
1 Unused well 28 (10.9) 340+31.68° 23.9
2 Pool 46 (17.8) 278.3+15.85% 19.6
3 Drainage 19 (7.4) 229.1+12.28° 16.1
4 Drainage ditch 36 (14.0) 176.0+13.65¢ 12.4
5 Canal 23 (8.9) 128.3+15.67° 9.1 4925 0.0001
6 Ground pit 22 (8.5) 93.5+6.77°" 6.6
7 Irrigation ditch 27 (10.5) 88.7+7.96" 6.2
8 Irrigation basin 41 (15.9) 55.0+6.44" 3.9
9 Temporary pool 16 (6.2) 31.0+£7.61# 2.2

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column that have the same superscript letter. ! %: (No
of the site/No. all sites), 2 Density: (No of larvae/dip).

El-Qantara village, Kafr El-Sheikh Governorate.

TABLE 2. Mosquito larval habitats and mean the number of larvae collected from nine breeding sites in

No. Breeding place No. ofs;:e(;);(leedmg Mean +SD? (%) F value Slgn(lpﬁ)cant
1 Rice field 48 (13.0) 614.2+43 46" 16.7
2 Drainage 34(9.2) 513.3£32.03% 14.0
3 Pool 25 (6.8) 432.5+18.08° 11.8
4 Unused well 46 (12.4) 426.7+38.01° 11.5
5 Drainage ditch 44 (11.9) 359.2437.63% 9.8
6 Sakia pit 40 (10.8) 313.3+27.83% 8.5
7 Swamp 24 (6.5) 271.7+44.02° 74 26.71 0.0001
8 Canal 36 (9.7) 211.3+12.87¢ 5.8
9 Ground pit 22 (5.9) 200.3+27.87 5.5
10 Irrigation channel 21 (5.7) 180.0+£24.448" 4.9
11 Irrigation basin 19 (5.1) 99.2+8.93" 27
12 Temporary pool 11 (3.0) 51.7+13.0i 1.4

a, b & c: There is no significant difference (P>0.05) between any two means, within the same column that have the same superscript letterl. %: (No
of the site/No. all sites), 2 Density: (No of larvae/dip).
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Fig. 4. Mosquito larval breeding places in Barqata village. Irrigation basin (A), Pool (B), Drainage ditch (C),
Irrigation ditch (D), Temporary pool (E), Ground pit (F), Unused well (G), Canal (H), Drainage (I).
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Fig. 5. Mosquito larval breeding places in El-Qantara village. Canal (a), drainage (b), swamp (c), unused well (d), rice
field (e), irrigation channel (f), sakia pit (g), pool (h), ground pit (i), irrigation basin (j), temporary pool (k),
drainage ditch (1).
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Fig. 6. Relative density (%) of mosquito larvae collected at breeding habitats in Barqata (a) and El-Qantara (b)

villages.

The relative abundance of mosquito larvae

A total of 8520 larvae of seven species were
collected from nine different breeding sites, of which
Culex pipiens (68.2%), Culliseta longiareolata
(14.4%), and Cx. perexiguus (8.5%) were the most
common species, whereas Anopheles tenebrosus
(1.1%) and Cx. univittatus (0.8%) were uncommon
in Barqata village (Fig. 7a). Also, data showed that
ten species (22040 larvae) were collected from 12
different breeding sites, of which Cx. antennatus
(25.4%) and Culex pipiens (21.5%), were the most
common species, while An. multicolor (2.5%) was
uncommon in El-Qantara village (Fig. 7b).

The physicochemical characterization

The physicochemical parameters of breeding
places inspected in the present study are summarized
in Tables 3-6. In Barqata village, the results showed
that water temperatures were close in all mosquito-

breeding places, but it was relatively high in unused
wells (25 °C) and pools (24.5 °C). The values of pH
and dissolved Oxygen were moderate in slow-
moving water streams as in canals (8.5 pH and 10.8
D.0O), and irrigation ditches (8.1 pH and 10.1 D.O),
where the mean value was 7.5 pH and 8.7 ppm,
respectively for all breeding sites. A high level of
nitrate was observed in most mosquito breeding
places, but it was the highest in drainages (1.40 mg/l)
followed by unused wells (1.01 mg/l), pools (0.95
mg/l), and drainage ditches (0.88 mg/l). In addition,
drainages, unused wells, and pools recorded the
highest levels of conductivity (1186.6, 987.5, 911.7
puS/cm), and salinity (1038.3, 864, 769.3 ppm),
respectively. In the village of El-Qantara, the results
showed that water temperatures were variable in
some mosquito breeding sites but relatively high in
unused rice fields (28.5 °C) and pools (27.5°C).
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Fig. 7. Relative (%) abundance of mosquito spices in Barqata (a) and El-Qantara (b) villages

Physicochemical and Mosquito prevalence

(i) Barqata village: The association between
mosquito larvae  species collected and the
physicochemical parameters of breeding water is
presented in Tables 5. Culex  pipiens and Cx.
perexiguus observed in water with low temperature
(14 °C). Culex pipiens had also a relative tolerance to
high temperatures (32 °C). Anopheles
tenebrosus tends to prefer high dissolved oxygen
(7.5-13.6 ppm) and relatively high alkalinity (7.3-9.8
pH). Culex pipiens tolerated a high salinity
range. Culex perexiguus, Cx. pipiens, and Culiseta
longiareolata breed in polluted high nitrate (0.46-
1.32, 0.6-1.5, 0.6-1.2 mg/l) and conductivity (380-
1780  ms/cm)  while Cx.  antennatus and An.
tenebrosus breed in water free of nitrate.

(i) El-Qantara (b) village: Data presented in
Table 6 showed that Cx. antennatus, Cx. perexiguus,
and Anopheles species were observed in water with a
moderate temperature (14 to 28 °C), while Cx.

pipiens was also relatively tolerant of high
temperatures (32 °C). Most mosquito species were
collected in sites with high Dissolved oxygen,
whereas Anopheles tenebrosus, An. pharoensis, An.
multicolor, Cx. antennatus, and Cx. perexiguus tend
to prefer high dissolved oxygen (6.8—13.4 ppm) and
relatively high alkalinity (7.1-11.4 pH). Most of the
Culex species recorded—Culex perexiguus, Cx.
pipiens, Culiseta longiareolata, Cx. perexiguus, Cx.
theileri, and Cx. pusillus reproduce in high nitrate
concentrations (1.55, 1.35, 1.14, and 1.12 mg/L) and
conductivity (423-1785 msec/cm), while Cx.
antennatus and An. tenebrosus breed in nitrate-free
water. The water quality provides a clear picture of
the general state of the water, as the density of
mosquito larvae was positively related to temperature
(12 = 0.7650), salinity (r* = 0.6063), nitrate (r* =
0.7311), and conductivity (r* = 0.7115), while there
was no correlation found between the density of
mosquito larvae and water pH and dissolved oxygen
(1’ = -0.4614 and -0.5546), respectively (Table 6).
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Multiple regression analysis showed that the
regression model was significant (adjusted R* =
0.8928; F = 4.789; P = 0.2336). According to the
developed model, only temperature, nitrate, and
conductivity can be used as predictor variables for
mosquito larvae density (f = 7.63; P = 0.0002), (f =
7.84; P = 0.0001), and (B = 7.71; P = 0.0065),
respectively.

Discussion

The Egyptian Nile Delta governorates have a lot
of greenery and fresh water sources. In Kafr El-
Sheikh and Qalyubiya Governorates, for example,
there are several aquatic mosquito habitats that are
permanent, semi-permanent, or temporary places for
mosquitoes to breed and reproduce.

This study looked at the relationship between the
physicochemical parameters of mosquito breeding
habitats and the variety and number of mosquito
immatures in  Barqata village (Qalyubiya
Governorate), and El-Qantara village (Kafr El-
Sheikh Governorate), as a model for rural villages in
the Nile Delta. The goal was to get accurate data that
could be used to control mosquitoes in the right way
or to designing appropriate strategies for mosquito
control. According to the results indicated in Barqata
village, unused wells and pools are a widespread and
permanent source of breeding with high productivity
for mosquitoes (340.0 and 278.3 larvae/dip,
respectively). Also, our data showed that in the
village of El-Qantara, rice fields, drainages, pools,
and unused wells are permanent breeding grounds for
a lot of mosquitoes (619.2, 513.3, 432.5, and 426.7
larvae/dip, respectively), where the rice fields are
seasonal cultivation (semi-permanent). Moreover,
temperature, nitrate, and conductivity could be used
as predictor variables for mosquito larvae density.
Therefore, our findings provide accurate and reliable
data for appropriate mosquito control in the future.

Unused wells were used for irrigation in the past
in most Egyptian villages, but most of them have
been neglected at present. The high density of
mosquitoes in unused wells may be due to the nature
of underground water, the presence of different types
of suspended materials such as aquatic plants, mud,
garbage, or decomposing foods, and/or the protection
provided to larvae against fluctuation in
environmental conditions. Therefore, it is considered
one of the most vital habitats for mosquito breeding
in many areas of the Qalyubiya and Kafr El-Sheikh
Governorates [4, 17]. Pools were the second largest
positive breeding sites in Barqata village 46 (17.8%),
where the mosquito density was 278.3 (19.6%)
larvae/dip, and they were in the third position of
positive breeding sites in El-Qantara village 25
(6.8%), where the mosquito density reached 432.5
(11.8%) larvae/dip. The results of the study agree
with many of the authors, including [3,16,18].

Pools are usually neglected and filled with many
materials, like vegetation, debris, and human waste.
This site is depressing (a pit) or low ground filled
with water from flooding irrigated lands or damage
to canal banks [17]. Parallel to this work, we found
that in El-Qantara village, the rice fields and the
drainages contained a high positive percentage of
mosquito habitats and a high density of mosquitoes.

Rice fields are widely spread across agricultural
lands in the northern Nile Delta, especially in Kafr
El-Sheikh Governorate, and serve as seasonal
breeding grounds. In the summer, rice is planted, and
the rice water contains many types of mosquito
larvae at different stages of plant growth. The rice
fields are characterized by open horizontal water
bodies with an abundance of nutrients and stagnant
water. In general, there is little information available
on the surface water quality of rice paddy larvae
habitats in Kafr El-Sheikh [18,19]. Therefore, due to
its short lifespan and irrigation system, there has
been a significant rise in mosquito diversity,
abundance, and the rate at which mosquito-borne
diseases like filariasis are transmitted [18].

Drainages (agricultural drains) are the largest
breeding sites found in the study areas, where the
density of mosquito larvae was higher in El-Qantara
village (513.3 larvae/dip) than in the Barqata village
(229.1 larvae/dip). This type of breeding site was
usually filled with decaying materials like vegetation,
debris, and human waste. It plays an important role
in the spread of mosquitoes and the sustainability of
water throughout the year.

Most of the breeding sites were encountered as a
permanent site that held water throughout the whole
year as in unused wells, canals, drainages, while
some habitats were temporary that contain water for
several weeks or a short period according to the
Egyptian farming system as in case of rice fields or
the activity of villagers such as water pits and drains.
The high abundance of mosquito larvae in unused
wells was also observed in Qalyubiya Governorate
by many investigators [3,16].

Our observations come along with the other’s
observations [1,17,20]. Mosquitoes usually inhabit
and breed in a wide range of differentiated water
containers, but the high abundance of mosquito
larvae, thrive, and grow were noted in small water
containers that characterized by standing water with
some weeds or plants away from running water such
as pools, unused wells, catch basins and drainages
that contain the highest density of mosquito larvae
[21]. It appears that these sites played a major role in
mosquito abundance in Kafr El-Sheikh and
Qalyubiya Governorates, Egypt.

Our results highlight the role of these places as
real foci of breeding and spread of mosquitoes, so we
need mosquito control in these places to reduce the
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possibility of transmitting and spreading diseases to
the residents of the village [3,16]. Furthermore, our
observations showed that almost all permanent
habitats had stagnant or slow-moving water and
vegetation, organic debris from dead organisms, or
decaying plants were often important sources of
nutrients to mosquito larvae. The debris was very
high in unused wells, drainages, and pools [16,17].

Seven mosquito species were reported from
Barqata village of which Culex pipiens (68.2%), was
the most prevalence species, whereas ten mosquito
species were reported from El-Qantara village and
Cx. antennatus (25.4%) were the most common
species. Most of the observed species reported in this
study were previously encountered in other Nile
Delta governorates [16,22-25].

The dominance of Cx. pipiens, which is known as
the main vector of filariasis in Egypt, regarding
density and/or distribution may indicate the
suitability of available breeding sites to the breeding
of this species and/or the ability of this species to live
in a wide range of water sources. The high
abundance and distribution of Cx. pipiens were also
recorded by many other investigators [4,17,26-28].
Mosquito females try to choose suitable breeding
grounds, and these sites are selected accordingly to
their preferred characteristics that may help them to
survive and for their population dynamics [17].
Many physical and chemical factors could attractant
or deter mosquito oviposition sites. Certain
conditions of the breeding site can be favored by
most species, while other species may not [29].

The larvae of Anopheles tenebrosus, An.
pharoensis, and An. multicolor were prevalence in
the village of Qantara, north of the Nile Delta, while
one species (An. tenebrosus) was collected in the
village of Barqata, south of the Nile Delta. The
abundance of Anopheles mosquitoes in the Nile Delta
governorates, especially in the north, may be due to
the diversity and expansion of green spaces,
including rice fields, in addition to the quality of
fresh water [28].

Anopheles pharoensis is the proven malaria
vector, An. multicolor is suspected to be a vector, and
An. tenebrosus has no role in malaria transmission
[30], among other diseases. Culicine mosquitoes are
vectors of filariasis [32], Rift valley fever virus [33],
West Nile virus [34], and several other viruses [35].

Our data revealed that the physicochemical
characteristics of the water habitats in Qalyubiya and
Kafr El-Sheikh have a variable effect on mosquito
larval breeding from one habitat to the next, where
temperature, nitrate, and conductivity of the water
are significantly different (P > 0.05).

In general, an increase in water temperature will
result in faster development of aquatic stages but will
reduce the size of emerging adults [27,36].

According to the WHO [37], most mosquito species
may develop best in temperatures between 25 and 27
°C. For the recorded described species, a temperature
range of 15-29 °C was found in the current study.
Reported temperatures in other regions of Egypt
ranged from 19 to 34 °C [22,38].

Our results are parallel to those of Jemal and Al-
Thukair [39] who pointed out that the appropriate
range for the production and survival of Culex,
Aedes, and Anopheles larvae was between 16.4 - 27.7
°C in the eastern region of Saudi Arabia, while the
average temperature in this region in the summer
season reached greater than 35 °C, which turned out
to be not suitable for larval growth.

Our results showed that mosquito larvae can live
in relatively alkaline water (7.5 pH) in both villages,
and this is what was shown by [38], who explained
that mosquitoes breed in alkaline water (> 7) in
several Egyptian Governorates. Densities of Culex
species are directly related to temperature, pH, and
nitrate content, while Cs. longiareolata (7.7-7.8) was
found to be alkaline, Cx. pusillus (5.0-5.5) may have
been acidophilic due to the nature of its breeding
sites (cesspits and cesspools) [27].

Nutrition and temperature are the main factors
that influence the growth and development of
mosquito larvae. Some studies revealed a significant
positive correlation between the density of Cx.
pipiens larvae, and nitrate, alkalinity, electrical
conductivity, and total hardness, while a negative
correlation was observed between physiochemical
agents and larval density [9, 40,41]. The findings and
their implications should be discussed in the broadest
context possible. Future research directions may also
be highlighted.

In addition to these factors, some studies have
shown that several chemical properties of the larval
habitat in the peridomestic area are related to
vegetation as well as different content of
physicochemical characteristics, which may affect
larval development and survival [42]. Some studies
showed that corn cultivation contributes to the spread
of malaria mosquitoes and exacerbates malaria
transmission in sub-Saharan Africa [43,44].

The current and previous studies address multiple
mechanisms to combat mosquitoes, such as the use
of plant extracts, synthetic pesticides, and the
treatment of traps and mosquito nets [45,46]. In
addition, studying environmental and climatic factors
is an influential factor in building an appropriate
strategy to combat mosquitoes.

Conclusions

The present study investigated the correlation
between physicochemical parameters of the breeding
habitats and the diversity & abundance of immature
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mosquitoes in  Barqata  village, Qalyubiya
Governorate, Egypt. The results indicated that
unused wells and pools are a widespread and
permanent source of breeding with high productivity
for mosquitoes and rice fields as semi-permanent
habitats that inhabit many mosquito species;
moreover, temperature, nitrate, and conductivity
could be used as a predictor variable for mosquito
larvae density. Therefore, our findings provided
reliable accurate data for appropriate mosquito
control in the future.
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TABLE 3. Physicochemical characteristics of the breeding water in Barqata village, Qalyubiya Governorate

during study period*
Average value of physicochemical parameters
Parameter T

Un. well Pool Drainage Dr. ditch Canal Ground pit Ir. ditch Ir. basin ;;I;ll)' Mean

Temp. (°C) 26.0 26.5 25 23.5 22.5 22.5 22.0 224 21.5 23.5
' +1.9 +2.2 +2.1 +2.0 +1.8 +1.8 +1.8 +1.7 +2.3 +0.5

n 7.2 6.6 6.2 6.9 8.4 7.0 7.6 7.2 6.0 7.01
P +0.16 +0.1 +0.1 +0.2 +0.3 +0.2 +0.13 +0.2 +0.2 +0.21

Dissolved 7.9 7.7 6.95 7.8 10.8 7.9 10.1 8.5 7.6 8.4
O, (ppm) +0.23 +0.3 +0.3 +0.3 +0.6 +0.1 +0.6 +0.3 +0.2 +0.42
Salinity 864.0 769.5 1038.0 816 4342 788.6 476.7 701.1 653.3 726.8
(ppm) +92.3 +56.7 +90.8 +105.8 +41.6 +44.57 +34.1 +47.8 +20.0 +62.8
Nitrate 1.01 0.95 1.40 0.88 0.75 0.73 0.51 0.77 0.44 0.80
(mg/l) +0.1 +0.1 +0.2 +0.1 +0.1 +.01 +0.1 +0.01 +0.1 +0.10
Conductivity 987.5 911.7 1186.6 831.7 586 764.2 616.8 778.7 560.0 802.6
(us/cm) +102.0 +61.6 +52.3 +76.0 +33.4 +22.5 +62.2 +50.2 +22.8 +68.4

Un. well: Unused well; Dr. ditch: Drainage ditch; Ir. ditch: Irrigation ditch; Ir. basin: Irrigation basin; Temp.: Temporary pool.
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TABLE 4. Association between mosquito species collected and their physicochemical parameters of breeding

water at Barqata village, Qalyubiya Governorate

Mosquito species and range of physicochemical parameters Co. * Multiple
) regression
E §¢ 3 s 5
P t R N 8o S = S
arameter A8 Stander Description S g g B S 3 < 8 £
Min- S5 = £ g < & O £ () 3 P
range -2 = S g 2 5 §
max) = S = = < S o
$ S & = <
15.6 <30 Normal 14 18 14 14 15 16 18
T . (° .92 32 .0001
emp- (O 504 >30  temp. Hot 34 31 30 29 29 32 g 0925 832 0.000
5.6 7 Neutral 4.5 6.2 5.6 5.6 4.1 5.6 7.3
pH 8.7 7-11  Weakbasic 9.2 94 8.8 9.3 6.9 75 gg ~ Udeal 592 03391
. 6.2 <8 Freshwater 5.6 7.1 7.0 7.0 48 42 7.5
Dissolved
10.9 >14 Polluted 10.5 11.5 11.8 12.4 8.1 9.1 12.6 -0.3320  -19.79  0.3822
O2 (ppm)
water
Salini 430 <500 Freshwater 480 390 440 310 560 490 340
(a m)ty 1253 2500 Polluted 1640 1100 1050 850 1780 1490 860 0.5510 -60.54  0.1240
PP water
Nitrate 0.5 <0.5 Freshwater 0.6 0.39 0.46 0.34 0.44 0.6 0.41
(m /al) 1.1 >0.5 Polluted 1.5 0.88 1.32 0.98 0.89 14 0.63 0.7163 5.80 0.0300
& water
Domestic
Conductivi 502 <800 water 750 220 650 550 675 460 210
0.7471 7.11 0.0215
ty (us/cm) 1402 =800 Polluted 1710 975 1660 1560 1520 1640 750
water

TABLE 5. Physicochemical characteristics of the breeding water in El-Qantara village, Kafr El-Sheikh

1 Based upon [14]; N.B: F value = 4.789; P= 0.2336; and R?= 0.8928; Co: Correlation

Governorate during study period*

Average value of physicochemical parameters

Parameter Rice Drai Un. Dr. Sakia Ground Ir. Ir. Temp.
field nage °°  well ditch pit  owamp Camal L nnel  basin pool  Mean
Temp. (°C) 29.5 27.0 27.5 26.0 25.5 24.0 25.0 24.0 225 23.0 23.0 23.0 25.0
+2.2 2.1 +2.2 +1.9 +2.0 +1.8 +1.8 +1.8 +1.8 +1.8 +1.7 +2.3 +0.8
H 7.1 6.4 6.9 7.5 7.2 8.5 8.2 8.6 7.3 8.3 7.5 7.0 7.54
P +0.1 +0.1 +0.1 +0.16 +0.2 +0.3 +0.3 +0.3 +0.2 +0.13 +0.2 +0.2 +0.2
Dissolved 9.6 7.9 7.6 8.5 7.8 11.6 10.6 12.4 7.9 10.0 8.7 7.7 9.2
Oz (ppm) 0.3 0.3 0.3 +0.23 0.3 +0.6 0.6 0.6 0.1 0.6 0.3 0.2 +0.55
Salinity 718.3 995 715.3 664.0 756 534.2 4842 4222 735.6 416.7 695.1 666.3 650.2
(ppm) +56.1 £90.8 167 92 +105.8 +41.6 +42.0 +41.3 +44.5 +34.1 428  +20.0 +5.3
Nitrate 1.13 1.40 0.96 121 1.12 0.78 0.69 0.59 0.75 0.58 0.72 0.45 0.90
(mg/1) +0.1 +0.2 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +.01 +0.1 +0.01 +0.1 +0.0
Conductivi 9185 1112. 910.2 889.5 851.1 582 551 686 755.2 611.6 798.7 5120 764.8
ty (us/cm) +61.6 0+£52 +61.6 *79 +76.0 +33.4 +334 +33.4 +0.23 +62.2 +50.2  +22.8 +52.4

Un. well: Unused well; Dr. ditch: Drainage ditch; Ir. ditch: Irrigation ditch; Ir. basin: Irrigation basin; Temp.: Temporary pool.

Egypt. J. Vet. Sci. Vol. 55, No. 4 (2024)



ECOLOGICAL FACTORS AFFECTING DIVERSITY AND ABUNDANCE OF MOSQUITO LARVAE ...

1003

TABLE 6. Association between mosquito species collected and their physicochemical parameters of breeding

water at El-Qantara village, Kafr ElI-Sheikh Governorate

Multipl
Mosquito species and range of physicochemical parameters Co. * v IP_ €
regression
%) %) o § = @ @ §
Parameter Range Stand L @« 2 2 = = @ = 3 2 3
. Descripti ;5 S 5 B 3 S S ) : § =
(Min-er! on! 5:§6§5§ S %gagoég $E i ) B P
max)  range S 8§ 3 i £ 8 = E
15 <30 Normal 14 16 15 14 15 15 15 15 16 15
Temperat
311 >30 temp. 34 34 32 30 30 29 30 32 31 29 0.7650 7.63 0.0002
ure (°C)
Hot
6.0 7 Neutral 55 6.8 5.6 5.6 438 41 5.8 7.3 74 7.1
pH 9.9 7-11 Weak 98 104 938 9.8 9.8 6.7 78 122 114 108 -0.3514 -11.52 0.1832
basic
6.8 <8 Freshwat 5.9 7.8 7.8 7.8 7.8 42 46 6.8 74 7.5
i >
Dissolved 12.2 >14 er 108 148 124 118 116 8.1 95 134 1410 154 05546 -1519  0.3540
Oz (ppm) Polluted
water
394 <500 Freshwat 420 350 400 400 380 510 420 330 370 360
.. S
Salinity 11025  >500 er 1650 950 880 935 945 1680 1350 960 830 845 06063  -3015 01110
(ppm) Polluted
water
042 <050 Freshwat 05 036 042 038 042 044 05 036 036 041
i >
Nitrate 0.98 20.50 er 140 074 114 112 112 080 135 078 068 071 07311 784 0.0001
(mg/1) Polluted
water
470 <800 Domestic 874 260 588 488 580 620 425 320 265 280
i >
Conductlv 1283 >800 water 1780 1200 1620 1590 1550 1420 1515 725 705 725 07015 771 0.0065
ity (us/cm) Polluted
water
1 Based upon [14]; N.B: F value =4.789; P=0.2336; and R?= 0.8928; Co: Correlation
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