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� Populations of mosquitoes were larger during the dry months.
� The mean monthly temperature below 30 �C was most suitable for mosquitoes.
� There was a non-significant relationship between wind speed and mosquitoes.
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A B S T R A C T

Meteorological parameters, have been identified as an important factor involved in the transmission of vector-
borne diseases. Mosquitoes are extremely sensitive to weather conditions. The aim of this study was investi-
gate the correlation between meteorological parameters and the abundance of mosquitoes in Kashan County.
Mosquitoes were collected using four different traps, including hand catch, animal baited bed net trap (usually a
cow), human baited bed net trap and BG-Sentinel trap with CO2 from May to December 2019. A total number of
mosquitoes collected were 1756 out of which 1621 (92.31%) were Culex, 22 (1.25%) Culiseta and 113 (6.44%)
Anopheles in nine species. Most mosquitoes were collected by BG-Sentinel trap with CO2 (63.78%). Monthly
distribution of the mosquitoes indicated different monthly peaks. Their high density were recorded in September
and were low in December. The spearman's correlation of the mosquito abundance and the meteorological pa-
rameters shows that correlation of the number of total collected mosquitoes with relative humidity and precip-
itation (Rainfall) was weak negative, and there was week correlation with wind speed, and positive strong
correlation with temperature. Data collected with various trap types and mosquito correlation with meteoro-
logical parameters in this study can be used for mosquito surveillance and control programs. However, meteo-
rological parameters affect the abundance of mosquitoes, but their impact is complex and most of these variables
are species specific.
1. Introduction

Emerging and re-emerging diseases are a great threat to human and
animal health (Feldmann et al., 2002). Urbanization, increases in pop-
ulations, degradation of the natural environment and international trade
and trave has been caused that arthropod vectors of disease spread from
tropical areas into temperate areas (Rogers and Packer, 1993). Climate
through the effect on the time and intensity of vector-borne diseases,
affects their distribution (Epstein et al., 1998; Gubler et al., 2001).
Pathogens of malaria, filariasis, Zika, Chikungunya diseases, West Nile
and Dengue fever were transmitted by mosquitoes to humans (Gould and
. Moosa-Kazemi), sedaghat@hotm
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Higgs, 2009; Gasperi et al., 2012). Anopheles mosquito species are
responsible for the transmission of malaria, but the majority of mosquito
species from the genera of Culex and Aedes are responsible for the
transmission of arboviruses to humans (Tabachnick, 1991). Climate
change will have short- and long-term impacts on disease transmission
and a direct impact on the epidemiology of vector-borne diseases
(Githeko et al., 2000).

It is commonly said that the abundance of mosquitoes is related to
climate (Watson et al., 1996, 1998). Immature stages in the aquatic envi-
ronment and as adults of mosquitoes are extremely sensitive to weather
conditions and therefore there are concerns about mosquito-borne disease
ail.co.uk (M.M. Sedaghat).
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(Epstein, 2000). In warmer climates and when the water temperature rises,
larval to mature is short, adult female mosquitoes are blood feeding more
frequently, thus increase pathogen transmission (Githeko et al., 2000).

The main weather factors are the temperature, relative humidity and
precipitation (Almeida Costa et al., 2010; Khan et al., 2018). The quality
and quantity of mosquito breeding sites are affected by precipitation
(Tian et al., 2015; Jemal and Al-Thukair, 2018).

Temperature and precipitation, limit distribution of mosquitoes and
range of diseases transmitted by them because the biology of the vector is
affected (Epstein et al., 1998; Gubler et al., 2001). To detect, and monitor
mosquitoes, surveillance programs are required (Paphitou et al., 2017).
Global warming have significant effects on vector-borne diseases.
Biology of mosquitoes is very diverse and climatic variability is led to
increased variability in mosquito communities and diseases transmitted
by them (Rogers and Packer, 1993; Subak, 2003). Climatic changes may
affect longevity, activity and spread of vector mosquitoes (Roiz et al.,
2014; Almeida Costa et al., 2010). A higher temperature increase the
replication and spread of arboviruses (Kilpatrick et al., 2008), as a result,
the time of mosquito infection to transmission of the virus to humans is
shortened (Takahashi, 1976). Moreover, higher temperatures change
human behavior via increase outdoor activities and humans and
mosquitoes will be more in contact (Konno, 1969; Bi et al., 2007).
Environmental changes cause to alter interactions among vectors, res-
ervoirs, pathogens, and human (Institute of Medicine, 2003). As a result,
certain vector-borne diseases may increase in one area and decrease in
another (Weicheld, 2015).

Temperature affects the hatching time of mosquito eggs (Hawley
et al., 1989; Hanson and Craig, 1994; Impoinvil et al., 2007; Mohammed
and Chadee, 2011). Temperature stress during the stages of larvae and
pupae have carry-over effects on fecundity and survival of adults
(Ezeakacha and Yee, 2019). Temperature also has a direct impact on
mosquito adult stage. When temperature decreased, female longevity of
Culex spp. increased (Ciota et al., 2014). Drakou et al. (2020) reported
that temperature affects host searching activity of Cx. pipiens, Ae. detritus
and Ae. caspius population.

Humidity affects longevity, blood feeding behavior, mating, dispersal
and oviposition of mosquitoes. The results one study to examine risk
factors in the Japanese encephalitis (JE) transmission, indicated that
monthly mean maximum and minimum temperatures, rainfall, humidity
were positively related to mosquito density in Changsha in South China
(Tian et al., 2015). Therefore climatic factors and their relationship with
mosquito activity are valuable for surveillance programs and mosquito
control management.

Depending on the classification of the tribe Aedini, there are 70
species and 8 (or 12) genera of Iranian mosquitoes (Azari-Hamidian
et al., 2020). Mosquitoes transmit two protozoa, two bacteria, four
filaria, and seven arbovirus in Iran (Azari-Hamidian et al., 2019; Pour-
iayevali et al., 2019). Malaria is a major endemic infectious disease in
Iran. Anopheles species is responsible for the transmission of malaria and
seven Anopheles species have been reported as vectors of malaria in Iran
(Vatandoost et al., 2019). Anopheles superpictus sensu lato (s.l.) is most
abundant and distributed species among Anopheles in Kashan County
(Asgarian et al., 2021). This research aims to provide insight into the
impact of climatic variables on native adult mosquito abundance and
activity in Kashan County.

2. Materials and methods

2.1. Study area

Mosquitoes were collected throughout Kashan County (33.9850� N,
51.4100� E). Kashan is located in the north of Isfahan Province, central
Iran, includes four districts, Central, Qamsar, Niasar, and Barzok Dis-
tricts. Due to the impact of the central desert of Iran on Kashan County, it
has a dry climate. The average high temperature is approximately 26.2 �C
and low average is about 12.1 �C. The average low relative humidity is
2

27% and average high is 56.4 %. Kashan rainfall is Mediterranean, so
Kashan rainfall season corresponds to the cold season and early spring
and its dry season coincides with the summer season. One of the effective
factors in Kashan climate is local winds that often blow from the desert
towards Kashan (I.R. of Iran Meteorological Organization, 2014).

Meteorological data of various climatic variables, including precipi-
tation, relative humidity (mean, maximum and minimum), wind speed
and temperature (mean, maximum, minimum) during the study period,
and daily weather conditions for our study were procured from the re-
cords of Kashan meteorological organization.

This research was approved by the Ethical Committee of Tehran
University of Medical Sciences (TUMS) (No.: IR.TUMS.VCR.REC.
1397.1001).

2.2. Mosquito collection

Mosquitoes were collected using four different traps, including Hand
Catch (HC), Animal Baited Bed Net Trap (ABBNT) (usually a cow),
Human Baited Bed Net Trap (HBBNT), and BG-Sentinel Trap (BG) with
CO2 from May to December 2019. In Hand Catch method, mosquitoes
resting on indoor and outdoor surfaces were collected by using mouth- or
battery-powered aspirators.

Collected mosquitoes were transmitted to the lab and placed in a
freezer -20 �C for at least 20 min to die. Mosquitoes were identified based
on a valid diagnostic key to Iran at the species level (Azari-Hamidian and
Harbach, 2009). Mosquito trapping sites were selected based on
observed mosquito activity, access to trapping site, private property and
risk of trap vandalism or theft. Locations for trapping sites were deter-
mined using Global Positioning System (GPS). Arch Map 10.5 software
was used to create a geographic database of adult mosquito sampling
sites and mapping the sites of collection and distribution of the most
important species of medicine (Figure 1).

Mosquito larvae were collected using a standard 350 ml capacity
mosquito dipper from April to late December 2019. Larvae were trans-
parent in lactophenol and individually mounted in Berlese's fluid on a
microscope slide and identified by morphological characters and valid
keys (Shahgudian, 1960; Zaim and Cranston, 1986; Azari-Hamidian and
Harbach, 2009) Some mosquitoes specimens were deposited in the
museum of medical entomology, TUMS.

2.3. Statistical analysis

The relationships of temperature, relative humidity, wind speed and
precipitation (Rainfall), with abundance of adult mosquitoes were
investigated on monthly by using Spearman's correlation method. The
data were analyzed in IBM SPSS Statistics 26. P < 0.05 were considered
as statistically significant.

3. Results

3.1. Mosquito collection results

A total number of adults of mosquitoes collected using various traps
from May to December 2019 were 1756 out of which 1621 (92.31%)
were Culex, 22 (1.25%) Culiseta and 113 (6.44%) Anopheles in nine
species including two of the genus Anopheles, six Culex, and one Culiseta.
Overall, Cx. pipiens (57.63%) was the predominant species followed by
Cx. theileri (25.17%) and An. superpictus s. l. (6.15%). Most mosquitoes
were collected by BG- Sentinel trap with CO2 (63.78%) and Cx. pipiens
(65.44%) was the most abundant species in this trap (Table 1).

A total of 9789 larvae were collected from urban and, rural areas of
four districts of Central, Qamsar, Niasar, and Barzok in Kashan County,
which included 13 species from Anopheles 772 (7.89%), Culiseta 1706
(17.42%) and Culex 7311 (74.69%). Culex pipiens had the highest
abundance with 3658 (37.36%). We have already reported the results of
larval sampling (Asgarian et al., 2021).



Figure 1. Adult mosquito sampling sites in Kashan County (2019).

Table 1. The collected mosquito species by varius traps, Kashan County, central Iran, 2019.

Species Hand Catch Human Baited Bed Net Trap Animal Baited Bed Net Trap BG-Sentinel Trap Total

n % n % n % n % n %

An. maculipennis s. l. 2 1.04 1 0.26 0 0 2 0.18 5 0.29

An. superpictus s. l. 3 1.56 30 7.92 0 0 75 6.70 108 6.15

Cs. longiareolata 22 11.45 0 0 0 0 0 0 22 1.25

Cx. deserticola 12 6.25 0 0 0 0 46 4.11 58 3.30

Cx. hortensis 13 6.77 0 0 0 0 19 1.70 32 1.82

Cx. mimeticus 0 0 0 0 0 0 23 2.05 23 1.31

Cx. perexiguus 30 15.63 0 0 0 0 24 2.14 54 3.08

Cx. pipiens 45 23.44 219 57.78 15 23.08 733 65.44 1012 57.63

Cx. theileri 65 33.86 129 34.04 50 76.92 198 17.68 442 25.17

Total 192 100 379 100 65 100 1120 100 1756 100

Table 2. Monthly collection of different adults of mosquito genera, Kashan
County, central Iran, 2019.

Month Anopheles Culex Culiseta Total

May 0 122 0 122

Jun 11 216 0 227

Jul 12 322 2 336

Aug 28 308 6 342
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Culex pipiens is distributed in many areas of the country. Culex quin-
quefasciatus is found in southern areas of Iran to Yazd County in central
Iran, and reported as sympatric with Cx. pipiens in the central regions.
Sequencing alignment of Ace.2 gene of Cx. quinquefasciatus and Cx.
pipiens showed 6.5% variation in 46 bp, especially in the intron locus of
gene. Culex pipiens complex from Iran are located in two separate clades
with sister branches using a phylogenetic sequencing tree (Dehghan
et al., 2013).
Sep 35 468 7 510

Oct 22 122 5 149

Nov 5 48 2 55

Dec 0 15 0 15

Total 113 1621 22 1756
3.2. Influence of weather on mosquito abundance

Monthly distribution of the adult of mosquitoes from May to
December 2019 indicated different monthly peaks. Their highest density
was recorded in September and the lowest was in December (Table 2).
Average of monthly temperature was decreased from 33.7 �C in August to
29.2 �C in September which was coincided with a period of low wind
speed (Figure 2).
3

The spearman's correlation of the abundance of adult mosquitoes and
the meteorological parameters showed that there was a strong negative



Figure 2. The collected mosquito adults and meteorological variables by month, Kashan County, central Iran, 2019.
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and significant relationship between Anopheles abundance with relative
humidity (�0.74) and rainfall (�0.84), while its relationship with tem-
perature was a positive correlation but not statistically significant, and it
was no correlation with wind speed. A strong positive correlation and
significant was observed between mosquito Culex with temperature
(0.85), while its relationship with relative humidity and rainfall was a
negative relationship and significant. Also a weak positive correlation
was observed between Culex and wind speed (0.35), but the relationship
was not significant. Culiseta had negative correlation with the relative
humidity, rainfall and wind speed, whereas, its relationship was positive
with temperature, but not significant (Table 3).

Generally, our results showed that correlation of the number of total
collected mosquitoes with relative humidity and precipitation (Rainfall)
was weak negative, and there was week correlation with wind speed, and
positive strong correlation with temperature (Figure 3).

Most larvae were caught in dry months. In August, the larval habitats
of the mosquitoes were in the best conditions to maintain the mosquito
population, so the number of larvae caught in August was higher. The
collected larvae and precipitation have been shown bymonth in Figure 4.

4. Discussion

Abundance and association of mosquitoes with the meteorological
parameters has been studied in some countries and meteorological pa-
rameters, have been identified as an important factor involved in the
transmission of vector-borne diseases (Watts et al., 1987; Ram et al.,
1998; Wu et al., 2007). Temperature, relative humidity, wind speed and
precipitation affect on mosquito survival, abundance and distribution.
Table 3. The spearman's correlation values between adult mosquito abundance
and climatic variables, Kashan County, central Iran, 2019.

Parameters Anopheles Culex Culiseta

r- value p-value* r- value p-value* r- value p-value*

Temperature 0.64 0.08 0.85 0.00 0.39 0.33

Relative
humidity

-0.74 0.03 -0.92 0.00 -0.54 0.16

Wind speed 0.08 0.83 0.35 0.38 -0.13 0.75

Precipitation -0.84 0.00 -0.90 0.00 -0.67 0.06

R ¼ 1.0–0.9 (Very Strong Correlation), r ¼ 0.89–0.7 (Strong Correlation), r ¼
0.69–0.4 (Moderate Correlation), r ¼ 0.39–0.1 (Weak Correlation), *p > 0.05
(Non-significant); P < 0.05 (significant).
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Our findings indicate that mosquito abundance was low in tempera-
tures above 30 �C, and was consistent with the results of other re-
searchers. Ciota et al., (2014) demonstrate that temperature significantly
affect larvae and adult survival, mosquito size, blood feeding, and
fecundity of populations of the Culex mosquitoes and temperatures
greater than 30 �C increased mosquito mortality (Ciota et al., 2014).
Researchers in eastern province of Saudi Arabia found a positive corre-
lation between mosquitoes with relative humidity and rainfall but
observed negative correlation with temperature (Jemal and Al-Thukair,
2018). Roiz et al. (2014) highlighted the climate-mosquito abundance
relationship are complex and these effects are non-linear. In Ekiti State,
Nigeria, temperature and Rainfall had a significant effect on the distri-
bution and abundance of the mosquito vectors (Simon-Oke and Olo-
fintoye, 2015). In Jeddah, Saudi Arabia monthly distribution of Culex,
Aedes and Anopheles during 2016 and 2017 had different seasonal peaks.
The average temperature below 30 �C was suitable for adult mosquito
abundance in the area of study. Correlation of Culex, and Anopheles
abundance with relative humidity, temperature and rainfall was not
significant. Aedes had a moderately positive correlation, and not statis-
tically significant with temperature and relative humidity. There was a
moderately positive correlation between dengue fever mosquito Aedes
with wind speed, but negative with Aedes and Anopheles (Khan et al.,
2018).

In our study during June to August and also October, the maximum
temperature on some days was over 40 �C that can be lethal for the
mosquitoes. The mean monthly temperature below 30 �C (29.2 �C) in
September was most suitable for adult mosquito survival and abundance,
which seem to be more suitable for their host searching activity. In
September, some larval habitats in Central and Niasar Districts were
dried, reducing the population of adult mosquitoes in October.

Bashar and Tuno (2014) studied the relationship between climatic
factors and Anophelesmosquito abundance in Bangladesh. They reported
a positive association between relative humidity with mosquito abun-
dance, but there was no significant correlation with temperature and
rainfall. In an endemic village near the Malaysia-Thailand border was not
found any correlation between rainfall and Anopheles mosquitoes (Rah-
man et al., 1993).

The precipitation affects mosquito populations. Precipitation creates
breeding sites for mosquitoes and larval development. On the other hand,
high precipitation may decrease mosquito populations. In our study,
climate difference was caused by differences in the density patterns of
mosquitoes, so that populations of mosquitoes were larger during the dry
months.



Figure 3. Scatter plot to show correlation of meteorological parameters with number of total collected mosquitoes, Kashan County, central Iran, 2019.

Figure 4. The collected mosquito larvae and mean of precipitation by month, Kashan County, central Iran, 2019.
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A significant negative relationship was observed between monthly
relative humidity and number of sampled Anopheles and Culex, but
relationship with Culiseta was not significant. In April, November and
December, rainfall increased, due to floods and rapid water currents,
mosquito larval habitats were destroyed, reducing the abundance of
adult mosquitoes, especially in the case of An. superpictus s. l., An. mac-
ulipennis s. l., Cx. deserticola, Cx. hortensis, Cx. mimeticus, and Cx.
5

perexiguus species whose their larval habitats is on the banks of calm
flowing rivers. Also, the average monthly temperature in November and
December was 13.4 and 8.9 �C, respectively, so low temperature also
reduced the abundance of mosquitoes. Densities of Culex spp. especially
Cx. pipienswere highest in July–September. Drought conditions may be a
benefit for Cx. pipiens because of the concentration of organic matter in
urban basins and ponds (Epstein, 2001).
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Culex pipiens prefers to lay its eggs in containers rich in organic matter,
heavy rainfall cause that these containers overflow or the amount of their
organic matter decrease and make them less suitable for Cx. pipiens (Wei-
cheld, 2015). Increasing the temperature, to some extent, increases the
development, reproduction and abundance of mosquito populations. Culex
pipiens maintained at warmer temperatures were more infected with West
Nile virus thanmosquitoesmaintained at cooler temperatures (Dohm et al.,
2002). The initial 1999 outbreak ofWest Nile virus in NewYork was due to
warm winters followed by hot, dry summers. In later years with similar
climatic conditions, there was a spread of the disease (Epstein, 2001).

In study of Nejati et al. (2020) in borderline of Iran and Pakistan, wind
speed and temperature had a direct significant correlation with the total
number of collected mosquito while there was a non-significant positive
relationship between wind speed and Anopheles and Culex in our study.

In addition to meteorological parameters and their effect on mosquito-
borne diseases, human activities and behavior also play an important role
in the transmission of these diseases (Gubler et al., 2001). In Kashan
County changes in living conditions, land leveling, destruction of lowlands
and highlands, improvement of streams and cementation of streams is
major factors in the disappearance of malaria, although climate-related
natural disasters such as floods may increase or change human contact
with mosquitoes. Vector-borne pathogens may be affected by climate
change. More research is needed to better understand the relationships of
these pathogens and their vectors and climatic variables.

5. Conclusion

Study of weather conditions and its effect on mosquito community
dynamics and disease transmission is important for performancing
effective surveillance and control programs (Bradford, 2005). Global
warming can change pattern of rainfall and temperature and directly or
indirectly affects larval habitats and the abundance of mosquitoes. Data
collected with various trap types and mosquito correlation with meteo-
rological parameters in this study can be usful for mosquito surveillance
and control programs. In Kashan County, somemosquito species have the
importance of health due to human-blood sucking. Because of the wide
range of climates and altitudes (from 942 m in Central District to 2044 m
in Barzok District) of Kashan County, monitoring and recording meteo-
rological parameters are necessary to aware of the possibility of growing
conditions new species and climate changes that are suitable for invasive
species, especially Aedes aegypti and Ae. albopictus. However, meteoro-
logical parameters affect the abundance of mosquitoes, but their impact
is complex and most of these variables are species specific (Roiz et al.,
2014). Geographic Information Systems (GIS), and monitoring mosquito
behavior in relation to environmental and climatic factors is needed for
increasing our knowledge to understand these relationships.
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