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Abstract

Background: A lot of factors contribute to the breeding of Anopheles mosquitoes, especially vectors of malaria para-
sites. This indirectly contributes to the transmission of these parasites. The physicochemical parameters associated
with the population of Anopheles larvae were studied for the period of twelve months in five selected communities in
Akure North Local Government area of Ondo State. This study was carried out to understand the relationship between
selected physicochemical parameters and the population of Anopheles larvae in the study area.

Results: Electrical conductivity was significantly correlated with the abundance of An. gambiae and An. funestus in
the area (r=0.840 and 0.843, respectively). Abundance of Anopheles larvae follows a positive linear regression with
electrical conductivity (R*=0.691). The pH was not significantly different in all the communities (P> 0.05); pH was neg-
atively correlated with the abundance of An. gambiae and An. funestus larvae, r= —0.530 and — 0.470, respectively.
Anopheles larvae population decreases as pH increases (R*=0.292). Total dissolved solid was positively correlated with
the abundance of Anopheles larvae, though the correlation was weak (r=0.21). There was slightly increase in Anoph-
eles larvae population as total dissolved solid increases (R>=0.048). The abundance of Anopheles larvae increases as
the dissolved oxygen, R?=0.552. Dissolved oxygen was not significantly correlated with Anopheles larvae population
(r= —0.734 and —0.789, respectively), there was no significant difference across the study area (P> 0.05). Tempera-
ture was significantly correlated with the abundance of Anopheles larvae (r=0.74). Anopheles larvae increase as the
temperature increases (R*=0.582).

Conclusions: The study revealed the important physicochemical parameters that influence the abundance of
Anopheles larvae in the study area. Manipulation of these important parameters could help in reducing the popula-
tion of the immature stages of this vector.
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Background

Malaria accounts for more cases of illness and death in
Nigeria more than any other country of the world (Oladepo
et al,, 2019). Schantz-Dunn and Nour (2009) reported that
malaria infection was responsible for underweight infants
at birth and anaemia in the mother and women. A lot of
factors contribute to the epidemy of this disease, such as
the lack of knowledge about malaria, poverty, and chronic
nature of most cases of the disease all of which together
form a vicious circle, which is difficult to break. Attempts
have been made in controlling this disease through the use
of insecticide-treated bed nets, quick diagnosis and appro-
priate treatment. These have resulted in significant drop in
mortality and morbidity in some countries, while the dis-
ease continues to be the primary cause of illness and deaths
in other countries, most especially Afro-tropical countries
(Lindsay et al., 2000; White, 2018). The control of malaria
involves the management of three living entities and their
environment; Man (the secondary host), a moving tar-
get and can take the disease very far and wide; Anopheles
mosquitoes (the primary host), which are mobile, highly
adaptable and have shown resistance to insecticides; and
the third entity are the aquatic stages of the primary host
known as vector (eggs, larval, and pupa stages), which are
restricted to an identified habitat. Therefore, it is important
to target the larval and pupa stages of this vector.

The main factors responsible for the burden of malaria
disease are the climatic and ecological factors that favour
the survival and developmental stages of malaria vec-
tors (MARA, 1998; Kibret et al., 2019). The knowledge
of the ecological features of the breeding habitats such as
electrical conductivity, dissolved oxygen, hydrogen con-
centration (pH), salinity, CO,, total dissolved solid, tur-
bidity, temperature, and other relevant environmental
factors that have a direct influence on the abundance of
mosquito can help in designing optimal vector control
strategies (Elmalih et al., 2018; Overgaard et al.,, 2001; Yee
et. al,, 2010). These factors must also successfully sup-
port the development of the immature stages, from the
first-instar larvae to the emergency of the adult stage of
the mosquitoes. The immature stages of Anopheles mos-
quitoes have body temperature that varies depending on
the outside temperature; this makes them to depend on
temperature of the aquatic habitat (Abiodun et al., 2016).
Mosquito habitats are characterised with different ranges
of electrical conductivity; the habitat types are also a
major factor that can make the electrical conductivity
differ (Obi et al., 2019). The electrical conductivity is an
important parameter used to estimate the level of dis-
solved salts in water and soil (Corwin & Yemoto, 2017).
An increase in conductivity of aquatic environment may
be an indicator that pollutants have been discharge into
the habitat (Emidi et al., 2017; Obi et al., 2019).
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Mosquito larvae have been found to adapt to ranges
of ambient pH that are higher than those tolerated by
other aquatic organisms (Ukubuiwe et al., 2020). Mos-
quito larvae depend mostly on atmospheric oxygen of the
environment, although some mosquito larvae have been
reported to use dissolved oxygen to complement the
atmospheric oxygen (Clements, 1992; Dida et al.,, 2015).
Larvae of mosquitoes are not affected by reduction of
dissolved oxygen since atmospheric oxygen is readily
accessible (Dale et al., 2007; Lancaster & Downes, 2012).
In the absence of atmospheric oxygen, mosquito larvae
use dissolved oxygen. It has been reported that mosquito
survives for some days when deny access to atmospheric
oxygen (Silberbush et al., 2015) and that the survival rate
decreases as dissolved oxygen in the concealed habitat
decreases. This research aimed to study the relation-
ship between immature stages of malaria vector and
some selected physicochemical parameters such as tem-
perature, pH, total dissolved solid, dissolved oxygen and
electrical conductivity of breeding habitats of malaria
vectors (Anopheles mosquitoes) in Akure North Local
Government Area. This could help in planning for hab-
itat-based control of the vector in the study area, which
might result to reduction in vector-biting rates and dis-
ease transmission.

Methods

Study area

Akure North Local Government Area is located in the
Northern part of Akure, the State capital of Ondo State
Nigeria. The local government covered an area of 660km?
with more than 131,587 human population (NPC, 2009).
The five locations where Anopheles mosquito habi-
tats were sampled include Oba-Ile, Igoba, Isinigbo, Ita-
Ogbolu and Iju. The selected locations within the study
area are popular towns with large populations. Anopheles
mosquito larvae and pupa were collected from identified
breeding sites within the study area. The breeding sites
were identified by random sampling of stagnant water in
drainages, ponds, river edges and open soil surfaces. The
geographical positioning system (GPS) coordinate of the
Anopheles mosquito habitats was taken using GPS device

(Fig. 1).

Collection of Anopheles mosquito

The collection of Amnopheles larvae was carried out
between 8 and 1lam in the morning from 360 breed-
ing sites. The breeding sites of Anopheles mosquitoes
were identified by random sampling of stagnant water
in the study area. Anopheles mosquito larvae were col-
lected from pond bed, river bed, spoors, river edges, rain
pool, pot hole and canal in the study area. Larvae were
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Fig. 1 Map of Akure North Local Government area showing the sample collection points

collected thrice monthly from different breeding sites;
10-15 dips were taken from Anopheles mosquito habitat
in selected localities from the study area between Octo-
ber 2018 and September 2019. Anopheles larvae were
identified by their characteristic horizontal positioning
on the surface of the water. The larvae were carefully col-
lected into small plastic containers by scooping gently to
avoid injuring the larvae. Each sample was labelled indi-
cating date, site and locality of collection. The containers
were loosely capped to avoid suffocation and immedi-
ately transported to the laboratory.

Morphological identification of mosquitoes

Larvae of Anopheles mosquitoes were identified under
dissecting microscope using standard morphological
characters keys provided by Gillies and Coetzee (1987)
and Nagpal and Sharma (1995).

Determination of the physicochemical parameters

of Anopheles mosquito habitats

After the identification of Anopheles mosquito habi-
tat, selected physicochemical parameters such as pH,

temperature, electrical conductivity, dissolved oxygen
and total dissolved solid were determined in situ before
Anopheles mosquito larvae and pupae samples were col-
lected. Electrical conductivity and temperature were
determined using Aqua-pro water tester (model-AP2).
The hydrogen ion concentration (pH) was determined
using Aquarium pool IA digital meter (model-PH 009,
range 0.0-14.0pH). AMTAST DO meter (model-
AMTO08) was used in determining dissolved oxygen. The
total dissolved solids of the habitats were determined
using Hanna instrument TDS meter with ATC (model-
DIST 1, range 10-1990 ppm). All studied parameters
were measured and recorded in four replicate, three
times per month for a period of 12 months (between
October 2018 and September 2019).

Data analysis

All collected data were analysed using Statistical Package
for Social Sciences (SPSS Version 26). One-way ANOVA
was used to determine significance between the mean
across different locations, and Duncan’s new multiple
range test (DNMRT) was used to measure specific differ-
ences. Pearson correlation analysis (r) was used to study
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Fig. 2 Percentage monthly distribution of Anopheles larvae in the study area

the relationship between the physicochemical parameters
and distribution of the malaria vectors. Regression analy-
sis was also used to determine the linear regression (R?)
value between the study parameters and abundance of
Anopheles mosquitoes in the study areas.

Results

Distribution of Anopheles mosquitoes immature stages

in the study area

The monthly distribution of immature stages of
Anopheles mosquitoes collected from the study area

is presented in Fig. 2. An. gambiae s. 1. is the most
abundant throughout the period of study, the highest
percentage was recorded in the month of November
(12.78%) followed by month of December (12.54%),
and the lowest percentage was collected in the month
of May (4.35%). An. funestus group was encountered
in the month of October (0.62%), November (0.79%),
December (0.62%), January (0.98%), February (0.88%),
March (0.20%), and September (0.13%).

Table 1 Physicochemical parameters of the sampled breeding sites in the study areas

Parameter Location Range Mean £ SE P value
Igoba Isinigbo Oba-lle lju Ita-Ogbolu

Electrical conductivity 246.92429.63a 254.67+37.8%9 24542+3038a 24233+32.00a 263254+369a 140-557 2505241452 P>0.05
(S/cm)

pH 709+0.18a 702+0.14a 6.89+0.13a 691£0.11a 6.68+£0.09a 6.05-8.23 6.924+006 P>0.05
Total dissolved solid (ppm) 1750+ 146a 1742+ 1.61a 1550+ 1.18a 1583+ 1.24a 16.75+130a 10-27 16.60£060 P>0.05
Temperature (C) 2650+£033a  2599+045a  2563+045a  2609+029a 2596740.55a 23.1-28.7 2604+0.19 P>005
Dissolved oxygen (mg/L) 8.01£0.05a 8.09+0.07a 8.17£0.07a 8.06£0.05a 8.10+£009 767-856  809+003 P>0.05

P-values are based on one-way ANOVA test

Means followed by the same alphabet (a) in rows are not significantly different (P> 0.05) from one another using Duncan’s new multiple range test (DNMRT)
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Monthly variation and correlation of physicochemical
parameters with Anopheles larvae in the study area

The result of physicochemical parameters from five loca-
tions selected for sample collection in the study area is
presented in Table 1. All the parameters’ study was not
significantly different across the study areas. The range
of pH recorded from Anopheles mosquito’s habitats was
between 6.05 and 8.23 with the mean value of 6.92+0.06
(P>0.05). The range of electrical conductivity (E.C.)
of habitat was found to be between 140 and 557 uS/cm
with the mean value of 250.52 4= 14.52 (P> 0.05). The tem-
perature was found to be between 23.1 and 28.7 °C. The
mean value of the habitats’ temperature in the study area
was 26.04£0.19 (P>0.05). Dissolved oxygen range was
between 7.67 and 8.56 mg/L with an average mean value
of 8.09£0.03 (P>0.05). The range of total dissolved solid
was between 10 and 27 ppm, with total mean value of
16.60 +0.06 (P>0.05).

Correlation between the physicochemical parameters
and distribution of Anopheles mosquitoes is represented
in Table 2. The result shows that the relationship between
electrical conductivity and abundance of An. gambiae
s. l. and An. funestus was significantly and positively
strong (r=0.840 and 0.843, respectively). The abundance
of An. gambiae s. 1. and An. funestus was positively and
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significantly related to the habitat temperature, r=0.737
and 0.759, respectively, and this shows that the rela-
tionship between these two variables was fairly strong
(P<0.05). The abundance of An. gambiae s. . and An.
funestus is negatively related to the dissolved oxygen
(r=—0.73 and —0.79 , respectively) and pH (r= —0.53
and r= —0.47 , respectively) recorded from the habitat.
The monthly mean of physicochemical parameter and
the monthly percentage of Anopheles mosquito larvae are
represented in Table 3. The highest percentage of Anoph-
eles mosquitoes larvae was collected in the month of
November (13.25%), with the highest mean of electrical
conductivity (443.80 uS/cm) and total dissolved solid of
23.40 ppm.

Monthly proportion of Anopheles mosquitoes

and physicochemical parameters

Monthly proportion of Anopheles mosquitoes larva
alongside with the average mean of some selected phys-
icochemical parameters are represented in Table 3. The
highest mean of electrical conductivity (E. C.) and high-
est number of Anopheles gambiae larva were recorded in
the month of November and December; with 954 larvae
of Anopheles gambiae collected in the month of Novem-
ber with 443.80 uS/cm electrical conductivity and 936

Table 2 Average monthly value of physicochemical parameters and its correlation with Anopheles mosquitoes abundance in the

study areas

Month Physicochemical parameters
E.C. (uS/cm) pH TDS (ppm) Temp. (°C) DO (mg/L)

October 274.60440.88b 6.88+0.05a 19.80+1.39de 27.224+031def 7.92+0.05ab
November 443.80+42.79d 6.68+0.07a 2340+ 2.06e 26.56+0.25bcd 8.01£0.06bc
December 3784043296 cd 6.74+0.11a 1240+£1.02a 28.14 4+0.39f 7.76£0.07a
January 290.60420.18b 6.55+0.04a 16.60 £ 1.03bcd 26.20+1.05bcd 8.03+£0.03bcd
February 366.40£47.19¢ 7.07+0.19a 15.20 4 0.66abc 27.5240.36ef 7.84+0.05ab
March 278.00412.89b 6.4940.25a 13.4041.03abc 27.00+041def 7.95+0.08ab
April 199.80 £ 6.64a 7.11+£0.23ab 20.4041.33de 2476 +047a 8.28+0.09%
May 183.8045.09a 6.954+0.14a 2220+ 1.74e 2460+041a 8.3140.08e
June 146.00 £ 2.76a 6.96 £0.29a 13.00+1.14ab 2498+ 0.46ab 8.27+£0.08e
July 152.20+7.01a 7.05+0.22ab 17404103 cd 25.0040.52ab 8.24+0.09%
August 147.004£5.52a 7.13+0.37ab 12.00£0.89a 25.08+0.48ab 8.24£0.08de
September 145.60+ 3.44a 7.59+0.28b 13.4041.29abc 25.38+0.55abc 8.19£0.10de
Correlation
(rvalue)

An. gambiae s. | 0.840** —0.530 0.219 0.737%* —0.734**

Sig 0.001 0.076 0494 0.006 0.007

An. funestus 0.843* —0470 0.141 0.759** —0.789**

Sig 0.001 0.123 0.661 0.004 0.003

Means followed by the same alphabet (lower case) in column are not significantly different (P> 0.05) from one another using Duncan’s new multiple range test

(DNMRT)

**Significant difference
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Table 3 Physicochemical parameters and Anopheles mosquitoes proportion
Month Physicochemical parameters Anopheles mosquitoes larva  Total
E.C. (uS/cm) pH TDS (ppm) Temp. (°C) DO (mg/L) An.gambiae  An. funestus (n=7644)
s.l. (%) (%)
(n=7329) (n=315)
October 274.60440.88b 6.88+£0.05a 19.8041.39de 27.224031ef 7.92+0.05ab 823 (11. 6 (14.60) 869 (11.13)
November  443.80+42.79d 6.68+007a  23.40+£2.06e 26.56+025bcd  801+0.06bcd 954 (13. 02) 9(18.73) 1013 (13.25)
December 37840+3296cd 6.74+0.11a  1240+1.02a 28.14+0.39f 7.76£0.07a 936 (12.77) 46 (14.60) 982 (12.85)
January 290.60420.18b 6.55+0.04a 16604+103cd  262041.05bcd 803+0.03bcd 715(9.76) 3(23.18) 788 (10.31)
February 366.40+47.19c 707+£0.19a  1520+066abc  27.524+0.36ef 784+£005b  595(8.12) 6 (20.95) 661 (8.65)
March 278.00412.89b 6.49+0.25a 134041.03abc  27.00+041def  7.95+0.08ab 636 (8.68) 5(4.76) 651 (8.52)
April 199.80 + 6.64a 7114+023ab 2040+ 1.33de 24.76 £047a 8.28+£0.09% 694 (9.47) - 694 (9.08)
May 183.80+5.09a 695+0.14a 2220+ 1.74e 2460+041a 8.31+0.08e 325 (4.43) - 325 (4.25)
June 146.00£2.76a 6.9640.29a 13.00+1.14ab 24.98 +0.46ab 8.27+0.08e 445 (6.07) - 445 (5.82)
July 15220+7.01a 705+022ab 1740+1.03cd  25004+0.52ab  82440.09% 349 (4.76) - 349 (4.57)
August 147.0045.52a 7.13+0.37ab  12.0040.89a 25.08 +0.48ab 8.24+£0.08de 405 (5.53) - 405 (5.29)
September  145.60 £ 3.44a 7594+028b  134041.29abc  2538+0.55abc  8.19+0.10de 452 (6.17) 10 (3.18) 462 (6.04)

Means followed by the same alphabet (lower case) in column are not significantly different (P> 0.05) from one another using Duncan’s new multiple range test

(DNMRT)

larvae collected in the month of December with 37.8.40
uS/cm electrical conductivity, while the highest number
of 73 larvae representing 23.18% of Anopheles funestus
larvae was collected in the month of January with 290.60
uS/cm electrical conductivity. There was no significant
difference (P>0.05) in the average mean of electrical
conductivity (pS/cm), temperature (°C), and dissolved
oxygen (mg/L) recorded from the month of April (199.80
uS/cm, 24.76 °C and 8.28 mg/L), May (183.80 uS/cm,
24.60 °C and 8.31 mg/L), June (146 uS/cm, 24.98 °C. and

8.27 mg/L), July (152.20 pS/cm, 25 °C and 8.24 mg/L),
August (147 pS/cm, 25.08 °C, and 8.24 mg/L) and Sep-
tember (145.60 pS/cm, 25.38 °C, and 8.19 mg/L); 694,
325, 445, 349, 405 and 462 Anopheles mosquitoes larvae
were collected from all those months, respectively.

Regression relationship between malaria vectors
population and physicochemical parameters

The regression relationship (R?) between the popu-
lation of Amnopheles mosquitoes and five selected
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physicochemical parameters are shown by scatter plot
in Figs. 3, 4, 5, 6 and 7. The population of the Anoph-
eles mosquito larvae increased as the electrical conduc-
tivity (EC) of the larval habitat increased (R*=0.69). In
this same way, the population of this vector increases as
the temperature of the habitat increases (R?=0.58). The
population of Anopheles mosquitoes increases as the
level of hydrogen population (pH) decreases (R*>=0.29).
Likewise, the population of the aquatic stages (larval
and pupa) of the vector decrease as the dissolved oxygen

increases (R*=0.55). Total dissolved solid of the larval
habitat was very low, and the population of vector slightly
increased as the total dissolved solid also increases
(R*=0.047).

Discussion

All the physicochemical parameters considered in this
study have a significant influence on the abundance of
malaria vector in the study area. Among the studied
physicochemical parameters, only pH and dissolved
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oxygen were found not to be significantly correlated
with the abundance of Anopheles mosquitoes in the
study area. The result of this research shows that pH is
negatively correlated with habitat preference of Anoph-
eles mosquitoes in the study area. This conformed to
the findings of Chaiphongpachara et al. (2018) and Obi
et al. (2019); they both reported that pH of the habitat
of immature stages of Anopheles mosquito was not sig-
nificantly correlated with the density of Anopheles lar-
vae in their respective location of study, though some
other species of mosquito larvae have been reported to
show a significant correlation with pH (Dejenie et al.,

2011; Nikookar et al., 2017). The findings of Getachew
et al. (2020) reported that the pH of Anopheles mos-
quito larval habitat could be slightly acidic or slightly
alkaline. This was in agreement with the report of
the present study, where the pH of the larvae habitat
was found between the range of 6.05 (slightly acidic)
and 8.23 (slightly alkaline). This shows that the adult
Anopheles mosquitoes have the ability of selecting a
suitable pH environment for their oviposition, which is
less acidic and less basic.

Abundance of Anopheles mosquito larvae in this
research was not significantly correlated with the habitat
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dissolved oxygen. In the study carried out by Kenawy
et al. (2013), the results of the multiple regression show
that dissolved oxygen is negatively associated with the
development of immature stage of the malaria vectors.
This is not in agreement with the findings of Bashar et al.
(2016), which reported dissolved oxygen as a predictor
for the abundance of Anopheles mosquito larvae. In some
specific area where Kenawy et al. (2013) carried out the
study some species of mosquitoes other than Anopheles
spp were positively correlated with dissolved oxygen. In
another study, it was reported that mosquito breed-
ing is negatively associated with dissolved oxygen (Ade-
bote et al., 2008; Alkhayat et al., 2020). Dida et al. (2015)
reported the collection of more Anopheles mosquito lar-
vae in a habitat with low mean of dissolve oxygen. This
supported the result of this current study. The range of
dissolved oxygen collected from Anopheles larvae habi-
tats in this study was between 7.67 and 8.56 mg/L. Garba
et al. (2018) had reported that Anopheles larvae can sur-
vive in habitats with 5.57-8.60 mg/L dissolved oxygen;
this range was recorded in all the habitats of anopheles
larva sampled on the highlands of Mambilla Plateau
in Taraba State North East Nigeria. The report of Dida
et al. (2015) recorded 6.4 mg/L in a habitat populated
by Anopheles mosquito larvae. Clements (1992) and Sil-
berbush et al. (2015) have reported that mosquito larvae
primarily depend on atmospheric oxygen, while dissolved
oxygen serves as an additional source of oxygen. Thus,
as far as atmospheric oxygen is available and accessible,
mosquito larvae are not affected by the depletion of dis-
solved oxygen (Lancaster & Downes, 2012; Yamada et al.,
2020).

The habitat’s electrical conductivity, temperature and
total dissolved solid were significantly and positively cor-
related with the abundance of immature stages of Anoph-
eles mosquitoes in the study area, though the correlation
between TDS and abundance of immature stages of
Anopheles mosquitoes was found to be very weak com-
pared to the relationship between electrical conductiv-
ity and immature stages of Anopheles mosquitoes which
was positively strong, and also the correlation between
the temperature and the immature stages of the Anoph-
eles mosquitoes showed positively strong. This indicates
the important of these two physicochemical parameters
(electrical conductivity and temperature) in preference
and development of vector of malaria diseases. Getachew
et al. (2020) reported the density of Anopheles mosquito
larvae not significantly associated with temperature;
this was not in agreement with the result of the present
study. The report of the current research work indicated
that temperature has a positive correlation with the
abundance of Anopheles mosquitoes in the study area.
Asare et al. (2016) reported that temperature of larval
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habitat has a significant influence on the development
of the aquatic stages of Anopheles mosquito. It was also
reported that the development of many mosquito spe-
cies critically decreases when the temperature of the
larval habitat goes below 14—16 °C (Afrane et al., 2012).
Gillooly et al. (2001) reported that temperature mediates
mosquito physiology and metabolic rate, because meta-
bolic rate increases exponentially rather than linearly
with temperature in ectotherms. The multiple regression
carried out by Kenawy et al. (2013) suggested that water
temperature is positively associated with the develop-
ment of immature stage of the vector. This was in agree-
ment with the findings of Bashar et al. (2016), which
reported that temperature was positively associated with
the breeding of the Anopheles mosquito larvae. Different
species of mosquito larvae have been found to develop
and survive in different ranges of temperature. Those
mosquitoes found at edges or banks of moving water are
found to develop under 16-19 °C (Dida et al,, 2018). In
this study, the temperature range of Anopheles mosquito
larval habitat was found between 23.1 and 28.7 °C. Some
other research works carried out in Nigeria reported
anopheline vector larval habitat temperature from 21.39
to 31.90 °C (Garba et al., 2018) and 26.5-29.3 °C (Afolabi
et al,, 2013); these are in agreement with the result of this
study.

Electrical conductivity is one of the important param-
eters used to determine the quality of water. This study
reports a fairly strong positive relationship between
Anopheles mosquito larvae and electrical conductivity
with range between 140 and 557 uS/cm. The electrical
conductivity associated with mosquito breeding habi-
tat reported in Ghana by Tiimub et al. (2012) was lower
compared to what was reported with Anopheles mos-
quito habitat in this study. This may be due to differ-
ences in study location. In an experiment carried out by
Othaman et al. (2020), the result shows that the electri-
cal conductivity is directly proportional to the nutrient
concentration. The nutrient concentration level is signifi-
cant to the survival and growth of the immature stages
of Anopheles mosquitoes; this could be the main reason
for the positive correlation between the abundance of the
immature stages of Anopheles mosquitoes and the elec-
trical conductivity. The range of total dissolved solid at
which Anopheles mosquito larvae occur in their natural
habitat in the study area was between 10 and 27 ppm.
Dida et al. (2015) had earlier reported that mosquitoes
larvae survive in habitat with total dissolved solids of
8-87 ppm. The total dissolved solid reported in this study
fall between the ranges that were reported by Dida et al.
(2015). The report by Garba et al. (2018) suggested that
Anopheles mosquito thrived in average total dissolved
solid of 21.85-50.45 ppm; this was different compared to
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the range of total dissolved solid reported in this study.
Abai et al. (2015) reported a very high total dissolved
solid (1261.40 4+1214.31) associated with Anopheles mos-
quito; the report disagreed with the result of this study.
The differences in total dissolved solid may be due to dif-
ference in study area and adaption of the Anopheles mos-
quitoes to difference level of total dissolved solid in the
study location. Vanlalhruaia et al. (2014) reported a posi-
tive association between total dissolved solid and abun-
dance of Anopheles mosquito. Vanlalhruaia et al. (2014)
also reported that Anopheles mosquitoes have a fairly
weak association with total dissolved solid compared to
other genus of mosquitoes, most especially Culex mos-
quito which prefer habitats with high dissolved matter
and high total dissolved solid. Significant positive rela-
tionship between total dissolved solids and abundance of
Anopheles mosquito has been reported by Musonda and
Sichilima (2019), which supported the result of this study.

Conclusions

The findings of this study have revealed physicochemical
factors that contributed to the abundance of larvae and
pupae of Anopheles mosquitoes in the studied area. The
physicochemical factors that influence the abundance of
immature stages include electrical conductivity, tempera-
ture and total dissolved solids. The stability of pH of the
oviposition habitats also contributes to the abundance of
non-flying stages of this vector. Manipulation or altera-
tion of these factors could help in managing the non-fly-
ing stages of malaria vectors.
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