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Abstract.

The breeding of malaria-spreading vectors such as Anopheles funestus is influenced by various environmental
factors that contribute indirectly to the transmission of the Plasmodium parasite. However, there is limited knowledge
of larval habitat ecology that hinder prevention and control of mosquito-borne diseases. This study aimed to charac-
terize larval habitats based on physicochemical and habitat characteristics, considering the abundance of A. funestus.
A cross-sectional survey method was used to collect data on the established transects. Physical parameters (water
temperature, pH, conductivity, and total dissolved solids) were measured using a 5-in-1 meter probe. Levels of chem-
ical parameters (sulphate, COD, and BOD) were determined in the laboratory using standard methods. Observations
were also made on habitat characteristics (including watercolor, habitat size, and canopy). There was significant effect
(P<0.05) of conductivity, pH, sulphate, COD, and BOD on the number of A. funestus larvae. Water samples with a
high population of A. funestus larvae were found to have higher conductivity (Me of 470.5), TDS (Me = 235), and pH
levels (Me of 6.71). Conversely, water samples with a high population of non-Anopheles funestus larvae were found to
have higher COD (Me of 843.20), BOD (Me of 367.2), and SO, levels (Me of 11.3). A significant correlation (p<0.5)
existed between A. funestus larvae and physical water parameters. For instance, Anopheles funestus larvae was high
(Me of 36.85) in stagnant water and in semi-permanent water (Me of 47.37). The study demonstrates that both physico-
chemical and habitat parameters significantly influence the abundance of Anopheles funestus larvae in larval habitats.
Parameters such as conductivity, pH, total dissolved solids, sulphate, COD, BOD, watercolor, depth, distance from the
homestead, and habitat size were found to be important in determining the presence of A. funestus larvae. Therefore,
vector control strategies should include larval source management by targeting rivers and other water bodies to prevent
the emergence of Anopheles funestus.
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1. INTRODUCTION in malaria risk zones (Getachew et al., 2020a). A study

Mosquitoes are important vectors that spread ma-
laria and other diseases such as dengue and yellow fever
(Mereta et al., 2013). Mosquito borne infections infects up
to 700 million people around the globe every year where
close to two million die annually (Mereta et al., 2013).
Anopheles funestus is a major malaria vector in Kenya and
therefore targeted for control, biology, insecticide resis-
tance (Mugenzi et al., 2022), and behavior studies (Mwe-
ma et al., 2022. Since A. funestus is an opportunistic and
anthropophilic, the use of long-lasting and indoor residual
spraying methods alone is not enough hence the need to
introduce new control strategies (Meza et al., 2022). Ac-
cording to Mereta ef al. (2013), African countries account
for most of the mortality, which mostly affects children
below five years. For instance, in Ethiopia, approximately
75% of the country are considered malaria endemic zones
and as of 2013, roughly 58.3 million individuals resided

by Kamau ef al. (2020) in Kenya also revealed that ma-
laria incidence stands at 64-70% among children aged 6
months to four years in the coastal regions of the country.
Despite recent efforts to control malaria as a major public
health issue within tropical regions, the disease remains
a challenge following Plasmodium parasite resistance to
antimalarial treatments and insecticides for the vectors.
The most common interventions used to curb the malaria
vector are long-lasting insecticide treated nets and indoor
residual insecticide spraying that target only adult stages
of the vector.

Recent studies have linked habitat characteristics to
survival of major Anopheline mosquitoes like larval abun-
dance. For example, Getachew et al. (2020a) showed that
mosquito vectors can be effectively controlled through
larval habitat management which has gained more atten-
tion in the last few decades as it targets the larval stages
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of the mosquitoes. In Iran’s malaria prone areas, Anophe-
line mosquitoes’ larval habitats have been characterized
using physicochemical parameters (pH, conductivity and
temperature) offering a significant step towards plan-
ning larval management programs (Soleimani-Ahmadi
et al., 2014). In Ethiopia, a study has also been done by
Getachew et al. (2020a) to characterize Anopheles breed-
ing habitats as part of malaria control interventions in the
country. Mbanzulu et al. (2022) conducted a similar study
in the Democratic Republic of the Congo to identify the
physicochemical traits of 4edes mosquito breeding envi-
ronments as a means of vector control. Characterization of
the larval habitats was carried out in a different study by
Hessou-Djossou ef al. (2022) in Benin to ascertain the im-
pact of physicochemical characteristics on the Anopheline
larvae population as a method of organizing vector man-
agement. To create a habitat-based malaria vector control
program, Akeju et al. (2022a) conducted a study in Ni-
geria that also assessed Anopheles mosquitoes, including
Anopheles funestus’ larval habitats, utilizing their phys-
icochemical and environmental features. According to a
study by Nikookar ef al. (2017b) in Iran, Anopheles larvae
are related to temperature, pH, total hardness, sulphate,
and conductivity. Anopheles funestus larval habitats were
described in a prior work by Nambunga ez al. (2020) in
Tanzania utilizing a variety of factors, including distance
from the homestead, water depth, and habitat size.
However, in Kenya studies characterizing the larval
water ecology and larval habitat of Anopheline mosqui-
toes like Anopheles funestus are scarce despite being a
principal malaria vector with reports on possible resis-
tance to control programs. To implement the malaria vec-
tor control interventions, it is important to understand the
larval habitat ecology to control them at immature stages.
Controlling the malaria vector at their immature stages is
advantageous as they are concentrated at a specific small
site as compared to their adult counterparts which are dis-
persed and occupy larger areas (Getachew et al., 2020a).
Hence the knowledge about larval water quality parame-
ters and an understanding of larval habitat characteristics
are key to designing effective malaria vector control pro-
grams. The aim of this study was therefore to characterize
preferred and non-preferred larval sites of Anopheles fu-
nestus in Fiyoni, Kwale County using their physicochem-
ical parameters and habitat characteristics. Climatic based
factors like temperature are key environmental determi-
nants of malaria which is highly conditioned by ecology
and affects local dynamics of the disease (Debrah et al.,
2021a). Understanding insect vectors like mosquitoes, its
population dynamics, their interaction with the environ-
ment (larval habitat) and Plasmodium parasite is also im-
portant in preventing the vector borne disease (malaria)
(McCord, 2016). Findings from this study could help in
developing habitat-based vector control strategy that may
reduce the rate of vector bites and malaria spread. This

study further attempts to create an understanding of the
ecological factors (water temperature, pH, conductivity,
total dissolved solids, watercolor, habitat size, and can-
opy) that may favor the survival of A. funestus larvae.
Knowledge of these ecological factors may be necessary
in developing sound strategies and policies necessary for
mitigating the transmission of malaria.

2. MATERIALS AND METHODS
2.1 Study Site

This study was conducted in the Fihoni villages locat-
ed in Kwale County, Kenya. The geographical coordinates
of the study site range from approximately 39.4857015°
E longitude to 4.4011020° S latitude. The elevation of
the study site is around 408 meters above sea level. As of
2019, the population in Kwale County was estimated to be
866,820 (KPHC, 2019). The climate in the area is char-
acterized by temperatures ranging from 27°C in May to a
maximum of 33°C in July, with an average temperature of
30.0°C (CGoK, 2021). The lowest recorded annual tem-
perature is 24.06°C, while the highest annual temperature
is 30.0°C. The average annual rainfall in the region varies
between 400 mm and 1680 mm, with May receiving the
highest amount of rainfall (131.95 mm) in the county. The
primary socio-economic activities in the area are farm-
ing, particularly Okra cultivation, and livestock rearing,
including goats and cows. The selection of this study site
was based on its endemicity to malaria diseases and the
presence of perennial rivers within the study area. Sam-
pling for this study was conducted between May and July
2021.

2.2 Survey design, sample collection
and storage

The study utilized a cross-sectional survey design to
survey mosquito larval habitats along a predetermined
transect. Each larval habitat was visited once to collect
data and water samples. Along the study area’s river, four
sampling points were established. At each sampling point,
water samples were collected from different corners of the
transect using a standard dipper with a long handle (30cm)
from Clarke Mosquito Control Products (Rosele, IL) for
three days. The individual water samples from each cor-
ner were combined to create a composite sample repre-
senting that specific sampling point. The composite water
samples were then labeled with the date, sample number,
and transect area and transported while in cool box to the
laboratory at KEMRI in Kwale for further analysis. In the
laboratory, the mosquito larvae were extracted and identi-
fied soon after arrival.

2.3 Characterization of mosquito Larvae habitat
Larval habitats that contained mosquito larvae either
Anopheline or the Culex spp (larvae) were identified based
on several factors. Some of the factors considered while
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choosing mosquito habitat were; distance from home-
stead, algal presence, vegetation cover, water movement,
size of the water body, water depth, water color, habitat
type and abundance of vegetation cover. The distance
from the homestead was measured using a tape measure
and grouped into three categories (<100m, 100-500m, and
>500m). Visual observation was used to determine the
presence of algae, vegetation cover, water movement, and
habitat type. Habitat size (width of the water body sam-
pled) was also measured using a tape measure and cate-
gorized as <10m, 10-100m, or >100m. Water movement
was assessed visually and categorized as stagnant (with
no movement at all) or slow moving. The habitat cano-
py was categorized as none (no vegetation cover), partial
(some vegetation cover), or shade type (more than half of
the habitat covered by vegetation).

Vegetation was categorized as submerged (roots and
entire plant below the water surface) or emerged (roots at
the water bottom with stems or leaves outside the water
surface). Water color was visually categorized as clear,
colored, or polluted. Water depth was classified into three
groups: <10cm, 10-50cm, or >50cm. Water type was cat-
egorized as semi-permanent (lasting about two weeks) or
small pool (holding water for less than four days). Algae
quantity was assessed visually and categorized as none,
scarce, moderate, or abundant based on the coverage of
the water surface.

2.3. Identification of Anopheles funestus larvae and
Determination of larval Preferred habitat

To identify mosquito larvae from each water sample
collected at various locations, a 100-ml water sample was
dispensed into a transparent watch glass. The mosqui-
to larvae were then carefully extracted from the water in
the watch glass using a camel-hair brush and placed on
Whatman paper. Only the late-stage larvae were kept for
analysis, while the early-stage larvae were discarded. To
euthanize the late-stage larvae, they were immersed in hot
water at 59°C for 2 minutes. The larvae were subsequent-
ly identified under a compound microscope by mounting
them on a microscopic glass slide, adding a drop of Hoy-
er’s mounting medium, and air drying them (Getachew et
al., 2020a). The identification keys provided by Gillies
and Coetze were used (Gillies, 1987). The larvae were cat-
egorized as either Anopheles funestus or other non-Anoph-
eles funestus species like Culex spp. The larvae in each
category were then counted to determine their respective
abundances. The water samples were classified based on
the abundance of Anopheles funestus larvae. Samples
containing more than ten Anopheles funestus larvae were
categorized as “preferred larval water,” while those with
fewer than ten Anopheles funestus larvae were designated
as “non-preferred larval water.” Composite water samples
from the transects containing more than fifty A. funestus
larvae were classified as having high density while those

between ten to fifty were treated as moderate. Otherwise,
they were categorized as ‘low’ density. The preserved
samples were then stored in vials containing 70% ethanol
at the Kwale laboratories.

2.4 Determination of the physicochemical
parameters of water samples

The physicochemical parameters of the collected wa-
ter samples were determined using various methods. In the
field, conductivity, temperature, total dissolved solids, and
pH were measured directly in the river using a handheld
5-in-1 tester probe (MaiDat, Saudi Arabia). To obtain the
readings, the probes were inserted into 2 liters of water
collected from the river and gently stirred until the read-
ings on the screen stabilized. Additional physicochem-
ical parameters such as sulfate concentration, chemical
oxygen demand (COD), and biological oxygen demand
(BOD) were measured in the laboratory using standard
methods. Sulfate concentration was determined using a
spectrophotometer [(HI 96751 sulfate, Hanna Instruments
Inc., Woonsocket, Rhode Island) de Almeida ez al., 2022].
COD was measured using a COD detector as per the user
manual [(Aquasol, APC ODDI1, Power Max Engineers,
India) Njoroge ef al., 2013]. BOD was measured using a
H198193 waterproof portable dissolved oxygen BOD me-
ter following the user manual [(Hanna Instruments Inc.,
Woonsocket, Rhode Island) Hessou-Djossou ef al., 2022].

2.5 Data analysis

The data collected on mosquito larvae abundance were
analyzed using descriptive statistics to determine whether
the collection site was preferred by the Anopheles funestus
or not and the result presented both in terms of frequency
and percentage. To examine the impact of physicochemi-
cal parameters on the presence of Anopheles funestus and
non-Anopheles funestus larvae in preferred and non-pre-
ferred habitats, data were subjected to a Mann-Whitney
test using Scientific Analytical System (SAS) version
9.4 with an (alpha = 0.05). Bonferroni adjustment was
applied to address multiple comparisons by setting the
adjusted significance level (alpha) at 0.025, obtained by
dividing the initial alpha level of 0.05 by 2 to account for
the two comparisons made. Data comparing the number
of A. funestus larvae and non-Anopheles funestus larvae
with physicochemical parameters were analyzed using the
Mann-Whitney test in SAS 9.4 (alpha = 0.05). The associ-
ation between larval habitat characteristics and the number
of Anopheles funestus and non-Anopheles funestus larvae
was assessed using the Chi-square test of association (al-
pha = 0.05) in SAS 9.4 (alpha = 0.05). Furthermore, the
Pearson correlation coefficient was utilized in SAS 9.4 to
evaluate the correlation between the number of Anopheles
funestus larvae, physicochemical parameters, and habitat
characteristics (alpha = 0.05).
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3. RESuLTS
3.1 Larval preference and density in
different habitats sampled

Two transects [transect A and C] were majorly pre-
ferred by the Anopheles funestus larvae with moderate
density as compared to transect B which was non-pre-
ferred (Table 1). Transect D was preferred with high den-
sity of Anopheles funestus larvae.

3.2 Effects of physicochemical parameters on the pres-
ence of both Anopheles funestus and non-Anopheles
funestus larvae in preferred and non-preferred larval
sites

Conductivity had a significant (p<0.05) effect on
the occurrence of A. funestus and non-Anopheles funes-
tus larvae. A. funestus larvae were significantly high-
er (Me=470.5) compared to non-Anopheles funestus
(Me=285). The Mann-Whitney U test statistic results for
the two larval sites [U (N . gimests 100 N G0 s = ) =
45, Z=-3.6350, p <.0001) was obtained (Table 2).

Temperature of larval water had no significant effect
(»<0.05) on the occurrence of Anopheles funestus and
non-Anopheles funestus larvae. The 4. funestus larvae were
significantly higher (Me=30.6) compared to non-Anophe-
les funestus larvae (Me=30.48). The Mann-Whitney U test
statistic results [U (N imestus =105 N S A e — 9) =176,
Z=-1.1116, p = 0.2490)] was obtained (Table 2).

Total dissolved solids had a significant effect (p<0.05)
on the occurrence of A. funestus and non-Anopheles fu-
nestus larvae. The A. funestus were significantly higher
(Me=235.00) compared to non-Anopheles funestus larvae
(Me=191.00). The Mann-Whitney U test statistic results
(UN A. funestus =10, N None A. funestus =9) =51, Z= -3.1449, p
=0.0014) was obtained for the two larval sites (Table 2).

Water pH had a significant (p<0.05) effect on the oc-
currence of A. funestus and non-Anopheles funestus lar-
vae. The A. funestus larvae gave a higher median (Me =
7.43) than that of the non-Anopheles funestus larvae (Me

= 6.45). The Mann-Whitney U test statistic results (U (N ,
o 10N, =9) = 4, Z= 34701, p = 0.0004)
was obtained for the two larval sites (Table 2).

Sulphate had a significant effect (p <0.05) on the oc-
currence of A. funestus and non-Anopheles funestus lar-
vae. Non-Anopheles funestus larvae however gave a high-
er median (Me = 11.30) than that of 4 funestus larvae (Me
=0.10). The Mann-Whitney U-test statistic results (U (N ,
Jmestus =10 N e =) = 130, Z=3.6298, p = 0.0002)
was obtained for the two larval sites (Table 2).

The COD had a significant effect on the occurrence
of the A. funestus and non-Anopheles funestus larvae. 4
funestus larvae gave a higher median (Me= 843.36) com-
pared to that of non-Anopheles funestus larvae (Me=
803.20). The Mann-Whitney U test statistic results (U (N,
Jmestus 1O NG e =) = 130.5, 2= 3.7712, p = 0.0001)
was obtained for the two larval sites (Table 2).

The BOD had a significant positive effect (p <0.05)
on the occurrence of the A. funestus and non-Anopheles
funestus larvae. A. funestus larvae gave a higher median
(Me =367.20) compared to that of the non-Anopheles fu-
nestus larvae (Me = 340.20). The Mann-Whitney U test
statistic results (U (N, Jnestus — 105 NG 4 mests =9) =130.5,
Z=3.7712, p = 0.0001) was obtained for the two larval
sites (Table 2).

3.3 Association between the habitat parameter and the
number of A. funestus larvae in Fihoni, Kwale county.
There was no significant (p > 0.05) association be-
tween water movement and number of mosquito larvae
in water body (¥* (2, 19) = 4.718, p = 0.0945). However,
the number of 4. funestus mosquito larvae were 0 % and
5.26% in habitats with rapidly flowing and stagnant water
respectively. On the other hand, non-Anopheles funestus
(Culex spp) were 10.53% and 31.58% in habitats with rap-
idly flowing and stagnant water respectively (Table 3).
There was no significant (p > 0.05) association be-
tween habitat canopy and number of mosquitos larvae (y*

Table 1: Anopheles funestus level of water preference in various habitats sampled.

Transect/Larval Type of larvae Frequency (Percent-  A. funestus Larval Habitat Preference by
Site visited p age Counts) Density Anopheles funestus
A. funestus larvae 45 (13.20)
Transect A Non-A. fiestus 63 (18.48) Moderate Preferred
A. funestus larvae 8 (2.35)
Transect B Non-A. finestus 87 (25.51) Low Non-preferred
A. funestus larvae 36 (10.55)
Transect C Non-A. fimestus 45 (13.20) Moderate Preferred
A. funestus larvae 51 (14.96) .
Transect D Non-A. funestus 6(1.75) High Preferred
Total 341(100.00)

where A, B, C and D =transects along the river, brackets =percentage number of larvae collected from the various

transects
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larval water in Fihoni, Kwale county.

Par. Type of larvae Mean SE Me Min Max N U Z - score P -Value
22.54 10 45 -3.6350 <.0001
Cond.  A. funestus 467.20 470.50  428.00  496.00
Non-A. funestus 335.56 6596 28500 276.00  426.00 9
Temp A. funestus 3069 048  30.60 30.10 31.90 10 76 -1.1116  0.2490
Non-A. funestus 3048 025 3040 30.10 3090 9
TDS A. funestus 23460 1390 23500 216.00 25400 10 51 -3.1449  0.0014
Non-A. funestus 182.44 3408  797.00 138.00 227.00 Y
pH A. funestus 7.38 0.29 7.43 6.71 7.74 10 47 -3.4701  0.0004
Non-A. funestus 6.51 0.19 645 6.31 6.85 9
SO4 A. funestus 1.22 3.54 0.10 0.10 11.30 10 130 3.6298  0.0002
Non-A. funestus 1129 003 7730 11.20 1130 9
COD A. funestus 807.22 1270  803.20  803.20  843.36 10 130.5 3.7712  0.0001
Non-A. funestus 84336 0.00 84336 84336 84336 9
BOD A. funestus 34290 270 34020 34020 367.20 10 130.5 3.7712  0.0001
Non-A. funestus 36720 0.00 36720 36720 36720 9

where Max= Maximum, N= Number of positive samples, U = Mann-Whitney U test, Cond. = Conductivity, Temp =
Temperature, Par.= Parameter, TDS= Total Dissolved Solids, pH=potential of hydrogen, SO4=Sulphate, COD= Chem-
ical Oxygen Demand, BOD= Biological Oxygen Demand, Negative values in Z-scores shows that data point is below
average. Analysis was done using Scientific Analysis System version 9.4, Replicates=3, SI Units= International System
of Units, Me= Median, SE=Standard Error. The p-values (for the 4. funestus and non-A. funestus) in the table were tested
using Bonferroni adjustment (0.05/2=0.025) for each physico-chemical parameter.

(2, 19)=5.2476, p = 0.0725). The A. funestus larvae were
21.05% and 10.53% in habitats with no canopy and heavy
canopy respectively. On the other hand, non-Anopheles
funestus larvae were 0.00% and 26.32% in habitats with
no canopy and habitats with heavy canopy respectively
(Table 3).

There was no significant association (p > 0.05) be-
tween distance from homestead and number of the mos-
quitoes’ larvae in the stream at Fihoni (*(2, 19) = 5.4386,
p = 0.0659). The A. funestus larvae were 26.32% and
21.05% in habitat with distance that are less than 50 m
from homesteads and distances which are more than
100 m from homesteads respectively. On the other hand,
non-Anopheles funestus larvae were 5.26% and 15.79% in
habitat with distances that are less than 50 m from home-
steads and distances which are more than 100 m from
homesteads (Table 3).

There was no significant (p > 0.05) association be-
tween water depth and the number of mosquito larvae in
water bodies (%*(2, 19) = 0.6929, p = 0.7072). A. funestus
larvae were 36.84% and 10.53 in habitat with water depth
of less than 50 cm and more than 100 cm respectively. On
the other hand, non-Anopheles funestus larvae were 31.5%
and 5.26% in habitat with water depth which is less than
50 cm and more than 100 cm respectively (Table 3).

There was no positive association between water type
and the number of 4. funestus larvae (p>0.05) (x*(1, 19) =
0.5322, p = 0.4657). A. funestus larvae were 47.37% and
5.26% in habitats with semi-permanent and small pools
respectively. On the other hand, non-Anopheles funestus

larvae were 36.84% and 10.53% in habitats with semi-per-
manent and small pools respectively (Table 3).

Association between water color and the number of
mosquito larvae showed no positive significant difference
(p > 0.05) between the A. funestus and the Culex spp (}*
(2,19)=1.3177, p=0.5174). The A. funestus larvae were
15.79% and 21.05% in habitats with clear and polluted
water respectively. However, non-Anopheles funestus lar-
vae were 10.53% and 26.32% in habitats with clear and
polluted water respectively (Table 3).

Association between algae quantity and the number
of mosquito larvae revealed no significant difference be-
tween the Anopheles funestus larvae and those of Culex
spp ()¢ (3, 19) = 6.2981, p = 0.0980). A. funestus larvae
were 15.79% and 21.05% in habitats with scarce algae
density and habitats with abundant algae density. How-
ever, non-Anopheles funestus larvae were 21.05% and
10.53% in habitats with scarce and abundant algae quanti-
ties respectively (Table 3).

Association between habitat size and the number of
mosquito larvae showed no significant difference between
the A. funestus larvae and those of Culex spp (}*(2, 19) =
0.4820, p = 0.7858). The A. funestus larvae were 36.84%
and 5.26% in habitats with a water body of diameter less
than 10 m in size and those with a diameter more than 100
m in size respectively. On the other hand, non-Anopheles
funestus larvae were 26.32% and 5.26% in water body size
with less than 10 m water body size and more than 100 m
water body size respectively (Table 3).
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Table 3: Effects of habitat parameters on the abundance of Anopheles funestus and non-Anopheles funestus larvae

Habitat Characteristics Assessed

Frequency (Percentage Larvae Abundance) Total

A. funestus Non-A. funestus
Water movement
Stagnant water 5(26.32) 6(31.58) 11(57.89)
Slow flow 5(26.32) 1(5.26) 6(31.58)
Rapid flow 0 (0.00) 2 (10.53) 7(36.58)
Total 10 (52.63) 9(47.37) 19 (100)
Habitat canopy
None 4(21.05) 0(0.00) 4(21.05)
Scarce 4(21.05) 4(21.05) 8(42.10)
Heavy 2 (10.53) 5(26.32) 7(36.85)
Total 10 (52.63) 9(47.37) 19 (100)
Distance from homesteads
<50m 5(26.32) 1(5.26) 6(31.58)
50-100m 1(5.26) 5(26.32) 6(31.58)
>100m 4(21.05) 3(15.79) 7(36.84)
Total 10 (52.63) 9(47.37) 19 (100)
Water depth
< 50cm 7 (36.84) (6 (31.58) 13(68.42)
50-100cm 1(5.26) 2 (10.53) 3(15.79)
>100cm 2 (10.53) 1(5.26) 3(15.79)
Total 10 (52.63) 9 (47.37) 19 (100.00)
Water type
Semi-permanent 9 (47.37) 7(36.84) 16(84.21)
Small pool 1(5.26) 2 (10.53) 3(15.79)
Total 10 (52.63) 9(47.37) 19 (100.00)
Water color
Clear 3 (15.79) 2 (10.53) 5(26.32)
Colored 3 (15.79) 2 (10.53) 5(26.32)
Polluted 4(21.05) 5(26.32) 9(47.37)
Total 10 (52.63) 9 (47.37) 19 (100.00)
Algae density
Scarce 3 (15.79) 4(21.05) 7(36.84)
Moderate 3(15.79) 3(15.79) 6(31.58)
Abundant 4(21.05) 2 (10.53) 6(31.58)
Total 10 (52.63) 9(47.37) 19 (100.00)
Water body size
<I10m 7 (36.84) 5(26.32) 12 (63.16)
10-100m 2 (10.53) 3(15.79) 5(26.32)
>100m 1(5.26) 1(5.26) 2(10.53)
Total 10 (52.63) 9(47.37) 19 (100.00)

where brackets represent percentage abundance of Anopheles funestus larvae and non-Anopheles funestus larvae in var-

ious habitat parameters assessed
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3.3.9 Correlation between number of Anopheles funes-
tus larvae, physicochemical parameters and habitat
parameters

There was a significant negative correlation (+=-0.822,
p<0.0001) between the number of Anopheles funestus and
non-Anopheles funestus larvae and conductivity levels in
the water sampled (Table 4). There was none significant
positive correlation (r=-0.276, p=0.253) between the num-
ber of Anopheles funestus and non-Anopheles funestus lar-
vae and temperature readings in the sampled water ana-
lyzed. Number of Anopheles funestus and non-Anopheles
funestus larvae had a strong positive correlation (r=-0.734,
p=0.000) with the total dissolved solids (Table 4). Number
of Anopheles funestus and non-Anopheles funestus larvae
had negative significant correlation (+=-0.877, p<0.0001)
with the values of pH recorded in the sampled water ana-
lyzed. Number of Anopheles funestus and non-Anopheles
funestus larvae had a strong positive significant correlation
with sulphate concentration (r=0.900, p<0.0001), COD
(+=0.900, p<0.0001) and BOD (+=0.900, p<0.0001) in the
water sample (Table 4). Similarly, total dissolved solids
had a stronger negative correlation (r=-0.619, p=0.005)
with habitat’s water depth. pH had a stronger negative cor-
relation with habitat’s water depth (=-0.829, p<0.0001)
and distance from homestead (7=-0.567, p=0.011). Sul-
phate has a stronger positive correlation with habitat’s
water depth (r=0.857, p<0.0001) and distance from home-
steads (=0.548, p=0.015). COD had a stronger positive
correlation with water depth (=0.858, p<0.0001) and
distance from homestead (= 0.549, p=0.015). BOD had
a stronger positive correlation with habitat’s water depth
(r=0.858, p<0.0001) and distance from homestead (r=
0.549, p=0.015) (Table 4).

4. RESULTS
A basic understanding of the mosquito larval ecology
is necessary to plan and develop effective malaria control
strategies. The present study found that physicochemical
characteristics and habitat characteristics are the main
variables that characterize Anopheles funestus larval hab-
1tat.

4.1 Relationship between physicochemical parameters
and the presence of Anopheles funestus or non-Anoph-
eles funestus larvae in preferred and non-preferred
larval sites

Anopheles  funestus larvae were higher while
non-Anopheles funestus larvae were lower where con-
ductivity was highest. These findings are different from
Nambunga et al. (2020) who reported that non-Anophe-
les funestus larvae were highest where conductivity was
highest. This can be explained by the presence of mobile
ions, mineral salts and dissolved salts that carry electric
charges hence increasing conductivity in the larval water
(Akeju et al., 2022b). Such minerals (for example, magne-

sium and calcium) provide a conducive environment for
larval growth (7chigossou et al., 2017). Findings of this
study suggest that higher temperatures were also associat-
ed with lesser numbers of Anopheles funestus larvae while
the number of non-Anopheles funestus larvae were higher.
This finding agrees with Nikookar et al. (2017a) who sug-
gested that Culex spp grows better at higher temperatures.
These results could be explained by the fact that higher
temperatures could be affecting the enzyme catalyzed re-
actions in Anopheline mosquitoes, hence reducing their
population significantly (Nambunga et al., 2020).

There was a significant association between total dis-
solved solids and the number of Anopheles funestus larvae
compared to non-Anopheles funestus larvae. These find-
ings are similar to those of Emidi et a/. (2017) who found
that there is a higher amount of total dissolved solids in
Anopheline dominated larval sites. This may be due to the
higher usage of inorganic fertilizers on the nearby farms
(Siddiqua et al., 2022).

Anopheles funestus larvae were numerous compared
to non-Anopheles funestus larvae in larval habitats with
higher pH values. This finding disagrees with Marrelli et
al. (2021) who reported that non-Anopheline species such
as Culex may thrive in various pH including alkaline en-
vironment. This difference in results can be explained by
the fact that alkaline environment may favor the growth
of larvae while lowering hatching rates while acidic larval
environment may reduce the growth and survival of spe-
cies at their larval stages but enhances the rate at which the
eggs hatch (Oyewole et al., 2009).

Anopheles funestus larvae were many where Sul-
phate, COD and BOD levels were lower compared to the
non-Anopheles funestus larvae. These findings are simi-
lar to those of Oyewole et al. (2009) who found out that
sulphate negatively affects anopheline larval growth and
survival. The effect of sulphate may be due to fertilizer use
which reduce the turbidity of the larval water thus making
it suitable for breeding by culicine mosquitoes (Mbanzulu
etal.,2022).

4.2 Effects of larval habitat parameters on Anopheles
funestus and non-Anopheles funestus larvae presence
in preferred and non-preferred larval sites.

Stagnant water and water movement with slow flow
reported a higher number of Anopheles funestus larvae
compared to non- Anopheles funestus larvae. Similar find-
ings were seen in Nambunga et al. (2020) who report-
ed that Anopheles funestus larvae were more abundant in
larval water with slow and stagnant flow as compared to
non-Anopheles funestus larvae. This may be due to high
levels of aerations because of dissolved oxygen in aquat-
ic habitats making them preferable to Anopheles funestus
(David et al., 2021).

Larval sites that had no habitat canopy and those
that had a scarce canopy reported high numbers those of
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Table 4: Correlation matrix between the Number of Anopheles funestus and non-Anopheles funestus larvae and the phys-
icochemical and habitat parameters in Fihoni Kwale County.

SI Units
Cond 0 M,M -o,w&_ 0 Mm 0 Mm_ o,w\ow 0 M,m 0 AMM om,mm 0 Mm o\w% 0 Mw -w\_ MMM gy e S
: : : : : : : : : : : : 276 496 404.8 +82.1
(<.0001) (0.019) (0.087)  (0.010) (0.780)  (0.800) (0.701) (0.919) (0.311) (0.685) (0.463) ((<.0001)
Temp 0433 -0.029 -0363 -0337 -0.183  -0364 -0371 -0.537 -0367 -0218 -0224  -0.276
(0.064) (0.907) (0.127)  (0.158) (0.452)  (0.125) (0.118) (0.018) (0.122) (0.371) (0.358) (0253) a0 s, c 20.6436.5
DS 0.619 -0262 -0298  -0397 0.170  -0.076 0217 0017 -0254 0262 0024  -0.734
(0.005) (0.279) (0:215)  (0.092) (0.488) (0.757) (0373) (0.946) (0.295) (0278) (0.923) (0.000) i s ppm 509.9 436.5
pH 0829 0311 0405 0567 0090  -0.123 0158 -0.053 -0254 0211 0064 0877 i oo 604051
(<.0001) (0.196) (0.086)  (0.011) (0.714)  (0.616) (0.518) (0.828) (0.293) (0.387) (0.794)  (<.0001)
S0, 0857 0295 0342 0548 -0.104 0122 -0276 -0.013 0322 -0317 0.039  0.900 L 1s Mg/L 59457
(<.0001) (0.220) (0.152)  (0.015) (0.672) (0.618) (0.252) (0.958) (0.179) (0.186) (0.875)  (<.0001)
cob 0858 0297 0343 0549 0103  0.122 0275 -0.013 0323 -0316 0.041 0900 ooio .o, Mg/L 0.6
(<.0001) (0.216) (0.151)  (0.015) (0.674)  (0.620) (0.254) (0.957) (0.178) (0.188) (0.868)  (<.0001)
BOD 0858 0297 0343 0549 -0.103  0.122 -0275 -0.013 0323 -0316 0.041  0.900 Mg/l
(<0001) (0216) (0.151)  (0.015) (0.674) (0.620) (0.254) (0.957) (0.178) (0.188) (0.868) (<.0001) .0 o) 1544430

where WB = Water body, WM = Water movement, HTC = Habitat Canopy, DHM = Distance from homestead, WD = Water depth, WT = Water type, VT = Vegeta-
tion type, WC= Water color, VQ = Vegetation quantity, AlQ= Algae quantity, HS = Habitat Size, ML = Mosquito larvae, Max = Maximum, Min= Minimum, BOD
= Biological oxygen demand, COD = chemical oxygen demand, TDS = Total dissolved solids, Temp = Temperature, cond = Conductivity, SI Units= International
Systems Units, S/m=Siemens per metre, °C=Degree Celsius, ppm=parts per million, -= no units, mg/L= milligrams per Litre, Values in parenthesis are p-values,
Negative values shows a negative correlation, Analysis was done using Statistical Analytical System (SAS) version 9.4
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Anopheles funestus compared to the non-Anopheles funes-
tus larvae. These findings differ from Debrah et al. (2021)
who indicated that Anopheles funestus prefers larval hab-
itats covered with a thicker vegetation. The differences
in results may be due to the role of aquatic macrophytes
which plays a role in survival and larval development
(Nambunga ef al., 2020).

Habitats that are less than 50 m from homesteads
within the study sites had higher numbers of Anopheles fu-
nestus larvae compared to non-Anopheles funestus larvae.
Similar findings were reported in Mwingira et al. (2020);
Schoelitsz et al. (2020) who indicated that homesteads
near larval habitats have a higher number of Anopheles
mosquitoes. This may be because Anopheline mosquitoes
have a higher demand for blood meal from humans in their
adult stage (Nambunga et al., 2020).

Larval sites that had a water depth of less than 50 cm
showed higher number of Anopheles funestus compared to
non-Anopheles funestus. The findings contradict the find-
ings of Nambunga et al. (2020) who found out that Anoph-
eles funestus prefers larval habitats with more than 50 cm
of depth. This can be explained by the fact that Anopheles
species lack a siphon to breathe under the water and hence
may need less deeper water bodies (Ondiba et al., 2019).
Anopheles funestus were also higher in water depth more
than 100 cm as compared to non-Anopheles funestus lar-
vae. This finding concurs with Kahamba ef al. (2022) who
found out that the survival of Anopheles funestus depends
on several climatic factors. This may be because Anoph-
eles funestus tends to avoid adverse climatic factors like
direct sunlight, predation and crowding which affects the
rate of their larval development (Debrah et al., 2021b).

There were more Anopheles funestus larvae in lar-
val sites with semi-permanent stream compared to the
non-Anopheles funestus larvae. A different result was
reported by Imbahale et al. (2011), who suggested that
Anopheles larvae could be found in permanent water bod-
ies. The difference in results could be explained by the fact
that in the permanent streams, the water flow lasts longer
during which they are colonized by culicine larvae unlike
the seasonal water bodies which dry up faster (Omolade,
2018).

More Anopheles funestus larvae were present in lar-
val sites with clear color as compared to non-Anopheles
funestus larvae. These findings are in line with Nambunga
et al. (2020) who showed that Anopheles funestus breeds
in clear larval habitats. This could be because Anopheles
species prefers clear larval water where eggs laid can float
freely horizontally (Kahamba et al., 2022).

Larval habitats with a water body size of less than 10
m showed a higher population of Anopheles funestus lar-
vae than non-Anopheles funestus larvae. Different findings
were reported in Imbahale et al. (2011) who hinted that
water bodies with less than 10 m size have more Culicine
species. That may be attributed to the ability of non-Anoph-

eles funestus to thrive faster under such conditions due to
higher temperatures (Carlson et al., 2009). Larval sites
that were between 10 m and 100 m had lower numbers of
Anopheles funestus larvae as compared to non-Anopheline
larvae. The findings disagree with Keating et al. (2004)
who found that Anopheline may prefer smaller habitats.
These difference in results may be due to possible crowd-
ing of larvae and competition of available resources in the
larval habitats (Akeju et al., 2022b).

4.3 Correlation between the number of Anopheles
funestus larvae and, physicochemical and habitat
parameters

The number of Anopheles funestus and non-Anophe-
les funestus larvae is negatively correlated with the con-
ductivity and temperature of water in the larval habitat.
Different results were reported by Akeju et al. (2022b)
who found that electrical conductivity significantly cor-
relates positively with Anopheles funestus larvae. The dif-
ferences in results may be due to the role of temperature in
mediating mosquito physiology and metabolic rate since
metabolic rates would increase exponentially with an in-
crease in temperature within exothermic animals (Akeju
et al., 2022b). Total dissolved solids and pH are weakly
correlated with water depth. This finding conforms to
Subba Rao (2008) who reported that total dissolved sol-
ids decrease with water depth. This may be due to human
activities like long-term irrigation and the application of
agricultural fertilizers which increases salinity in the top
surface water (Akeju et al., 2022b).

Level of sulphates, COD and BOD strongly correlat-
ed with water depth and habitat distance from homesteads,
water movement, habitat canopy, water type, vegetation
quantity and habitat size. This finding conforms to Nam-
bunga et al. (2020), who reported that Anopheles funes-
tus larvae correlates with vegetation cover. This may be
due to the vegetation’s role in the larvae’s ecology. This
finding agrees with Tang et al. (2019), who reported that
COD has a correlation with the distance from homesteads.
Probably, this is due to human dwellings’ proximity to the
rivers which leads to degradations resulting from biolog-
ical changes and pollution (Abba & Elkiran, 2017). The
BOD correlates strongly with distance from homesteads.
Similar findings were reported by Siddiqua et al. (2022),
who explains how closeness to human dwellings may lead
to deposition of organic materials which increases BOD.
This may be due to the deposition of organic materials in
the water, which leads to odor and color, which are asso-
ciated with higher BOD (Nyandwaro, 2017; Ferronato &
Torretta, 2019).
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