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ABSTRACT: This paper presents the results of a field experiment, whose aim was to investigate the potential of dissolved cow
dung to cause anopheles larval population reduction in Yala swamp, western Kenya. Field experiments were conducted in
two fish ponds located within the drained part of a wetland, and two swamp pools in undisturbed parts of the wetland. The
experimental pond was treated with decomposed cow dung, while control pond and swamp pools were not treated. Data
collection involved regular larvae sampling and water quality measurements in order to compare mosquito larval densities
among the habitats based on variations in physic-chemical parameters. The species of anopheles mosquitoes identified were
Anopheles gambiae complex and Anopheles funestus. The distribution and abundance of mosquito larvae was significantly
associated with water quality parameters such as pH (r =-0. 48; P < 0.01), DO (P < 0.01), Conductivity (r =-0.11; P < 0.01) and
Turbidity (r =-0.57; P < 0.01). The results show that cow-dung treatment significantly reduced Anopheles species population
in the experimental pond without diminishing the dissolve oxygen concentration levels required for diverse biota. Thus, cow-
dung has potential to control aquatic stage of malaria vectors, and further experiments could help to refine its use as a tool
for larval source reduction in rural settings. This can facilitate community-based vectors control in rural areas where
numerous transient mosquito breeding habitats occur.
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1 BACKGROUND

Malaria is a hurdle in achieving millennium development goals, as it impedes global effort aimed at promoting overall
human development in the developing countries, especially sub-Saharan Africa. The disease is a major public health problem
to the global community. Evidently, the burden of malaria on the human society is felt disproportionately between
developed and developing nations, urban and rural populations [1], [2], as well as within household disparities between men
and women, children and adults [3], [4]. In Africa, malaria remains predominant in the rural areas of sub-Saharan region [5],
[6], where the poor have very limited financial assets and consequently fare worse when malaria attacks and persists [7]. It is
estimated that malaria deprives Africa resources worth U.S $ 12 billion every year [8]. This means that Africa’s over reliance
on conventional approaches to malaria control, which hugely targets the parasites and adult mosquito vectors, is not yielding
much needed results with visible socio-economic land marks. Research focus on a set of interventions for malaria that
integrate larval source reduction rather than pursuing the conventional approach is now required.
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Larval source reduction is a very old mosquito vectors control strategy, and has worked so well in efforts to eradicate
malaria in developed countries [9]. This approach, however, has not been successful in Africa [10]. For decades in the United
States of America (US), Canada, throughout Europe, Brazil and Singapore, larval control yielded positive results for malaria
control [11], [12]. Strategies such as marsh drainage, ditch clearing, use of larvivorous fish, (Gambusia affinis), intermittent
irrigation and Bacillus thuringiensis var. israelensis (Bti) yielded positive results in Italy, USA, Israel, Indonesia and some parts
of Brazil [9], [10], [13]. Most of these approaches are expensive and hence require huge sums of money to undertake on a
large scale. A strong view is emerging that larval source reduction strategies used in developed countries may have
succeeded due to the level of industrialization in those countries, and consequent urbanization. This is likely so, because
studies have shown that the popular approaches that have been used to reduce suitable mosquito breeding places in urban
areas are practically inappropriate in rural settings [14], [15], [16]. However, it is a common knowledge that the highest
percentage of African population resides in rural areas. Thus, any mosquito control initiatives that can bear significant
reduction of malaria transmission, in Africa, should consider pro-active involvement of the rural population as crucial entry
point.

As happens in most African rural settings, mosquitoes’ breeding sites are often small, numerous, scattered and shifting
with the season and indiscriminate human activities [17]. Elimination of mosquito breeding in majority of such wide variety
of temporary water collections, over sufficiently large area, will require active involvement of the entire community.
Ultimately, this cannot be achieved without fronting a supplementary tool for larval control that is simple, cheap, effective,
less labor intensive, environment friendly and culturally acceptable.

Further, recent studies show that malaria is declining in some African countries [18], and this is attributed to integrated
malaria control approach employed for the last few decades. The approach involved advocacy for and use of insecticide
treated mosquito nets (ITNs), use of indoor residual spray (IRS) as well as timely diagnosis and effective treatment. In this
regard, renowned scholars now call for new intervention initiatives that could be added to the existing vector control
strategies in order to facilitate speedy eradication of malaria on the continent [19]. Furthermore, the above global malaria
control strategies are targeted at the parasites (pathogen) and the adult mosquito vectors which maintain the ecological
cycle of malaria transmission [20], [21]. Recently some scholars have expressed their great concern that larval source
management has been long neglected in Africa, despite being one of the oldest malaria control strategies [10]. Accordingly, it
is widely acknowledged that less effort has been turned on mosquito larval control in developing countries and Africa in
particular. A recent study recognized that in order to maintain the gains made in the fight against malaria, while pursuing
further reduction of malaria transmission, there needs to be additional tools for vector control [22].

The existing mosquito larval control measures require trained personnel and are generally expensive. Thus, relying
entirely on the current approaches to larval source management might continue to alienate communities from participating
in larval control programmes. Evidence shows that Bacillus thuringiensis var. israelensis (Bti) is expensive, requires frequent
repeat applications and cannot control pupae [23], [24]. Even the use of fish predator for mosquito larvae control might only
work in relatively large and less transient water pools, which are usually less preferred for anopheles breeding. What is more,
serious concerns have been raised about the threats of exposure to chemicals when people use indoor residual sprays such
as DDT. What is more, studies have also demonstrated that DDT use resulted in the emergence of resistance strains of
mosquitoes, with potential negative effects on biodiversity [25].

Overall, despite the challenges, a renewed call for large scale larval source reduction is lately gaining momentum [26],
[27], [28]. This is contrary to pessimists’ opinion that an area specific approach might bear results [29], [30]. Both approaches
have their own strengths and weaknesses, but most importantly implementing either approach still presents an uphill task
especially in Africa. This is so, because distribution of larval habitats and their potential for anopheles larvae productivity
varies widely between regions at different spatial and temporal scales [31], [32]. An area wide treatment with larvicides
requires greater care not to harm the wider aquatic ecosystem compared to an area specific treatment. On the contrary any
area specific treatment necessitates accurate information on productive anopheles larval habitats, which at the moment is
not refined [33]. It is on this background that this paper presents the preliminary findings of an innovative research
evaluating the potential of decomposed cow-dung to hinder anopheles larval production as a strategy to reducing malaria
transmission.

Therefore, the use of cow-dung is aimed at fostering area wide control of mosquito breeding grounds, using locally
available material without any financial constraints or technicalities, thereby allowing active involvement of communities in
the fight against malaria. This paper presents the evaluation of physic-chemical parameters of dissolved decomposed cow-
dung treated pond and their effect on Anopheles mosquito breeding in Yala swamp wetland of western Kenya.
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2 MATERIALS AND METHODS
2.1 STUDY AREA

The study was carried out in Yala swamp, Siaya district of Western Kenya. The district lies between latitude 0° 26 South to
0° 18 North and longitude 38° 58’ east and 34° 34’ west. Yala swamp is the third largest deltaic wetland in Kenya after the
Lorian swamp and Tana River delta. The swamp has been massively encroached for agricultural purposes. Commercial
agriculture goes on in the wetland despite the fact that it is the most valuable riparian and floodplain wetland in the delta of
River Yala within the Lake Victoria ecosystem, covering a geographical area of 17,500 ha (175 km?). This raises fear that
changing land use system may create suitable habitats for Anopheles mosquito breeding, thereby increasing malaria
prevalence in a region that is remote, poor and has ill-equipped health facilities.

2.2 EXPERIMENTAL DESIGN

Study sites were selected for regular sampling of mosquito larvae from two ponds and two small swamp pools in an
experimental design. Study sites were identified and demarcated in March 2006 followed by establishment of experimental
and control ponds in drained parts of the wetland. The small swamp pools were identified in undisturbed parts of the
wetland for regular larvae and water sampling. Experimental and control ponds, each measuring 300 cm x 400 cm at a depth
75 cm, were constructed. Each pond was then filled with fresh water to capacity and left for free flying mosquitoes to
colonize and breed. The yala River water was pumped into the ponds from farm irrigation channel using generator. The
experimental pond was treated with dissolved decomposed cow dung before the commencement of mosquito larvae
sampling in April. Approximately 2kg of decomposed cow-dug was added to 10 litres of water in a plastic tub and mixed
thoroughly before extracting the filtrate for the pond treatment (Table 1).

Table 1. Pond treatment with dissolved decomposed cow dung against mosquito larvae

Species targeted Material used Application rate-unit/9m3 of  Duration (Days to
pond water re-treatment)

An. gambiae
Dissolved  decomposed 10 Litres 15 days
An. funestus cow dung
Source: Field experiment adopted modified version [34].

The pond treatment with cow dung (organic fertilizer) was informed by the study findings of Garg and Bhatnagar [35],
which investigated the effect of five different doses (5 000, 10 000, 15 000, 20 000, 24 000 kgha™ year™) of cow dung on
pond productivity and fish biomass in still water ponds. A third dose of 15000 kgha™ year™ yielded higher species diversity
(zooplankton and phytoplankton) and fish biomass. It was also observed that dissolved oxygen remained significantly high at
4.7 mgl™, but the decline of the above parameters occurred with the increase of treatment doses (20000-24000 kgha™
year™). It was further observed that, at the application rate of 15000 kgha™" year™, the residual effect of cow dung decreased
after 60-75 days. The duration of experiments we carried out between seasons 9wet and dry) fell within the number of days
required to minimize residual effects of cow dung. Going by the rate of cow dung application Garg and Bhatnagar used [35], a
pond measuring 12 m? requires 18 kg.

2.3 DATA COLLECTION
23.1 MosQuITO LARVAE SAMPLING

Regular mosquito larval sampling was carried out in three categories of habitats (Control pond, treatment pond and
swamp pools which occurred in undisturbed parts of the wetland) within the study area. Mosquito larvae were sampled
twice a week from April 2006 to August2006 between 8.00 hours and 12.00 hours. Larvae in third and forth instar stages of
mosquitoes’ development were collected by dipping (using standard dipper). The dipper of capacity 400 ml was used as a
survey tool for sampling mosquito larvae as recommended by Claudia [36] and Service [37]. Dipping was done at the rate of 6
dips per m? of water surface area. This was applied in small swamp pools where two such pools were identified and marked
for regular sampling. For large habitats (control pond and treatment pond) 30 dips were taken within 5 m? areas along the
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edges and around floating substratum on water surface. During larvae sampling, vegetation and any substrate on water
surface of each habitat was noted on every sampling day for the whole period of study. They included dense mats of floating
vegetation, Cyperus papyrus, Typha, grasses and herbaceous plants. We also noted potential predators of mosquito larvae
during the study. These included water bugs (Diplonychus sp, Hemiptera: Notonectidae), water beetles and water beetle
larvae (Dytiscus sp, Coleoptera: Dytiscidae), dragonfly larvae (Pantala sp, Odonata: Libellulidae), as well as Toads and
tadpoles (Table 2).

Table 2. Mean bio-physical conditions of mosquito larval habitats during the study period

Bio-physical Conditions of Larval Habitats

Habitats Water Conditions
Vegetation Predators Colourless & foul Coloured & foul

Control pond 40(3.7940.12) 40(2.75+0.11) T

Treatment pond 40(4.01+0.22) 40(3.15+0.26) Tt

Swamp pools 40 (4.65%0.28) 40(3.08+0.29) Tt

Values on predators and vegetation are given in mean frequency and standard deviation of occurrence in each habitat,
while water condition is presented using symbol (t for a single condition: colour without smell, ¥ * for both conditions:
colour and smell).

2.3.2 PHYSICO-CHEMICAL VARIABLES

Selected habitats namely control pond, treatment pond and swamp pools were positive for mosquito larvae, and were
consequently evaluated for physico-chemical characteristics. A water sample was collected from each breeding site
concurrently with the collection of mosquito immature, between 08:00hrs and 12:00 hrs on each sampling day. Key water
quality parameters measured were phosphorus (PO, P), nitrogen ammonia (NH,; - N), nitrate (NOs N), temperature (2C),
dissolved oxygen (DO), hydrogen ion concentration (pH), electrical conductivity (EC) and turbidity. Initial readings were made
from a freshly collected water sample in the dipper itself after sorting the larvae and were analyzed within 3-5 hrs of
collection in Lake Victoria Environment Management Programme (LVEMP) laboratory, Kisumu. Elsewhere in Pakistan, a study
demonstrated no significant differences in physico-chemical parameters of mosquito breeding water within 12 hours after
collection [38]. Thus, it was assumed that any significant physico-chemical changes would not occur within the short time lag
between collection and analysis in the LVEMP Laboratory. However, due to long distance and lack of reliable public transport
from the study area to Kisumu town where LVEMP Laboratory is located, only parameters that could be measured directly in-
situ were tested further during larval sampling. Accordingly, three of the initial eight parameters measured (PO, P, NH4 - N,
and NO; N) were not tested further (Table 3).

The Temperature, pH, Conductivity, Dissolved Oxygen (DO) were measured using M90 multi-probe meter. Turbidity was
measured in Jackson Turbidity Units (JTU), Renn CE [39]. Temperature (2C) and hydrogen ion concentration (pH) were
determined in-site at the time of collection, die latter using BDH pH-paper. Other parameters such as dissolved oxygen,
turbidity and conductivity were analyzed during field sampling exercise using M90 multi-probe meter. Turbidity was
measured in Jackson turbidity units (JTU).

Table 3. Data of water quality parameters tested in Lake Victoria Environment Management Programme Laboratory, Kisumu.

Larval Habitats

Date Control Treated Swamp Unit of
Parameters Sampled Pond Pond pool Measurement
Temp. 26.04.2006 26 26.3 26.7 oC
pH 26.04.2006 6.7 5.8 7.5 pH scale
COND 26.04.2006 108.1 219 235 pumhos/cm
Turbidity 26.04.2006 10.6 26.7 320 JT.U
DO 26.04.2006 5.4 5.2 4.3 mg O,/L
PO, P 26.04.2006 0.089 0.09 0.08 mgP/L
NH4-N 26.04.2006 0.06 0.063 0.095 mgN/L
NO; N 26.04.2006 0.002 0.004 0.061 mgN/L
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233 MosQuITO IDENTIFICATION

The mosquito larvae were identified in the field as either anopheles or culicine larvae using the keys of Gillies and
DeMeillon [40]. The identified larvae were recorder by habitat type, hour of the day and day of sampling. The immature
mosquitoes were then put in plastic vessels containing water from their respective sampling sites. The contents of plastic
vessels were then closed in a cool box and transported to a nearby health center (Ratuoro Health Center) for indoor
breeding. The intension was to rear larvae to adult stage for mosquito identification to species level. However, some larvae
drowned during transportation due to long walking distance from the sites in swamp land. From the percentage larvae that
drowned, culicine larvae had higher rates of larval mortality (52%) compared to anophelines larvae (36%). Six mosquito cages
measuring 30 cm length by 30 cm width and 30 height were locally made for mosquito rearing. Three cages for anopheles
larvae each containing samples from one habitat for three habitats, while the other three were for culicines divided by the
number of habitats. During rearing the larvae were fed on particles of biscuits, as the development of immature mosquitoes
is known to benefit from sugary substances. Since the focus was on mosquito vectors of malaria parasite, only adult
anopheles mosquitoes were further identified to species level using the keys of Gillies and DeMeillon [40]. The adult
anopheles mosquitoes were identified morphologically with the aid of a light microscope at the center for insect physiology
and ecology (ICIPE), Mbita district. The mosquito body features considered in the identification exercise included veins of
wings, speckled legs and number of bands, as well as laterally projecting tufts of scale on the abdominal segments.

2.4 STATISTICAL ANALYSIS

Statistical analysis was done using SPSS for windows version 17.0. Descriptive measures of central tendency and spread
were analyzed in terms of means, range and standard deviation. Association of immature mosquitoes’ distribution and
abundance with the physico-chemical variables in breeding waters (habitats) was examined by bivariate factor analysis.
Mosquito larval species abundance (expressed as mean number of immatures/sample size) in different breeding habitat
types was examined for significant mean differences between habitats using Post-Hoc analysis of variance (One Way
ANOVA). The influence of water quality parameters such as temperature, dissolved oxygen, pH, turbidity and conductivity on
the occurrence and abundance of Anopheles larvae and Culine larvae was analyzed using Pearson correlation “r” test
(significance represented by p-value) for parametric variables. All numbers of sampling units per habitat, including those with
no larvae, were included in the pupation abundance analysis.

2.5 ETHICAL CONSIDERATION

This study did not involve the use of human subjects for experiments and, as such, we considered the dignity of people
involved at various stages of the study, as well as the integrity of the ecosystem to be of paramount importance in the
research context. In this regard, research clearance to conduct this study was obtained from the Ministry of Education,
Science and Technology - Kenya, prior to the commencement of field experiments. Research clearance No. MOEST
13/001/36C 37/2 was registered in the name of Nina Pius Mbuya.

3  RESULTS

A total of 1531 mosquito larvae were sampled from the three habitats (control pond, treated pond and swamp pools)
during field work. Of this number, 987 (64.5%) were from control pond, 418 (27.3%) from treated pond, while the swamp
pools had the least larvae samples of 126 (8.2%). Anopheles larvae accounted for 57.7% (884), while culicine larvae
accounted for 42.3% (647) of all mosquito larvae sampled from the beginning of April to the end of August 2006. Figure 1
shows distribution of adult mosquitoes against larvae population that was reared indoors, marked by respective habitat of
their origin. The results summarized in figure 1 show that only 570 (65%) adult mosquitoes emerged from all larvae reared in
cages indoor (877), indicating high larval mortality at 35%.

A good number of reared mosquito larvae, 360 (63.6%) out of 566 immature anopheles mosquitoes, survived to adult
stage, while 210 (67.5%) out of 311 culicine larvae survived to mature stage of mosquito development. Anopheles larvae
collected in clean water environment of control pond were more likely to survive to adult stage (70.02%) compared to
anopheles larvae from treatment pond (19.23%) and swamp pools (11.76) respectively. The trend was similar for culine
larvae, except for the treatment pond which showed high culicine larvae survival rates. For the culine mosquitoes, control
pond had the highest culicine larvae survival rate at (84.16%) followed by treatment pond (60.22%) and swamp pools (20%).
The probability that a sampled anopheles larvae would survive to adult stage was highest for larvae collected from control
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pond and lowest for larvae collected from the swamp pools. Thus, much as treatment pond contained some anopheles
larvae, the results show that their chance of survival was in fact very low.

Larvae and adult population

Mosquito abundance

Larvae Adult Larvae Adult

Anopheles Culicines
E control 497 348 120 101

m Treated 52 10 176 106
= Swamp 17 2 15 3

Fig. 1. Emergent adult mosquitoes from the larvae reared in cages indoor

Table 4 provides the details of physic-chemical conditions of mosquito breeding waters where anopheles and culicine
larvae were collected during the study. The table 4 also shows disparities of mosquito abundance between habitats, we
attribute to variations in Physico-chemical parameters tested in breeding waters that were positive for mosquito larvae. As
the results indicate, conditions in control pond, which had comparatively higher concentration of dissolved oxygen and lower
pH value, favored anopheles mosquitoes’ breeding. On the contrary, culicine larvae occurrence in the same control pond was
comparatively lower in abundance. Rather, higher abundance of culicine mosquitoes was recorded in cow-dung treated
pond, which had comparatively higher level of turbidity.

Overall, the swamp pools were least preferred by both groups of mosquitoes breeding in Yala swamp wetland. The
swamp pools which had the highest levels of tested water quality parameters such as Temperature, pH, conductivity and
turbidity also had the lowest larvae collection. Other than the water quality parameters, biotic factors (vegetation and
predators) might have played some role, by influencing habitat preference for breeding of gravid mosquitoes. However, the
population mean of potential predators of mosquito larvae was higher in treated pond compared to both control pond and
swamp pools. This means that non-biotic factors played significant role during the study period.

Table 4. Mean mosquito larval population by water quality parameters in each habitat
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Mosquito Habitats

Variables

Control pond

Treated pond

Swamp pools

n =40 n =40 n =40

Anopheles larvae 20.38 + 0.41 1.29+0.23 0.41+0.10
Culicine larvae 4.29+0.26 9.16 £ 0.32 2.74+£0.29
Temp (2C) 25.82 £ 0.59 25.93 £ 0.55 26.14 + 0.46
pH 6.1+0.18 6.27 £0.15 7.43+0.191
Dissolved Oxygen (D.O) 5.34+0.22 5.28+0.19 4.34+0.13
Turbidity 26.76 £ 0.34 178.63 + 1.45 320.75+ 1.69
Conductivity 190.50+2.18 73.11+£0.64 236.15+1.01

*The values are given as mean plus or minus the standard error of mean.

Further statistical analysis of physic-chemical parameters revealed that there were significant differences in water quality
between habitats during the study (p < 0.05), except for temperature. It was possible that the disparities in water quality
between habitats created conditions which were either favorable or unfavorable to individual species of mosquitoes
breeding in Yala swamp. Although the minimum and maximum ranges of selected physico-chemical characteristics of
mosquito habitats did not show major variations within habitat (p > 0.05), significant association between mosquito
abundance and specific physico-chemical parameters was detected (Table 5).

The results of Pearson correlation analysis show that anopheles larval density had strong and highly significant association
with Water quality parameters such as pH, dissolved oxygen and turbidity (Table 5). Among the water quality parameters
examined for mosquito breeding, only temperature was not an important factor explaining anopheles larval production in
the study area. In particular, Temperature did not have significant influence on the distribution and abundance of anopheles
larvae (r=-0.01, P>0.05). On the contrary, temperature was significantly associated with culine larval production in Yala
swamp wetlands. The other water quality parameters important for anopheles mosquitoes’ breeding (pH, Do, Turbidity and
Conductivity) were not significant factors for culicines, except water pH. Table 5 shows very positive strong association
between anopheles mosquito breeding and dissolved oxygen (r = 0.677, p < 0.001), and equality strong but negative
significant association with water turbidity (r = -0.854, p < 0.001).

Table 5. Association of mosquito larval population with each water quality parameter

Water Quality Parameters

Mosquito Larvae Temp pH D.O Turbidity Conductivity

Anopheles larvae Pearson correlation 0.010" -0.611** 0.677" 0.854 0.348"
Sig. 0.915 0.001 0.001 0.001 0.001
No. of Samples 40 40 40 40 40

Culicine larvae Pearson correlation ~ -0.371"  -0.256  0.163" 0.836 0.836
Sig. 0.001 0.005 0.076 0.578 0.540
No. of Samples 40 40 40 40 40

Total larvae Pearson correlation 0.45%* 0.762** 0.436.  0.436." 0.436."
Sig. 0.085 0.001 0.001 0.001 0.001
No. of Samples 40 40 40 40 40

* *Pearson correlation is significant at 0.01 (Two-Tail)

From the results of Pearson correlation analysis of the relationships between mosquito distribution and water quality
parameters, it became necessary to understand if there were significant mean differences of water quality parameters
between habitats. The results of Post-Hoc analysis of variance (ANOVA) of five physic-chemical parameters examined during
the study, indicating mean differences of water quality between habitat (control pond, treated pond and swamp pools) are
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presented in table 6. The results in table 6 show that there were significant mean differences of water quality parameters
between mosquito larvae habitats for the three sites (p < 0.05). Significant variations noted on mosquito distribution among
the three habitats are reflected in the differences observed on water quality parameters tested during the study. Water
quality results indicate that all parameters measured had significant variability of mean values between habitats (p < 0.05).
Therefore, variation of mean water quality parameters between immature mosquito habitats is likely influencing anopheles
mosquito breeding in control pond, treatment pond ans swamp pools.

Table 6. Mean differences of water quality parameters between mosquito lavae habitats

Mean Difference of Water Quality Parameters

Variables Habitat (1) Habitat (J) Mean Diff (I-J) S.E P -value
n =40 n =40

Temperature Control pond Treated pond -0.35 0.14 p =0.012
Swamp pools 0.3 0.14 p =0.030

Treated pond Swamp pools 0.65 0.15 p =0.001

pH Control pond Treated pond -0.26 0.03 p =0.001
Swamp pools -1.38 0.03 p =0.001

Treated pond Swamp pools 1.12 0.03 p <0.001

Dissolved Oxygen  Control pond Treated pond 0.31 0.04 p <0.001
Swamp pools 1.12 0.04 p <0.001

Treated pond Swamp pools 0.81 0.04 p<0.01

Turbidity Control pond Treated pond -151.3 0.29 p <0.001
Swamp pools -294 0.29 p <0.001

Treated pond Swamp pools 142 0.29 p <0.001

Conductivity Control pond Treated pond 58.09 22.82 p =0.012
Swamp pools 107.09 22.82 p <0.001

Treated pond Swamp pools 49 22.82 p =0.034

*The Mean difference is significant at the 0.05 level. Values are given to the nearest decimal where mean difference is significant at P < 0.05
based on LDC Pos-Hoc analysis of variance (ANOVA).

The results of initial water quality analysis suggest that there was little evidence of organic pollution with cow-dung in
treatment pond. These results are presented in table 3, showing relatively low levels of ammonia (0.063 mgN/L), nitrate
(0.004 mgN/L ) and phosphate (0.09 mgP/L) in both control and treatment ponds compared to swamp pools. The results
achieved with appropriate volume of cow-dung filtrate added into the pond water marked ‘treatment pond’ is evidenced by
anopheles mosquitoes’ less preference of treatment pond water.

Table 7 summarizes the mean differences of mosquito densities between habitats in the study area. Overall, there was
high significant mean difference of mosquito density between control pond and treated pond (p < 0.001), control pond and
swamp pools(p < 0.001), and between treatment pond and swamp pools (p < 0.05). A highly significant mean difference of
mosquito abundance between control pond and treatment pond shows that treatment with cow-dung had significant
influence on mosquito breeding during the study period.

Similarly, the significant mean difference of larvae abundance between treatment pond and swap pools indicates that
water pools in undisturbed wetland are not preferred anopheles breeding grounds. This is likely so, because both control and
experimental (treatment) ponds were located in the drained part of Yala swamp, whereas swamp pools were identified
within the undisturbed parts of the wetland.

Table 7. Mean mosquito population differences by habitat type

Mean Difference between Habitats

Dependent Variables Habitat (1) Habitat (J) Mean Diff (I-J) S.E P -value
n =40 n =40
Anopheles larvae Control pond  Treated pond 18.85 0.82 p <0.01
Swamp pools 21.4 0.81 p<0.01
0
Treated pond Swamp pools 0.91 .83 p >0.05

ISSN : 2028-9324 Vol. 5 No. 1, Jan. 2014 37



Assessment of Anopheles Larval Source Reduction Using Cow Dung: Environmental Perspective on Pro-poor Tool for
Malaria Vector Control

Culicine larvae Control pond Treated pond -6.14 0.53 p<0.001
Swamp pools -0.26 0.52 p>0.05
Treated pond Swamp pools 8.48 0.53 p <0.01

*The Mean difference is significant at the 0.05 level. Values are given to the nearest decimal where mean difference is significant at P <
0.05 based on LDC Pos-Hoc analysis of variance (ANOVA).

4 DISCUSSION

The findings of this study show that of all mosquitoes breeding in Yala swamp wetlands, in western Kenya, Anopheles
species were the most abundant mosquitoes. Other mosquito species of culicine origin only occurred in very small numbers
in the three habitat categories investigated during the study. In particular, Anopheles gambiae complex was the most
dominant malaria vector followed by Anopheles funestus. The two groups of anopheline species of mosquito are known
vectors of malaria in the Afro-tropical regions [41]. In Kenya, the pathogen causing malaria, Plasmodium fulciparum is most
often transmitted by Anopheles gambiae, with Anopheles funestus as another major vector [42], [43], [44]. Thus, significantly
higher abundance of these species of mosquitoes present a real risk of malaria transmission in the study area.

Of all mosquito larval habitats, control pond was the most productive for mosquitoes breeding in Yala swamp. Anopheles
species of mosquitoes made the most use of control pond compared to other mosquito species. Second habitat with high
mosquito abundance was the treatment pond, while the swamp pools had the least number of mosquitoes sampled during
the study period. On the other hand, the results of biophysical conditions observed during the study show that vegetation
was present in all the three habitats. Both vegetation and predators were recorded in each of the three habitats investigated
for mosquito larvae during the study period. Summary of bio-physical factors (Table 2) indicate that slight variability exists
between habitats, but the variability observed on vegetation and predators were fairly narrow and not statistically significant
between habitats. Earlier study [45] implicates biotic factors such as vegetation types and proportion of coverage as better
predictors of larval abundance than the physicochemical factors. Subsequent studies also linked the abundance of a number
of mosquito specie to the presence of specific plants [46]. For instance, the observations made in previous studies revealed
that dense mono-specific stands of Typha (cattail) with an accumulation of submerged dead stems and isolated pockets of
water are suitable for mosquito breeding [47].

Although several studies have applauded significance of vegetation in mosquito habitats, including acting as larvae hide
outs from predators as well as providing food materials, this study does not confirm such direct linkages. Vegetation might
also create stagnant conditions by decreasing water movement, especially for the streambed breeding mosquitoes. Instead,
the results of biophysical factors suggest that it was not likely that vegetation cover and predator abundance were
significantly influencing mosquito larvae distribution between habitats.

On the contrary, water quality parameters varied significantly between habitats, as did dissolved oxygen (DO), pH,
Turbidity and electrical conductivity (EC). There could be no doubt that the range and relative abundance of Anopheles
species and culicine larvae are influenced differentially by ecological parameters. In this study we found no evidence that
biophysical factors bear significant influence on anopheles larvae distribution in mosquito habitats investigated. Similarly,
much as the effect of water quality and external factors on both the vectors and parasites of malaria are established facts,
some previous studies on the ecology of malaria transmission yielded different results. As to which ecological factors are
most responsible for the distribution and abundance of Anopheles species, significant variability between physic-chemical
parameters have been observed. In this study, for instance, temperature had no significant influence on the distribution and
abundance of mosquito species found in Yala swamp.

However, unlike other water quality parameters, the effect of temperature on mosquito larval development has been
applauded in many studies investigating the links between water quality and mosquito species distribution and abundance
[48] . In Yala swamp the mean temperature was 26 degrees centigrade during the study period. Other studies found that the
optimum temperature for mosquito development is between 25 and 27 degrees centigrade [49], and the maximum
temperature range for both vectors and parasites of malaria is 40 degrees centigrade. Thus it can be argued that since the
mean temperature range in both wet and dry season were close to the physiological tolerance limit of malaria vectors.
Accordingly, slight temperature differences among the habitat types did not therefore produce any statistically significant
association with the mosquito population density in Yala swamp.

There are several published studies linking water quality parameters and mosquito abundance: In India [50], Senegal [51],
Kenya [52], and in Accra, Ghana [53]. All bring out the importance of water quality parameters for Anopheles species

ISSN : 2028-9324 Vol. 5 No. 1, Jan. 2014 38



Nina Pius Mbuya, Eliezer Kateyo, and Florence Lunyolo

breeding. Dissolved oxygen of water quality measurements showed positive and significant correlation with the distribution
and abundance of mosquito vectors of malaria in Yala swamp.

Although the study findings applaud the influence physic-chemical factors have on mosquito breeding, literature on larval
habitat generally demonstrate that Anopheles species exploit specific habitat types, with very different biological, chemical
and physical characteristics. In Yala swamp, our study shows a similar trend as the abundance was greater in the control
pond habitat where the conditions were optimum for anopheles larval development. However, there is scanty and
inconclusive information on different water quality ranges for Anopheles gambiae and Anopheles funestus from other areas
of their geographical occurrences. Thus, from the results of field experiments we observed that, of all the habitats
investigated for mosquito larvae, control pond presented the most suitable habitat for Anopheles mosquito breeding in Yala
swamp.

The treatment of pond water with cow-dung resulted in slightly acidic water with fairly clear and moderate nutrients
content. These conditions are assumed to have persisted throughout the study and had the potential to influence mosquito
distribution and abundance in the pond. The treatment pond was the most preferred by gravid culicine mosquitoes for their
breeding compared to the other two habitats. During the study, the quantity of cow-dung material used (Table 1) resulted in
significant reduction of mosquito breeding in treatment pond in general. The findings show that cow-dung polluted water
was not favoured by gravid anopheles mosquitoes for breeding, yet anopheles species were the most productive group of
mosquitoes in Yala swamp. The cow-dung treatment dosage ensured that material applied on experimental pond was within
the range that can support diversity of important aquatic biota. While very low levels of nutrients in a local environment may
affect the population and vigor of the organisms present, excess nutrients may impact negatively on desirable aquatic
populations while increasing the production and growth of vector organisms. It has been established that mosquito larvae
filter-feed on algae, particulate organic matter and bacteria suspended in the water [54]. In fact, previous studies showed
that development of algae, and the growth efficiency of bacteria (critical components of the mosquito larvae diet) is
dependent respectively on the availability of nitrates and phosphorus in the lakes [55]. Indeed past studies [56] give
concentration between 0.1 and 4 mg NO; N L™ for lakes and other natural water bodies, with most unpolluted waters having
less than 1.0 mg/L mg NO; N L™". Accordingly, the level of nitrate and phosphorus in the cow dung treated water pools was
within the limits of less than 1.0 mg/L mg NO; N L™

Furthermore, the dissolved oxygen and turbidity showed positive and significant correlation with the distribution and
abundance of mosquito vectors of malaria in Yala swamp during the study. Indeed, to be more precise, the mean value of
dissolved oxygen in the treated pond was 5.23 mg/l during the study period; hence, it was a good fit for biodiversity of
aquatic fauna and flora. According to APHA [57], the dissolved oxygen concentration above 5.0 mg/l is suitable for the
support of diverse biota. Thus, while the level of pollution with dissolved cow dung was within environmentally acceptable
limits, it significantly diminished the chances of mosquito breeding in standing water pools in the farmed parts of the swamp.

This study recognized the fact that an important gap exists in the entomological information regarding potential long
term impact of cow dung on targeted species of Anopheles mosquitoes. However, we are also aware that development of
resistance strain of vectors, if at all, is not likely to occur over night due to cow dung use. What is more, besides being cheap
and readily available, cow dung is a more biodegradable compound for the environment. Accordingly, this study adds a voice
to the existing views that sustainable malaria control program needs to strategically address a complex range of
environmental and social determinants in a cost-effective manner.

The focus of this study was to emphasize the fact that effective control of a disease of public health concern requires
mobilization of all segments of the society. Previous studies suggest that active and informed participation of the intended
beneficiaries is paramount for effective vector control [58], [59]. Environmental manipulation is among the practices that
have been tried in an attempt to inhibit breeding of mosquitoes of public health concerns. Accordingly, effective suppression
of the population of malaria vectors requires active participation of the vulnerable communities. For instance, there is a need
to eliminate virtually all breeding sites within 2 to 3 kilometers of a settlement, which is advisable because adult mosquitoes
can fly long distances [60].

5 CONCLUSION

The results of this study show that Anopheles species were the most abundant group of mosquitoes breeding in Yala
swamp, followed by culicines which occurred in significantly low densities. Control pond was the most productive for
mosquitoes breeding in disturbed part of Yala swamp wetland, with anopheles species making the most use of it. Of all the
anopheles mosquitoes sampled during the study, Anopheles gambiae complex was the most important species found almost
exclusively in control pond which had the lowest turbidity and pH levels. Except for the variability of water quality
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parameters between habitats, there was no significant differences in mean frequency of other habitat conditions such as
biotic factors. What is more, much as culicine larvae occurred in all the three habitats, overall their population was very low.
A fairly higher abundance of culicine mosquitoes was recorded only in the treated pond compared to other habitats. This
suggests that use of cow-dung might create suitable habitats for mosquitoes of culicine origin, thereby increasing local biting
nuisance. However, a significant reduction in anopheles population has the potential to benefit public health consideration
for advancing human wellness in order to achieve sustainable development.

These results may be useful in the mosquito larval habitat management for malaria control, which emphasizes pro-active
involvement of local communities. As explained in the introduction section, managing larval habitats for malaria vectors’
population reduction may facilitate significant decline in malaria prevalence in western Kenya. This is important, especially in
the regions of Africa where evidence portrays malaria prevalence in a declining trend. Adopting a strategy which allows the
local communities to participate in larval source reduction from the forefront of intervention has the potential to achieve a
wider coverage. Ultimately any significant reduction of anopheles mosquitoes’ population in expansive rural settings bears
the potential to minimize risk of contact with mosquito vectors of malaria pathogen. In the end, reduced human-mosquito
contacts would significantly result in low mosquito biting rates and eventually bring down infection with malaria causing
parasites.

ACKNOWLEDGMENT

The authors wish to thank the community members of Boro Division for their mutual support during the study. We
authors extend our appreciation to the administration of Ratuoro Health Center and the management of Dominion Farms
Limited for logistical arrangements that made the study a success. A sincere thank you to Dr. Mukabana Richard of the School
of Biological Sciences, University of Nairobi, for guidance and facilitation of identification of malaria vectors at International
Center for Insect Physiology and Ecology (ICIPE). The research activities which preceded this paper received financial support
from Society of Jesus (SJ-EAP), and authors gladly return their appreciation and gratitude.

REFERENCES

[1] H.Townson, M.B. Nathan, M. Zaim, P. Guillet, L. Manga, R. Bos, and M. Kindhauser, “Exploiting the potential of vector
control for disease prevention”, Bulletin of World Health Organization, Vol. 83, no. 12, pp. 942-947, 2005.

[2] H. van den Berg, and B.G. Knols, “The Farmer Field School: a method for enhancing the role of rural communities in
malaria control”? Malaria Journal, Vol. 5, no. 1, pp 2-3, 2006.

[3] S. Lindsay, J. Ansell, C. Selman, V. Cox, K. Hamilton, and G. Walraven, “Effect of pregnancy on exposure to malaria
mosquitoes’, The Lancet, Vol.335, pp. 1971-1972, 2000.

[4] O. Oladimej, G.0. Tona, F.O. Oshiname and M.A. Titiloye, “Malaria knowledge and agricultural practices that promote
mosquito breeding in two rural farming communities in Oyo State, Nigeria”, Malaria journal, Vol. 9, pp. 90-91, 2010.

[5] V. Robert, K. Macintyre, J. Keating, J.F. Trape, J.B. Duchemin, M. Warren et al., “Malaria transmission in urban sub-
Saharan Africa”, American journal of tropical medicine and hygiene, Vol. 68, pp. 169 -176, 2003.

[6] S.lI Hay, C.A. Guerra, A.J. Tatem, P.M. Atkinson and R.W. Snow, “Urbanization, malaria transmission and disease burden
in Africa”, National review of microbiology, Vol. 3, pp. 81-90, 2005.

[7] ). Sachs and P. Malaney, “The economic and social burden of malaria”, Nature, Vol. 415, pp. 680-685, 2002.

[8] P. Mocumbi, “Plague of my people”, Nature, Vol. 430, pp. 924-925, 2004.

[9] U. Kitron and A. Spielmen, “Suppression of transmission of malaria through source reduction: anti-Anopheline
measured applied in Israel, United States, and Italy”, Review of Infectious Diseases, Vol. 11, pp. 391-406, 1989.

[10] G.F. Killeen, B. Knols, U. Fillinger, J. Beier and L. Gouagana, “Interdisciplinary malaria vector research and training for
Africa”, Trends Parasitology, Vol. 18, pp. 433-434, 2002.

[11] R. Gadawski, “Mosquito surveillance and control in Winnipeg”, Insect Control Branch, Parks & Recreation Department in
Winnipeg, Annual Report, pp. 83-102, 1989.

[12] D.B. Carlson, “Source reduction in Florida’s salt marshes: Management to reduce pesticide use and enhance the
resource”, Journal of American Mosquito Control Association, Vol. 22, pp. 534-537, 2006.

[13] W. Takken, W.B. Snellen, J.P. Verhave, B.G. Knols, and S. Atmosoedjono, “Environmental measures for malaria control in
Indonesia-an historical review on species sanitation”, Wageningen Agricultural University papers, Wageningen,
Netherlands, pp. 46-61, 1990.

[14] Y. Afrane, F. Klinkenberg, P. Drechsel, K. Owusu-Daaku, R. Garms, T. Kruppa, “Does irrigated urban agriculture influence
the transmission of malaria in the city of Kumasi, Ghana?,” Acta Tropical, Vol. 89, pp. 125-134, 2004.

ISSN : 2028-9324 Vol. 5 No. 1, Jan. 2014 40



Nina Pius Mbuya, Eliezer Kateyo, and Florence Lunyolo

[15] M. Sattler, D. Mtasiwa, M. Kiama, Z. Premji, M. Tanner, G. Killeen, C. Lengeler, “Habitat characterization and spatial
distribution of Anopheles sp. mosquito larvae in Dar es Salaam (Tanzania) during an extended dry period”, Malaria
Journal, vol. 4, pp. 3-4, 2005.

[16] T. Awolola, A. Oduola, J. Obansa, N. Chukwurar and J. Unyimadu, “Anopheles gambiae s.s. breeding in polluted water
bodies in urban Lagos, southwestern Nigeria”, Journal of Vector Borne Diseases, Vol. 44, pp. 241-244, 2007.

[17] N. Minakawa, S. Munga, F. Atieli, E. Mushinzimana, G. Zhou, A.K. Githeko and G. Yan, “Spatial distribution of anopheline
larval habitats in Western Kenyan highlands: effects of land cover types and topography”, American Journal of Tropical
Medicine and Hygiene, Vol. 73, pp. 157-65, 2005.

[18] W. O’Meara, J. Mangeni, R. Steketee and B. Greenwood, “Changes in the burden of malaria in sub-Saharan Africa,”
Lancet Infectious Diseases, Vol. 10, pp. 505-576, 2010.

[19] U. Fillinger and S.W. Lindsay, “Larval source management for malaria control in Africa: myths and reality”, Malaria
Journal, Vol. 10, pp. 352-353, 2011.

[20] U. Fillinger, G. Sonye, G.F. Killeen, B.G. Knols and N. Becker, “The practical importance of permanent and
semipermanent habitats for controlling aquatic stages of Anopheles gambiae sensu lato mosquitoes: operational
observations from a rural town in western Kenya”, Trop Med Int Health, Vol. 9, no. 12, pp. 1274-1289, 2004.

[21] J.A. Najera and M. Zaim, “Malaria Vector Control - Decision Making Criteria and Procedures for Judicious Use of
Insecticides,” World Health Organisation Pesticide Evaluation Scheme, WHO-PES, 2002.

[22] J. Beier, J. Keating, J. Githure, M. Macdonald, D. Impoinvil and R. Novak, “Integrated vector management for malaria
control”, Malaria Journal, Vol. 7(Suppl 1), S4, 2004.

[23] P.K Mittal, “Biolarvicides in vector control: challenges and prospects”, Journal of vector borne diseases, Vol. 40, pp. 20-
32, 2003.

[24] K. Gunasekaran, S.P. Boopathi Doss and K. Vaidyanathan, “Laboratory and field evaluation of Teknar HP-D, a
biolarvicidal formulation of Bacillus thuringiensis ssp, israelensis, against mosquito larvae”, Acta Tropical, Vol. 92, pp.
109-118, 2004.

[25] C.F. Curtis, and J.D Lines, “Should DDT be banned by an International treaty?,” Parasitology today, Vol. 16, pp. 119-121,
2000.

[26] U. Fillinger and S.W. Lindsay, “Suppression of exposure to malaria vectors by an order of magnitude using microbial
larvicides in rural Kenya”, Tropical Medicine and Integrated Health, Vol. 11, pp. 1629-1642, 2006.

[27] U. Fillinger, B. Ndenga, A. Githeko and S.W. Lindsay, “Integrated malaria vector control with microbial larvicides and
insecticide-treated nets in western Kenya: a controlled trial”, Bulletin of World Health Organ, Vol. 87, pp. 655-665, 2009.

[28] S. Majambere, M. Pinder, U. Fillinger, D. Ameh, D.J. Conway, C. Green, D. Jeffries, M. Jawara, P.J. Milligan, R. Hutchinson
and S.W. Lindsay, “Is mosquito larval source management appropriate for reducing malaria in areas of extensive flood in
The Gambia? A cross-over intervention trial”, American Journal of Tropical Medicine and Hygiene, Vol. 82, pp. 176-184,
2010.

[29] R. Carter, K. Mendis and D. Roberts, “Spatial targeting of interventions against malaria”, Bulletin of World Health Organ,
Vol. 78, pp. 1041-1411, 2000.

[30] D. Smith D, F.E. McKenzie, R.W. Snow and S. Hay, “Revisiting the basic reproductive number for malaria and its
implications for malaria control”, PLoS Biol, 5: e42, 2007.

[31] F.M. Mutuku, M.N. Bayoh, J.E..I Gimnig, J.M. Vulule, L. Kamau, E.D. Walker, E. Kabiru and W.A. Hawley, “Pupal habitat
productivity of Anopheles gambiae complex mosquitoes in a rural village in Western Kenya”, American Journal of
Tropical Medicine and Hygiene, Vol. 74, pp. 54-61, 2006.

[32] S. Majambere, U. Fillinger, D. Sayer, C. Green and S.W. Lindsay, “Spatial distribution of mosquito larvae and the
potential for targeted larval control in The Gambia”, American Journal of Tropical Medicine and Hygiene, Vol. 79, pp. 19-
27, 2008.

[33] U. Fillinger and S.W. Lindsay, “Larval source mamagement for malaria control in Africa: myths and reality”, Malaria
journal, Vol. 10, pp. 352-353, 2011.

[34] S. Karch, Z.A. Manzambi and J.J. Salaun, “Field trials with Vectolex™ (Bacillus sphaericus) and Vectobac™ (Bacillus
thuringiensis H-14) against Anopheles gambiae and Culex quinquefasciatus breeding in Zaire”, Journal of America
Mosquito Control Association, Vol. 7, pp. 176-179, 1991.

[35] S.K. Garg and A. Bhatnagar, Effect of different doses of organic fertilizer (cow dung) on pond productivity and fish
biomass in still water ponds, Department of zoology, CCS Haryana agricultural university, Hisar, India, 1999.

[36] M. Claudia and M. O’Malley, “Guidelines for larval surveillance”, Proc. 76" Meeting. Mosquito Control Association, New
Jersey, pp. 46-55, 1989.

[37] M.M. Service, Mosquito Ecology: field sampling methods, 2" ed. London and New York: Elsevier Applied Science, pp.
501-534, 1993.

ISSN : 2028-9324 Vol. 5 No. 1, Jan. 2014 41



Assessment of Anopheles Larval Source Reduction Using Cow Dung: Environmental Perspective on Pro-poor Tool for
Malaria Vector Control

(38]
(39]
(40]
[41]

(42]

(43]
(44]
(45]
(46]

[47]
(48]

(49]

[50]
[51]
[52]
[53]
[54]

(55]

(56]
(57]
(58]
(59]

(60]

W.K. Reison, T.F. Siddiqui, M. Aslamkhan and G.J. Malik, “Larval interspecific associations and physico-chemical
relationships of the ground-water breeding mosquitoes of Lahore”, Pak. J. Sci. Res. Vol. 3, pp. 1-23, 1981.

C.E. Renn, Investigating Water Problems: A Water Analysis Manual. Educational Products Division, La Motte Chemical
Products Company, Chestertown MD, pp. 72, 1970.

M.T. Gillies and B. De Meillon, ‘The Anopheline of Africa South of the Sahara (Ethiopian zoogeographical region), The
South African Institute for Medical Research, Johannesburg, pp. 9-12, 1968.

C.E. Taylor, Y.T. Toure, M. Coluzzi and Petrarca, “Effective population size and persistence of Anopheles arabiensis
during the dry season in west Africa”, Medicine Veterinary Entomology, Vol. 7, pp. 351-357, 1993.

B.M Khaemba, A. Mutani and M.K Bett, “Studies of Anopheline mosquitoes transmitting malaria in a newly developed
highland urban area: a case study of Moi University and its environs”, East African medical journal, Vol. 59, pp. 161-71,
1994.

A.K Githeko, M.W. Service, C.M. Nbongo and F.K. Atieli, “Resting behaviour, ecology and genetics of malaria vectors in
large scale agricultural areas of Western Kenya”, Parassitogia, vol. 38, pp. 481-489, 1996.

T. Lehmann, W.A. Hawley, H. Grebert and F.H. Collins, “The effective population size of Anopheles gambiae in Kenya:
implications for population structure”, Biological evolution, Vol. 15, pp. 264-276, 1998.

W.E. Walton, E.T. Schreiber and M.S Mulla, “Distribution of Culex tarsalis Larvae in a Freshwater Marsh in Orange
County, California”, Journal of American Mosquito Control Association, Vol. 6, pp. 539-543, 1990.

M.S. Fritsch, Management of agricultural drainage water quality: Health issues related to drainage water management,
FAOQ, 1997. [Online] Available: http://www.fao.org/docrep/W7224E/w7224e0b.htm (January 14, 2012)

B. Greenwood, K. Bojang, C. Whittyb and G Targett, “Ma-laria”, The Lancet, Vol. 65, no. 9469, pp. 1487-1498, 2005

S.W. Lindsay and W.J.M. Martens, “Malaria in the African highlands: past, present, and future”, Bulletin of World Health
Organization, Vol. 76, pp. 33-45, 1998.

A.J. McMichael, A. Hames, R. Scooff and S. Cavats (eds.), Climate change and human health: An assessment prepared by
a task group on behalf of the World Health Organization, the World Meteorological Organization and the United
Nations Environment Programme, Geneva, Switzerland, 1996.

R. Pal, “On the bionomics of Anopheles culicifacies Giles, Pt Il: the ecology of the immature stages”, Journal of Malaria
Institute India, Vol. 6, pp. 53—74, 1945.

V. Robert, G. Le Goff, J.C. Toto, L. Mulder, E. Fondjo, L. Manga and P. Carnevale, “Anthropophilic Mosquitoes and
malaria transmission at Edea Cameroom”, Tropical Medicine and Parasitology, Vol. 44, no 1, pp. 14-18, 1993.

J. E. Gimnig, M. Ombok, L. Kamau and W. A. Havlett, “Characteristics of Larval Anopheline (Diptera culicidae) Habitat in
Western Kenya”, Journal of Medical Entomology, Vol. 38, pp. 282-288, 2000.

W. A. Chinery, “Effects of ecological changes on the malaria vectors Anopheles funestus and Anopheles gambiae
complex of mosquitoes in Accra, Ghana”, Journal of Tropical Medicine and Hygiene, Vol. 87, pp. 75-81, 1984.

R. W. Merritt, R. H. Dadd and E. D. Walker, “Feeding behavior, natural food, and nutritional relationships of larval
mosquitoes”, Annal Review of Entomology, Vol. 37, pp. 349-376, 1992.

J. E. Gimnig, M. Ombok, S. Otieno, M. G. Kaufman, J. M. Value and E. D. Walker, “Density-dependent development of
Anopheles gambiae (Diptera: culicidae) larvae in artificial habitats”, Journal of Medical Entomology, Vol. 39, no. 1, pp.
162-172, 2002.

R. Johnson, S. Holman and D. Holmquist, Water Quality with Computers, First Edition. Beaverton: Vernier Software and
Technology, pp. 65, 1999.

APHA, Standard Methods for the Examination of Water and Waste Water, Including Bottom Sediments and Sludge, 14"
ed., American Public Health Association, New York, 1976.

C. Gabriel, “An ecosystem approach to malaria control in an urban setting”, Cad Saudo Publica, Vol. 17, pp. 171-179,
2001.

R. Willian, B. Sonia and I. G. Hector, “An integrated malaria control program with community participation on the Pacific
Coast of Colombia”, Cad Saudo Publica, Reo de Jeneiro, Vol. 17, pp. 103-113, 2001.

The World Health Organization (WHQO), Manual on environmental management for mosquito control with special
emphasis on malaria vectors, WHO Offset Publication, Geneva, no. 66, 1982.

ISSN : 2028-9324 Vol. 5 No. 1, Jan. 2014 42



