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Multiparameter Display System (YSI Environmental, YSI Incorporated, Yellow Springs,
USA). Salinity and Total Dissolved solids (TDS) were measured using field hand held

equipment YSI EC 300 (YSI Environmental, YSI Incorporated, Yellow Springs, USA).

7.3.2 Larval sampling and larval identification

Larval sampling was done once weekly to generate stage-specific estimates of Anopheles
and culicine larval densities, invertebrate abundance and diversity. Samples were taken
using standard dipping techniques and a plastic dipper (Mosquito Control Service and
Supplies, USA) with a wooden ladle was used. Twenty dips were taken from each sub-

plot.

The mosquito larvae collected were sorted out according to the sub-families as either
anopheline or culicine. The anopheline larvae were grouped according to the instar stage
and identified morphologically (Gillies and Coetzcee, 1987). The pupae were maintained
in the insectary in cages to develop into adults. The emergent adult mosquitoes were

identified by morphological criteria.

7.3.3 Data Management

Statistical analyses were done using SPSS software (Version 11.5 for windows, SPSS
Inc., Chicago, IL). Simple descriptive statistics was used to tabulate the larval densities
and abundance from the experimental plots. Pearson correlation was used to determine
the association between mosquito larvae and the different physicochemical variables
measured in the plots during the larval sampling. The relative abundance of Anopheles
gambiae was calculated as the number of mosquito larvae divided by the number of dips
taken from each larval habitat. The dependent variable (relative abundance of a species)

was transformed using the log transformation method {Log (x+1)}.
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7.4 Results
A total of 21,325 Anopheles larvae were collected of which 91.93% (n = 19,604) were
early instars and 8.07% (n = 1,721) were late instars. For culicines larvae, a total of
19,926 were collected of which 87.33% (n = 17,401) were early instars and 12.67% (n =
2,525) were late stage instars. A total of 513 pupae were collected. Table 7.1 shows the
larval composition for each subfamily of mosquitoes based on each rice growth cycle.
From table 7.1, most of the larvae were collected between land preparation and tillering
stage. Between flowering and rice maturation, there is a decline of mosquito larvae from
the plots. When the rice is harvested, there is an increase in larval abundance in the rice

plots.

Figure 4a and 4b shows the weekly anopheline larval fluctuation from February 2004 to
March 2005. This figure shows that there is sigmoid increase of anopheline larval
densities between transplanting and tillering. When the rice gets into the reproductive
stage (Flowering stage), the larval densities decline and this trend continues until the rice
is harvested. After harvesting (ratoon), there is a small increase in larval densities, which
follows; the larval increase goes on throughout land preparation. Figure 4b further shows
that An. gambiae larvae are predominant throughout the rice growing cycle while An.

pharoensis is only found during the tillering stage.

Table 7.2a shows the morphological identification of late stage instars of both Anopheles
and culicine mosquitoes. Morphological identification of Anopheles larvae yielded
84.09% (n = 1,274) An. gambiae s.1., 13.47% (n = 204) An. pharoensis, 1.32% (n = 20)
An. rivulorum, 0.79% An. funestus, 0.26% An. coustani and 0.07% (n = 1) An.
maculipalpis. A total of 891 late stage larvae were identified of which 65.66% (n = 585)
were C. quinquefasciatus, 9.88% (n = 88) C. annulioris, 7.30% C. poicilipes, 7.18% (n =
64) C. tigripes, 0.56% (n=15) C. duttoni, 5.27% (n = 47) Ae. Aegypti, 3.48% (n=31), Ae.
Cumminsii, and 0.67% (n = 6) Ae. Vittatus.
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Table 7.2b shows the morphological identification of emergent mosquitoes from the
pupae. Most of the emergent mosquitoes were identified as An. gambiae s.1. (57.97%, n =

80), C. quinquefasciatus accounted for 23.91% (n = 33).

The physicochemical variables and mosquito larval developmental stages where analyzed
using Pearson correlation to test for associations of the variables (Table 7.3). Of the 171
correlation coefficients, 71 (41.52%) were statistically significant indicating that there
was non-random association between some of the variables tested. For example, rice
height was negatively associated with both early and late stage Anopheles larvae. Early
stage Anopheles was strongly associated with late stage Anopheles. There was a strong
positive association between anopheline larvae and culicine larvae in both the early and
late instar stages. Early instars of culicine mosquitoes were associated with turbidity of
water. Rice stage was strongly associated with rice height. Turbidity was negatively
associated with rice stage and rice height. Two associations could not be computed

because at least one of the variables is constant.
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Table 7.1 The larval abundance from the experimental plots in the 3 cycles of rice

growing

Early Instars

Late Instars  Early Instars Late Instars

Rice planting cycle  Rice Stage Anopheles Anopheles Culicines Culicines Pupae
Cycle 1 Transplanting 5 2 1 0 0
Tillering 46 38 15 29 12
Flowering 86 38 81 129 15
Maturation 21 6 42 21 14
Harvesting/Ratoon 290 35 3,770 718 31
Cycle 2 Land preparation 726 85 2,476 650 47
Transplanting 50 6 16 2 3
Tillering 3,405 678 263 85 199
Flowering 1,133 132 118 13 13
Maturation 187 35 468 75 9
Harvesting/Ratoon 761 0 1,913 159 0
Cycle 3 Land preparation 1,828 14 1,845 164 25
Transplanting 7,026 135 1,030 12 8
Tillering 299 49 210 30 3
Total Land preparation 2,554 99 4,321 814 72
Transplanting 7,081 143 1,047 14 11
Tillering 3,750 765 488 144 214
Flowering 1,219 170 199 142 28
Maturation 208 41 510 96 23
Harvesting/Ratoon 1,051 35 5,683 877 31
Grand Total 15,863 1,253 12,248 2,087 379
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Table 7.2a Shows the morphological identification of late stage instars of Anopheles

and culicines mosquito larvae

Genera Species Sum Percentage
Anopheles An. gambiae s.1. 1,274 84.09
An. funestus 12 0.79
An. pharoensis 204 13.47
An.rivulorum 20 1.32
An.maculipalpis 1 0.07
A. coustani 4 0.26
Total 1,515 100.00
Culicines C. quinquefasciatus 585 65.66
C. Poicilipes 65 7.30
C. annulioris 88 9.88
C. tigripes 64 7.18
C. duttoni 5 0.56
Aedes Ae. aegypti 47 527
Ae. cumminsi 31 3.48
Ae. vittatus 6 0.67
Total 891 100

Table 7.2b The identification of emergent mosquitoes from pupae.

Genera Mosquito species Female Male Total
Anopheles An. gambiae 76 4 80
An. coustani 0 4 4
An. rufipes 2 0 2
Culex C. quinquefasciatus 28 5 33
C. poicilipes 1 0 1
Aedes Ae. taylori 4 0 4
Ae. circumluteolus 4 10 14
Total Total 115 23 138
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Table 7.3 Pearson Correlations between mosquito larvae and other physicochemical variable measured at the experimental plots.

Rice Rice Depth Other Anophel Temp Cond Salinity ome.a: DO Conc DO
height stage #tillers (cm) Turb inverts es Culicine  #pupae (°C) (mS/cm) (ppt) (%) (mg/L) Charge pH
Rice stage 0.902**
#tillers 0.243 0.281
Depth (cm) 0.188* 0.009 -0.468*
Turb [0.445%%  -0.352%*  0.106 0.050
Other inverts -0.146 -0.113 (a) -0.140* -0.058
Anopheles -0.214* -0.013 0.111 0.033 0.183**  0.060
Culicine 0.036 0.097 0.016 -0.002 0.125% 0.041  0.594%*
# pupae -0.094 0.027 (2) 0.077 0.042 0.028  0.545%*  0.259**
Temp (°C) 0.071 0.129 -0.189  -0.175%* 0.077 0.105  0.198**  0.164**  0.028
Nmmm_mv -0.305**  -0.106 0.076  -0.263**  -0.098  0.133* 0217** 0081  0.161**  0275**
Salinity (ppt) -0.303%*  -0.154* 0.094  -0.242**  -0.090 0.104  0.176%*  0.045 0.146*  0.177**  0.962%*
D.oxygen (%)  .0.380** -0257%*  -0224  -0.145* 0.060 0.033  0.147*  -0.033 0.100 0.148* 0.115 0.113
Do Conc (mg/L) 0,119 -0.146* -0.208 0.065 0.110 -0.063  -0.083 -0.103 -0.035  -0.198*  -0.593**  -0.530** 0.673**
DO Charge 20.673%  -0472%*  -0.108  -0.175%*  0.149* 0.003  0.161**  -0.051 0.125* 0.076 0.236%%  0.251%* 0.910%* 0.540%*
pH -0.369%*  -0.328**  -0.204 0.001 0.234**  -0.027  0.114 -0.023 0.109 0.168%* -0.034 -0.023 0.592** 0.464%%  0.637**
PHMV_MV 0.365%*  0312**  0.206 0.012  -0228* 0022  -0.121 0.020 -0.110  -0.196%* 0.014 0.008 S0.597%%  -0.448%F  -0.638**  -0.999%*

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
® Cannot be computed because at least one of the variables is constant.
Do Conc® Dissolved oxygen concentration

DO Charge® Dissolved oxygen charge
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Figure 4a shows the weekly variation in early and late instars of Anopheles mosquito larvae
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Foot notes: F: Flowering; M: Maturation, H/R: Harvesting/Ratoon; LP: Land Preparation; TP: Transplanting; T: Tillering
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Figure 4b shows the weekly variation An. gambiae and An. pharoensis identified
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7.5 Discussion
This study describes, the rice growing cycle as used by farmers in Mwea Irrigation
Scheme and how it influences the larval diversity and abundance. This study shows that
most of larvae were collected between land preparation and tillering stage. At these
stages of rice development the water is more exposed providing more suitable habitats for
oviposition consequently abundance of larvae in the water. Our finding is similar to
various studies in schemes (Mukiama and Mwangi 1989, ljumba et al., 1990, Mutero et
al., 2000), which unanimously reveal that An. arabiensis normally have one major
population peak annually, coinciding with the transplanting of rice seedlings during the
main growing season. At transplanting of rice seedling the rice height is small providing
good penetration of sunlit to aerate the habitats. Also few days after transplanting there is
addition of nitrogenous fertilizers, which were shown to attract Anopheles and culicine
mosquito to oviposition (Victor and Reuben 2000, Mutero et al., 2004b). For effective
control of the mosquito menace in Mwea Irrigation Scheme, consolidated efforts should
be leveled against the pre-adult stage between the transplanting and the tillering stage. At
these stages the abundance of mosquito larvae is highest, consequently larvicidal
pesticides application would yield maximum reduction in adult population. At this stage,
the vector control programmes should use integrated vector control mechanisms (Lacey
and Lacey 1990) targeting both the adult mosquito populations and larval control.
Considering Mwea Irrigation Scheme, the rice growing is in phases; the control should be

done all year round based on the rice-growing circle.

Our finding further shows that there was a strong correlation between anopheline and

culicine larval abundance at the experimental plots. This indicates that anopheline and
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culicine mosquito larvae co-exist in the breeding habitats. These mosquito larvae utilize
same habitat for their development, although from these finding, it appears after
flowering culicine larval abundance increase significantly. Anopheline larvae are known
to breed in open, sunlit habitats (Gillies and Coetzcee 1987), which is provided by early
stages of rice cycle, while culicine can breed in both habitats with clear water and foul
looking like water. After transplanting, and the addition of fertilizers, the water turbidity
is quite low (Mutero et al., 2004b), but as rice grows turbidity changes. After harvesting
the water is very turbid due to the rice straws decomposition in the plots. This provides
favorable condition for culicine breeding. Based on this finding, larval control using

larvicidal agents should use one that targets both the anopheline and culicine larvae.

Morphological identification of the mosquito larvae yielded significantly more An.
gambiae s.I. larvae than the other species. Further, the identification of emergent
mosquito also gave more An. gambiae s.l. This indicates that the rice paddy produce
more An. gambiae mosquitoes than the other species. This means that the rice farmers are
exposed more to the malaria risk and there is a possibility of continuous parasite
transmission. The implication of this is that, the people living within the scheme shouid
use insecticide treated bednets (ITBN) to minimize the human-vector contact. This would

lower the chances of getting the malaria parasites consequently remaining healthy.

In conclusion, these studies show that mosquito control programmes should be

emphasized at the beginning of rice growing cycle targeting the developmental stages.
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Throughout the rice growing cycle, larvicidal control programmes should go hand in

hand with other vector control tools such as insecticide treated bednets.

CHAPTER 8: THE SURVIVAL OF IMMATURE ANOPHELES
IN MWEA RICE IRRIGATION SCHEME

8.1 Abstract

8.2 Introduction

Anopheles gambiae complex and An. funestus complex are the primary vectors of malaria
in Mwea rice irrigation scheme. The distribution and abundance of mosquito larvae
results from availability of oviposition sites, the oviposition preferences of females, and

the ability of the immatures to tolerate and develop after the eggs were laid.

Life tables provide a structured framework for identifying developmental stages most
susceptible to mortality and, under some conditions, for inferring sources of mortality
(Service 1993). The life tables for the developing immatures can be constructed using
either horizontal or vertical methods (Reisen and Siddiqui 1979, Reisen et al. 1982,
Service 1993). Horizontal life table methods are appropriate for distinct cohorts that can
be followed through time, whereas vertical life table methods are appropriate for
populations with overlapping generations and age distributions that remain stationary for
the duration of the sampling period. Service (1971, 1973, 1977, 1993) Reisen and
Siddiqui (1979) and Reisen et al. (1982) provide extensive discussions about how such

information can be analyzed.
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In Kenya, Service, (1971, 1973, 1977) and Aniedu and colleagues (1993) studied the
survival of immature An. gambiae complex in the larval habitats. The objective of this
study is to determine survival of immature An. arabiensis in different habitats in Mwea

Irrigation Scheme and under the experimental rice growing conditions.

8.3 Materials and Methods

8.3.1 Horizontal and vertical Life Tables
This will be done as described in 3.10 in this thesis.
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CHAPTER 9: CONCLUSIONS

Rice growing is an important source of mosquito production. Rice paddy and
canal are most productive habitats. This study also shows that unplanned rice
growing supports more Anopheles larvae than planned rice growing system. From
the results larval control activities should be initiated at early rice stages and
during the rainy season. The unplanned rice system should be better managed and
if possible controlled by the management system of the Mwea Irrigation Scheme

where water for irrigation is distributed together with those of the scheme.

Anopheles larval abundance is found to be associated with pH and salinity. These
parameters in a rice agro ecosystem are associated with early stages of rice
growth cycle, which is associated with larval abundance. For effective control of
developmental stages of mosquito larvae, the application of the larvicide should
be done after transplantation and the larvicide should persist until the reproductive

stage of the rice.

Mosquito control programmes should be emphasized at the beginning of rice
growing cycle targeting the developmental stages. Throughout the rice growing
cycle, larvicidal control programmes should go hand in hand with other vector

control tools such as insecticide treated bednets.

There is natural regulation for mosquito production in the aquatic habitats.
Although the number of emergent mosquitoes decreases due to predation
pressure, there is a need to effective control mosquito developmental stages using

larvicides such as Bti and Bs.
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5. Paddy is the most productive habitat productive habitat type. Most An. gambiae

emerged from the paddy habitat type.

6. Addition of nitrogenous fertilizer results to a consequent increase of Anopheles
mosquito larvae. This is the phenomenon which results in the increase of

mosquito larvae between transplanting and tillering.

7. There is no succession of Anopheles mosquito larvae in the rice paddy but there is
more diversity of larvae at the early stages of the rice growing. Most of the
Anopheles mosquitoes colonize the paddy at the early stages of paddy
development. There is more species at the transplanting stage and tillering stage,
after which, the other species diminish leaving only An. gambiae in the paddy till

harvesting.
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