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ABSTRACT

A comparative study of the ecolcgy of mosquito vectors
of malaria Was carried out in the Perkerra irrigation

scheme and the Lobei swamp in Baringe district, Kenya.

The swamp was found to be more productive than the
irrigation scheme both in fterms of species diversity and
the relative abundance of individual mosquita species.
Seventeen mosquito species were collected and identified

and all oif these were found breeding in the swamp, while

(=8

cnily 5 species were breeding in the irrigation scheme. Two

known malaria veclors; Anopheles gambiae Giles sensu lato

and Anopheles funestus Giles were among the 17 species
identified. The two were collected in almost equal numbers
in the swamp area {1466 and 1475 respectively, between

January and December, 1986). A,funestus was very scanty

e
o]

the irrigation scheme, with only 28 collected as against

5

845 A.,gambiae, between January and December, 1986,

A.gambiae peak population was recorded during the
rainy season,; April to July in the swamp and during the cool

dry period following the rains, July -~ September, in the

irrigation area. Feor

; ; F . . \
the dry season (August - November,.



Rainfall was the most important factor affecting
Seasonal population fluctuations at the swamp., However,
at the irrigstion scheme, other factors, especially farming
and irrigation Practices; were ohserved te affect the vector

population significantly,

<

ab

1)

tat

s

Larval survivorship was similar in both types of }
and predation seemed to be the major mortality factor during

larval development, Adult survivorship was, however,

K

8

}u-

significantly higher in the irrigation scheme than in the
SWamp., The higher survival rate at Perkerrs was pProbably due

to factors related to irrigation, in particular the provision

-t

of cooler and more humid microclimates by groving crops and

»:

shade trees in the irrigated areas, especially during the

long dry seascon.

The two vector species were strongly endophilic but

a degree of exophily was evident among the gravid females,

which was stronger in A, gambiae (33%) +than in A.funestus
(25%), A._gambias alsoc showed a higher preference for
human blood, with a human blood index of 88,6% than

Ao funestus with an index of 58, 8%,
iunestus

it w —- nf " .
Malaria accounted for 56% of all sicknesses treated
annually in the area, Transmission occurred throughout

ear with the peak between April and September. Crude
Y P P P

=)
)

inoculation rates were four times higher in A.gambiae than

in _@funestus,indicating that the former was the more efficient

e

and important vector in the area,

3
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and mulliparous females of Anopheles

gambiae 5.1, in daily dissections at

Perkerra in May, L i (I 143

Figure 31: Graph showing the daily parous rates of

-

edle at Leboi in Mauy,

n

Aanopheles gambiae

L 145
Figure 32: Gruaph showing the dedily parous rates of

Ancpheles gambiae s.1. at Perkerra in May,

1987 14
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I'igure 373: Graph of the mean Parous rate per

oviposition cycle of anopheles gambige
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Figure 34: Graph of the meuan Paious rate per
— ovipesition cycle of .anopheles gumbiae
= Sel. at Perkerra ...civieieeieecennwnn..... 148



Figure 353 Graphs shiowing the biting activity

of aAncpheies mosquitoes N 159
:igure 36¢ Percentage composition acceording

to ubdominal stages of female mosguitoes

collected from inside houses by the

pyrethrum spray method at Loboi ....... 162
Figure 37: Percentage composition according to

abdominal stages of female mosquitoes
collected from animal burrows at

Perkerl"a .s.aauoaaaoeoaoovunace.ocooa- 1&‘9
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GENERAL TINTROIDUCGTION

Malaria has been and still is the most important
pa»arltic diseése in the tréﬁics. It has been estimated
by the World Health Orggnization (W.H.0, 1985, 1987) that
365 million people, neariy one-twelfth of the worldis

population, were living

{=te

L areas, mostly in Africa, where

¢}

malaria wgs still highly endemic and where no specifi
anti-malaria measures were being applied. A further 2217

million peop le, b6o oi tn° worldfs population, were living

in areas where malaria Was endemic but where control measures
have reduced its level of endemicity,

Ln greas other than tropic

]

m

1 Africa, the incidence o

at 20 million cases a

ot
]
2

ng

’_I.

the disease is curren ntly est

)]

Year. In Afvrica south of ths qaqaLa'about 200 million people
are believed to be chronically infected and of these, abhout
oneé third suffer acute manif estations of the disease in the
course of the year, The consequences of this high morbidity

0N socio-~economic activities are devastating. There exists

s

a vicious circle of disegses (eg malaria) and poverty ir
most of the endemic third world countries. Productivity is
low becguse many workeirs are sick; reduced productivity

results in reduced standards of living which in the long

= - : s ra / P T i
Tuli predisposes people to Sickness (Brown, 1973; Ww. H.0, 5980}@ !
The malaria eradication campaign launched by the
+ 3 - e { et el
Worid Health Organization in 1955 (Bruce~Chvatt . 1985



eradicated or drastically veduced the disease in man arts
y P

of the world, notably the U.S.A., Europe, parts of Asia, and

South America. This campaign could not, however be extended

to Affiéé because of the enormity of the malaria problem in
Africa, 'Coupled with this was an gcute shortage of locally
trained mappower, inadequate transport and communication
syste§g“ Since 1969, the W,H.0 hgas changed its strategy on
malaria from global eradication to control (Bruce-Chwatt,

1985).

To this end,

more emphasis is being laid on incregsed
2

o

<

research intoc various aspects of the di

9]

ease and its wvectors
especiglly, with regard to how they are related to local
environmental conditions,

Over the years, numercus studies in many parts of the

world have
mosquitoes
impression

viour

[0}

and

is,

vectors of

relationships with their environment.

hovwever,

provided an impressive amount of knowledge on
and malaria., In fact; there is an errcneous

among some‘people, that knowledge on the beha-
gy of these insects is now exhaustive. This

o

colo

not tirue., The individual species of mosquite
malaria have distinctive habits and special

These distinctive

habits and interacticns with the environment, vary from one
locality to another, even for the same species, and are
crucial in defining the epidemiology of the disease in any
given locality (Gillies and De Meillon, 1968; Miirhead-
Thomson, 1982)., The failure to recognize this fact, and
the comsequent attempt to base control megsures in one
Jocall*y upon entomelogical and ecological data collected



in ancther pilace hasd been largely responsible for poer

in most anti-mesquito campaigns (Muirhead-Thomson, 1982),
Bovironmental manipulation can be an effective method

of mosguito coatrol ender ¢certain conditions {Vaddy, 19753
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tion of irrigation schemes, dams, fish ponds etc. These
projects which are indispensable for modern agriculture and

watel ﬁanaﬁement, usually bring about profound changes in

the thsical and biological environments of the areas con-

cern edor One of the most important gspects of these changes

is the escalation of disease transmission by vector organisms
el t

3

whose de velopment are highly favoured by the new environment

(W.H.O.y 1967; Simpson, 1975).

Mosguito studies should be started prior to construc-
tion of any large dam project so that forcasts bgsed on their
resﬁlﬁs can be incorporated 1n o the overall plan (Paterson,
1975). Unfortunately, due mostly to over-riding short-term
poliﬁical and economic considerations,.and sometimes to acute
shortage of gualified manpower,; this essential reguirement

never getsthe serious attention it deserves. Conseguently

st

€.

2

whenever irrigation has been carried out ot a large sca
it has been followed by profound changes in mosquito population:
and often in the incidence of mosguito~borne diseases,

Sometimes, the health problems that arise from such extensive

modification of the environmenti, outweigh the economic gains

and cause untold damage to the health and well-being of the

people {Farid, 1975; Paterson, 1975; Simpson, 1;75)¢

There is therefore an urgent need to study the existing
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(Burtees, 1370 b, 19753 Simpsen, 19753 Chandler, 1976 Hignhton
et 8l., 1979). MNo studies hpve been done on the impact of
irrigation on mosquitc breeding in any other irrigation schemo

in the country, including the Perkerrs irrigation scheme at

Heglth to control mosquitees in the Loboi SWamp
5
{Ngindu, pers, comm.}. Parts cof the swamp were

P \
v - e e - v o =yl o o
2 or 3 times with fenitrothion { organophosphate)
<8 T e < - ~ P ~ - - 4 -
month periocd. Since there wWas unc prope: pre=spray study,

both epidemiclogical anc ent'moicgical data were scanty and

s no clegy

picture cof seasonal prevalence

f.

.

of seasonal changes Lx

Al

s, It was therefore impoassible

2 1 2 -3 3 EX ) S * 2 kel 1 = 5 e s
were suitable and adeguate, AS eniomoiogicas baseline data

were lscking, it was impossible

t9 evalumte the impact ci the

5

comparative study of the ecology of malaria vectors in the

3

The investisation focused on SO
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intersctions betwWween malaris purasites, their vectors and
human hosts on the one hand, and their physical and bioclogical

environments (natural and manemede] on the cther,
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To study the species diversity, relative abundance
and seasonal populastion changes at both the

Perkerra irrigation scheme and the Lob. i svamp

Windspeed
Te compare the age composition and survivership

sy

o study the behaviour eof the major vector species

with respect to feeding, resting, and host preferences.

o assesas infecticn rates in both man and mosquiteoe

and to relate vector behaviour to melaria

To assess the impact of irvigation on mosquito
breeding by relating fluctuations in mosquite

]



populations to changes in irrigation practices,

Theée investigations were conducted simultaneously in
a natural mosguito habitat (Loboi swamp) and a man-made habitat
(Perkerra irrigation) so as to highlight the modifications to
thernatural environment brought about by the introcduction of
irrigation. The efiects of these modifications on mosquito
breeding and malaria transmission were assessed. Malaria is
a serious problem in tne Baringo area and there was an urgent
need for this type of study in order to provide the baseline
dat; upon;which future control measures could be reliably based.
I+ is therefore hoped that the results of this work would be
of benefit in the planning and execution of a cost-—effective
malaria control programme in the Marigat area of Baringo district

Kenyvae



CHAPTER 1
REVIEW OF LITERATURE

Pl

1e1 Species Compositica snd Distribution

The species composition and distribution of malaris
vectors in most parts of Africa have been well documented.
‘iﬁ Kenya, Symes (1928, 1931, a, b, 1936, 1940) worked on
various aspects of malaria trgnsmission and vector bDiology

in different parts of the country., He established that

Anépheles gambiae Giles species compiex and Anopheles
funestus Gilés were the major vectors in this part of
_East Africa. tudies on mosquitc distribution in Xenya
have been repofted by other workers (Evans, 1936; Evans
and Garnbam, 1936; Hagddew, 1942; Muirhead-Thomsocn, 1951 aj

Service, 1970 a, b; Vhite, 1972; Chandler, 1976; Hig

sy

1ton

e

et al., 1979; Mosha and Mutero, 1982; Mosha and Subra, 1982;

Matero, 1985). Two sibling species of the gabiae complex,

abiensis Patton are

A. gambiae sensu stricto Giles and A.ar

~the most predomimant and the most important transmitters
of malaria in Kenya, followed by A.merus Donitz {along

the copst) and funestus. A.gambiae s.s. predominates in

semi=-arid and savanna areas (Service, 1970 a; Wnite, 1972;

Mosha and Subra, 1982). In the Xisum area, where these

two species are syfmWpatric, A, gambise out-numbered

A, zarabiensis inside houses towaxrds the end o

de
s

the

0
(o]
O
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dry seasoil (Sent @ov) bu; a reversed situation occurred during

the“hpt'dry weather following the short rains, between December
an&iﬁééfuary (White ggmg;a‘ 1972), Service (1973) found

A, gambiae S.8. as the dominant species in the same areg vhere

Whiﬁe“(1972} had worked between November gnd December. This

implies that the populations of these two are not static but

aré-most probably related tc rainfall patterns,

Along the east coast of Kenya the salt-water breeding

N ) 1 ] . /o 2 33 -

A. merus is the dominant species { Muirhead-Thomson, 1951 aj
Iyengar, 962; Paterson, 1964 b; Mutero et al., 1984; Rogo
et a1,9 1985) In a survey of the geographical distributic

and chromosomal polymorphic inversion of the Anopheles &;&ULd,
complex sibling species in Keunya, Mosha and Sub a (1982)
found that A. merus constituted 99m of the population in the

cosstal shoreline areas of Jimbo and Mombasa. A ambiae S.Se

predominated in the coastal hinterlands of Mishu, Mzsheheni

and Garashi (100% in May-June and 5665% in April), although
both species are sympatric at most times of the yeaT. A.gambiae
séseiai~o predominated in Xisumu (iake Victoria basin) area
wheref;t is sympatric with both A, argbiensis and A. funestus.
<A"qrab"°nsis predominated in the Tana River basin, Tavata

Savanna and Mwea highland areas, constituting 98 - 100% of

and July {Mosha and Subra, 1982).

I
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catche

in addition t¢ these well-known vectors of malariag

therc. are other Aungpheles mosquitoes which are important
vectors in other parts of the world but whose importance

in Kenya is doubtiul. These incliude Anopheles pharoensis

rp,
[
!

Lf

Threobald. This speci erous and widely



distributed in Trans~Nzoia and Kitale areas by Symes
(1931 a,bé); in Kisum and other parts of the lake Victoria
basin by Haddow (1942), Chandler and Highton (1975),

Chandler (1976); and in Malindi, Mombasa and Ganda areas of

the Coast (Van Someren et al. 1955). A. pharoensis is

a well known vector of malaria in Egypt (Madwar, 1936; Barber
and Rice; 1937: Farid, 1975) but in tropical Africa it seems

1 )

at best a feeble vector and of negligible inportance compared

to gambiae and funestus 'Garnham. 1945: Giles and De Meillon
A S i 2% ———— i A H ~ 9 b

1968, Another species in this group is anopheles coustani

Larvern. This group includes variaties coustani, ziemmanni

and tenebrosus. They have been found in large numbers in
Kisuma (Haduow, 1942; Chandier and Highton, 1975: Chandler,
1976) and parts of the Coast (Van Someren et_al,.1955).

They are also of negligible importance as-vectors of malarig

in Kenya.

Climatic factors affect the survival and fecundity of

adult mosguitoes and gre therefore important in determining
s

their numbers and seasonal distributions. The most important

actors in this respect are temperature and relative humidity

( Muirhead-Thomson, 1951 b, 1982 Bruce-Chwatt, 19

=

85) . he

-

optimum temperature for activity for most Anopheles species

3
O

in the bropics is 25-32"C, LActivity is increased greatly
38 ¢, Most mosquitoes

at 35-37 % but drops rapidly above

die ii exposed to this temperature for 5-10 minutes (Muirhead-
m

Thomson 1951 b). Mosguitoes avoid unfavourable temperatures

Mairhead-Thomson (1951 b) found
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minimus - Theobald in Lndia as resting sites was 20c¢ lower
than the outside air temperature during the cold seasori.

In Kenya,Haddow (1942) also found a difference of about.

Or;
3

between the mud huts used by _A.gambiae and A.funestus

as resting sites and the outside temperatures.

Anopheies mosquitoes favour high relative humidity, 70-
7 S ) . o § % ~ = 8
90%) and the mean relative humidity of preferred resting
sites are usually higher than the cutside relative humidity

N } : 4 3 - . 1 L
by 10-40% (Haddow 1942; Muirhead-Thomson 1951). Outdoor
resting mosquitoes choose heavily shaded sites to ensure

favourable temperaturés and humidities. Such sites include

animal burrows, termite mounds, thick vegetations, wells

P iz 1

etc. {(Bruce-Chwatt 1985,

iRainfall, by influencing tempe erature and relative
humidity, has an indirect effect onvthe survival of
mosguitoes, Thus most species of Anohpeles reach their
peak numbers during the rainy season net only because of
increased longevity of the adults (Giilies and De Meillon,

4

19568: Bruce-Chwatt, 1985)

O

In large bodies of water subject

2

t

O

“fldoding during heavy rains, peak numbers are attained
a few menths after the end of the rains when the water level

begins to fall (Dunkeen and Omer, 19856, Snow et al., 1987.

Winds assist the dispersal of moscuitoes beyond their normal
: LS 3

flight, iimits but very strong winds can also disturb flight

o
129

and prevent egg~laying (Bruce-Chwatt, 1983).
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1.2 Larval Ecology

I,

— Numerous studies ¢f the larval breeding sites of

l—l-

A gambiae .l have been made throughout the areas of its
£ gambiad 5

distribution range. In most of these areas A, cambiae

are found to breed in shallcow, open, sunlit pools originating

from borrow-pits, drains, brick-pi

8, car tracksand hoof-
prints etc. They also breed in pocls resulting from over—

tlow of rivers, pocls left by receeding wriver, rain water

-

collecting in naturul depressions etc. {Muirheamehomsumg
1948; Holstein, 1954; Gillies and De Meillon, 1968). Rice

fields constitute another prolific source of A.gambiae

s.1. {Gillies and De Meillon, 1963; Highton et al., 1979;

Surtees, 1970 b: 1975

o

Mogi et _al., 1986). In general they

are most productive of mosqguitoes when they are recently

coded and the rice is low. Later on when the rice is ful

[
v

|.._4

"
A4
grown, breeding of A, pambiae is At a lower level and confined

to the margins of the field,

——iowever, open, sunlit waters are by no means the only ones
in which A. gambiae can breed., Holstein (1951#) in Upper Volta

cund them breeding in pools and ponds covered with vegetatiot

o1

(4]
©

grassy swamps. A.gambiae also breed in tre




unusual places are important. They must be taken into

account in the course of an anti-malaria compaign directed

against the larval instars since they constitute Toci of

5]
}.J .

anopheline development, Ac.gambiac has not been known, however
I - erpaliDlL aw

to brees

d in fast running water or in very alkaline or

polluted water (Eymes, 1940,1941),

The—introduction and establishment of i.gambiae in 211y
= i i — ey

place is closely bhound up with human activity. Thus the
increase in he incidence of malaria in a locality or rTegion

is often directly correlated With intensive development of

agriculture or siuwply, with an increase in the human

T

population for cne reason or ancther (holstein? 19543 Youdeowei
and Séfvice, 1983). There are two types of anopheline breeding
vlaces created by human activities, (a) small amounts of water
£ in empty tins; barrels. cocouut husks, cement tanks
etc. arocund human habitations and {h) large bodies of water
suchras Canals, irrigations, dams, etc, created by large public

~

s : . - - - 3 e - . S 3
works (Clegg and Garlick, 1980; Youdeowei and 8fervice,1983),

A. funestus hreeds churac*erjntL“dliy in bodies of clear
= e SLUS
water that are large and more or tess Semi—permdﬂEEQQegu

SWamps, weedy sides of Streams, seepages, etec., {(Gillies and

w

0n, J.  According to these authors the important




gree of shade. Growing rice provides similar pretection,
Grainger (194 7) in Kenya found that 2. funestus breeds
prolifically in the third month after pPlanting and that
densities were lower if irrigation was intermittent rather than

continuous. In ponds with dense marginal vegetaticn and
extensive areas of Tloating plants, breeding was coniined Lo
Ene fo mer ZONEe . it scems that an inportant ecologic~l factor
is the provision ot shelter from predators (Gillies and De

leillonm, 1968).

Some workers have, however, found the species breeding
in some rather unusual habitats under certain conditions. For
eXamDie,.éymes (1936) describes a study in which he found 4.
funestus to be breeding consistentl y in wells and domesti

Water containers of znll kinds in Malindi near Mombasa. In

\

Pemba island, Gillies and De Meillon {1968) found ae funestus
breeding in a deeply subnken limestone - -stream, completely covered
overhead with bushes; the water itseif devoid of vegetation

and witih 1ittle detritus. This shows that where the range oi

available sites is restricted, A,funestus is capuable of

utilizing rather different waiers from those normally

colonized.
Jepson et al. ( QT) stated that temperature is the chief
tacteor controlling Anopheles breeding under natural conditions.,

¥er gogambiage the temperyture range is 16-430¢, with the

R == - O = . . i oy
optimum range of 30-340C, For i.funestus the limits are 1o0Q¢

~nd hot Vb N )
and 4OJC, and the optimum range is 25-27




\ . . 3 . .
et al, 1947)., Haddow (1943} studied the effects of temperat-~

ure and light c¢n the Iarval habitats of A.gambiase and A.funestus,

He found that vegetation had a profound insulating effect on

temperature. The range in the grassy pools favoured by A.

gambiae, He concluded that not only do the breeding waters

of A.gambiae reach higher temperatures than those of such

species as A.funestus, A counstani,and A. pharoensis but they

1

w

0 undergo much greater temperature fluctuations, Holstein

[V}

(195ﬁ) collected A.gambiae lawvvae and pupae in shallow excuavated
pools at Kokry (Suduh) With temperatures between 40,5“0 and

o
41,80,

é,ga@biae is highly intolerant of gross pollution of either
vegetation or animal origin. Hopkins (1933) showed that it”
can be controlled by the addition of cut grass to the iarval
bleeding.sitese According to Gillies and Be Meillon (1968)
Hancook had achieved the same results in 1930 by adding town

refuse to the

®
t
H

arva} sites., Goma (1960) observed that where
swamps hiad been altered by either cutting or burning of papyrus
the burnt habitut produced very few anopheline mosquitoes.

Water with uspended colleoidal matter such as is seen in

‘0

brick-pits seems particulariy fsvourablice to A,gambiae (MCCrae,

i

Anopheies tunestus shows iittle tolerance to saline water

Muitero, 1982}, Anopheles gsambiae

also has little tolerance of saline water (except of course
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)

A.mezus and A.meips Thecbald from the fresh~Water breeders
A.ganbige s.s5. and A.prgbiensis {(Ribands, 1G4l Muairhead-

Themsorr 1957 a, 1982; Mosha and Mutero, 1982; Roge et _al,
1985). ~Goma {1960 b) investigated the productivity oi

baricus mosguito breeding sites in sWamps in Uganda. Six

studies., Only the quantity of soluble organic matter; indi-
cated by absorbed oxygen and albuminocid ammonia showed any

relation to productivity, the least nreoductive habitat cocn-

taining smallest amount of organic matter,

§-.3. .o -Mortality and survivorship of Mosguitoes
15%301% Mortalitv and survivorship of Larvae

Mertality in the immature stages of the mosguito can
he-caused by a variety of factors - adverse climatic conditions
limited food supply, competition, parasites and pathogens etc.

Predation is probably the most important limiting factor

{service 1970 b), In certain habitats such as large
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larvae of Cordullid:e (Odonata), Culex tigrpes Grandpre ang

Charmoy and Dytiscidae (Coleoptera) that devoured numerous
mosquito larvae after hunting them down efficiently in

laboratory bowls, Among the pathogens they found were

o

Vorticella sp (protOZOa) which attached themselves by stalk

1

to various parts of the cuticle of A. gambiae larvse. They

alsc found numerous cases of infection with protzoa of the

genus Thelohanig (Microsporida) and with the fungus

Coelomenryces,

Service (1973) studied mortalities of the larvae of A,

gambiae complex in ponds, ditches and pools in the Kano

3 P o - . - . . /
plains of Kenya. He recorded an overall mortality of 96%

among immature stages in ponds at Rabour and Chiga villages

and 100% mortality for larvae in ditches at Chiga. These

mortalities were due to heavy infection with Coslomomyces and

I

]..h

to predators, Among predators incriminated by precipitk

tests were spiders, ants, Colecptera and amphibians (tadpoles)°

Mogi et al. (1984,1986) found that mortality attribut-

able tc aguatic predators of Anopheles peditaeniatus and

Anqphe;esrsiniensis in the Philippines gnd Thailand rice
fiel&s véried from 19 to 54% and ¥as positively correlated to
the abundance of aquatic predators, Surface predabors were
a mlmer-mertality factor (0—10%), The major predators

<

included Dytiscidae, Hydrophilidae, (Coleoptera), Nepidae,

;



. . : \ .
(Anisoptera, Zygoptera) and Ephemeroptera

-The absence of potential aquatic predators from most
temporarary pools, hoof-prints and octher small and transe-
ient Water collections colonized by A.gambias tends to
that there is littlie larval loss by predation
(Service, 1973). Gillies and De Meillon {1968) stated
that A.gambiae favours such sites as an adaptaticn to escape

predation. However, adult fiies have been observed sett

o
o~
e
!

[He]

on both small and large collections of water pnd preying on
emerggﬁt adult mosquitoes and also on larvae (Service9 1970 b,
1973, Mogi et al., 1984). Larval predation gppeared to be
concentrated on the 4th instar. Among these predators

were muscids belonging to a common species Lispe irvingi

Curran znd Dilichopodids {also Diptera} belonging to two

species - Pelastoneurus congoensis Parent and Thinophilus

species. Lycosid spiders have also been reported as predators

of emergent mosquitces by Bishop and Hart {(1931) and Service

o~
—t
\D

70 k).

Estimates of the larval survivership is an important

component of the population dynamics of mosquitoes in suy

given locality (Reisen and Siddigqui 1979). Bates {(19l41)
¥ ;

estimated larval suvivorship by comparing the number of

B

ach instar collected divided by the instar duration for
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(1979), Reisen et al. (1982), and Mogi et al. (1984, 1986),
have used the method of age~specific life-~tables developed
by Deevy (1947) and Southwood (1978) for agricultural pests

te estimate the survivorshnip of mosquito larvae.

132

Adults Mortality and Survivorship

The pioneering work in the use of physiological

ch%nges in the reproductive organs of adult female mosguitoes
te estimate thelr longevity was done by Russiesn entomolo-
gists, chief among whom were Polovodova, Beklemishev and
Detinova (Detinova, 1962; Gillies and De Meillon, 1968).,
All the blecod-sucking Diptera show ithe phenomencn of
ggacbrophic coeuncordance, that is, a ful blood-meal is
necessary for the maturing ol one egg batch. The period

from the time a blood-meal is taken to the time of

cviposition of mature ceggs makes up a gouchrephic cycle

and the number of cycles undergone by a female constitutes

% ¥ : % & / TS ~ L e .
its physiological age (Detinova 1964}, The Russian scientists
worked mainly ou Anopheles maculipennis Meigen but the - .

principles have since been used on other mosquito species

F
S
,-J .

3

by other workers including Detinova and Gillies (196

\

Tanzania on A.cambiae and funestus, Gillies and Wilkes (1965)
Zan

_ =— . s L1
fueénsiznd, Australia, Samasrawickrama {1802), Samarawickrama



et alesy (1987), and Russel (1986) in norti

L C

@
H
b

Australiag

on different species of culicine mosquitoes.

The simple method of determining daily survival
= N ) 5 £ . . ~
rates based on the parous/mulliparous ratiocs has Tound

much wider application in varicus parts of the vworid =

\ 7 e a)
Davidson and Drapper (!9)33

|-

)y, Gillies

[
=

s Davidson (195
and Wilke (1963), Ciement and Patterson {1981). A modified
version of the parous formula has also been proposed for
use in situations where recruitment of nulliparous females
into the population is not comnstant (Birley and Rajagopalan,

\

155 Biw

\O
o

ey and Boorman (1982) used this to estimate

foud

survival and biting rates of haematophagous insects in

)

985), and Muterc =zand Birley

o~
—d

cuthiern England while Mutero

of malaria

4]

(1987 ) used it to estimate the survival rate
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1.t Vector Behaviour

1.te1 DBiting Activity

Africa, especially A. gambize and A,
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Muirhead-Thomson, 1948; Holstein, 1954; Hanney, 1960;
Service, 1963; Snow gt al., 1987 ). The genéral picture

that has emerged from these and other studies is that there

1.5 usuaily a period of low activity between dusk (1900 hrs)

to about 21 hours. From then on, there is increased activity,

reaching a peak between midnight and 0400 nhours, The biting
remains fairly high until just before dawn when there is
another peak. This increased activity at dawn is thought

tc be due to an influx of mosquitoes entering the house to
seek shelter for the day (Haddow, 1942; Krafsur, 1977).

For both A. gambiae and A. funestus the bulk of the

+H
0]
0]
o

ing takes place indoors., This is primarily connected
with the late feeding habits of the sepcies. In southern
Arabia where people sleep outside at gertain times of the
year, most biting takes place outdoow {Gillies and De Mellion
1968). However, Dunkeen and Omer (1986) stated that out-

dooxr biting activity by A. arabiensis in northern Sudan

occurred throughout the night with a peak beiween 2100 and

C3500 hours. Feeding also rarely takes place during daytime,

aithough Haddow et al 1947) recorded small numbers of A.
& 5 2
gambiae feeding during the day in Ugandan forests., There

have also been records of daytime feeding by A. funestus

Gillies and De Meillon, 1968; Smith 1955, a).
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of its adult
few A. fupestus leave the house the same night

Yexry
Several workers in Bast Africa established

(Muirhead=Thomson,
Drapper and Smith and 5¢ Haddo
Service (1963} found 23% of

s Ssenkubuge,
fenales leaving the house after feeding

v

houses the same

¢ Krafsur, 1977).

y females which leave re=enter other
4

Man
. £ - T
night to rest (iladdov, 1042}

A

»

eports of the daytime resting behaviour of Aopambiae

Barly r
nost

Some workers stated categoricall

tially endophilic and spends
inside houses,. Muirhead=

ch gonotrophic cycle msting
2¢, of fed females left

s.1, were conflicting.

°of ga
Thomson (1951 a) found that only
(1954 a, b} found 6 = 7% while

-

Gillies

houses after feeding.
Wilson (1960) found 5 = 12% leaving the houses soan after
On the other hand

feeding. #ll these were in Bast Africe.
some workers in West Africa found large percentages of fed

females leaving the houses soon atiter feeding. For éxamp165
Gelfandi(1955) in Liberia and Muirhead=Thomson {1948) imn

Wi o Y
ligeria ohserved that as much as between 4 and 98% could

leave the houses after feeding



The main reason for this type ot very wide differences
in results is now known to be due to differences in
behaviour between the various sibbling species of the A,
gambiae comple « With the separation of the complex into
six clearly defined (genetic) species it became possible
to reconcile the confliétiﬂg results of earlier WOrkers‘
with regard to behaviour patterns. It is now generallwy
accepted that A. gambiae s.s. (species A) which thrives in
zones of forest and humlid savanna, is predominantly endophi~
lic and anthropephagic in behaviocur (Whiteg 197h; Highton

2}
3% il

"
o
=t
o

3

et

¥

available as a host, the human blood index (HBI} is vexry high
and nearly all endophagic females remain indoors for at
lJeust the first day ~fter feeding (Davidson and Drapper,

1953; Gillies, 1954 ayb,. 1956).

S

}.i.

A. arabiensis (species B) on the other hand

genetically endowed to alter its behaviour much more easily
o z

197}

in response te envirommental situations (White, 1974). Tt
behavicur patterns are therefore more complex and more

difficult to describe, Under natural condition

n
5
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T
o

ma jerity of hosts 'and domestic animals are indoors at night,
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s 1979; Mosha and Subra, 1982)., Wherever man is readily



and then may enter the house to take shelter, However, if
suitable outdoor resting sites are also available in addition
to outdoof hosts,; this species becomes predominantly
exophagic and completely exophilic (White, 19743 Joshi et al.

1975; Highton et al.,1979; Dunkeen and Omer, 1986),

These differences in behaviour between species A and B of

the A, gambiaq complex alsc account for the differential resu

of house spraying with insectcides where the complex is the
main vecto;; Species A does not have the genetic capacity to
develop true behavioural resistance to insecticides (White,
1974). Hcgse Spraying with residusl insecticides is therefor
likely to be very effective against endophilic species A
populations, Faced with insecticidal spraying.of hcouses,

species B on the other hand readily selects for complete

exophily, or at least pestprandial exophily (Kuhlow, 1962;

Smith, 1962 a,b,Pringle, 1967; White, 19

7

-1

Ly,

The saltwater species of the A, gambiae complex, namely

As melas ang As merus are gener

o
[
[
<
3
Q
P
[0}
®

xophiliic and

.

Muterc et al., 1984), Even in unsprayed houses, endopt

exophagic than their fresh-water reliagtives (1yengar, 19862;
h

[}

A. melas and merus tend to be excphilic for resting purposes,

o

but this tendency increazses after spraying (Snow et al, 1987)

1.4.3. "Host Preferences
In reference to A, gambiae s.I., Gillies and De Meillon
/ ~ & - . - - ~
{(1968) observed that in geneval; coastal and forest areas tend

te be associated with the highest degree of anthropophily

e
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while Savanna :populations tend

zocphily,

It

conditions favour species A, and

Davidson and Drapper (1953) found mor

from,allisituations in parts of
for human biood°
got a human blood index (HBI) of
found 92%jgf Ao §EEE£§E SeS,
have fed on man while

90,3% in the Kisumu ar
Bruce=Chwg

Parts of East and West Africa is

human bloed in_A. gambige s.l, B
values of 50% (White
1970 b) have been obtained where

inside houses at night,

is now known that these two £

Gillies (1954 4, 1956)
in ¢

¢a of Kenya,
tt and Gockel (1960) noted that the 1
Ex

and Rosen, 1973) and 28% |

k1

Lo show higher levels of

ypes ol geographic

B. of the complex

~ 7 S
€ than 90% of catches

Last Africa to be pesitive

at Muheza, Tanzania

{

92% (1979)

s Highton et a1,

e

the Kano Plains of Kenya to

Arap Seroney et al, (1985) obtainea

In a review of the subject
J

ange in most

between 41-86% positive for
xceptionally low indoor HBI
Service,

man is outnumbered by cattle

The general concensus is that Ao arabieunsis feeds predo-
minantly on hosts other than man. Where Species A and B
coexist, therefore B-usually has a lower HBI than A. TFor
example, Wh%te et _al, (1972) Tfound an HBI of 91.2% and
60.9% for species 4 and B Tespectively in indoor biotope and
2% and 7% for the two sSpecies Tespectively in outdoor bBictope

(1979) Tound 92% and 59% for the two
indoor catches, thus, as White (1974)
Species B is g matter of degree,
Wherever man is present, he is bitten in considerable numb érs
and HBI  of 100% have been found in smail sampies taken from

respectively,



human habitations,

In'keeping with their dominantly excphilice tendency,

Itwat+eam s * / w5
the saltwate pecies; A, m S.and merus agiso tend to

prefer non-human hosts but L€ man consistently in the

abééhq§_6£ these other host Iyengar (?962) found 39% of

house catches Positive for } an blood and legss than 2% of

outdoor catches positive fo uman blood in A, merus in

Pemba island, *But Muterc CtE. (198%) found as high as

59¢8% of their outdoor catch at Jimbo, Kenyg Coast positive

for human blood,

The degree of anthropop ¥ recorded for A, gpnestqé by

various workers is also very riable. Haddow (1942) had a

value of 98% in Kisumu, Kenya Bruce~Chwatt and Gockel (1960)

recorded 98,6% in Liberia, o4 |l Ghana and 89% in Nigeria,
Vhite et ai, (1972) recordeq 5% fer indoor biotope and 24¢
for outdoor biotope, On the ér hand, Bruce-~Chwatt and
Gockel (1960) in mixed habita 15 and cutdoor shelters in
Upper Voltar found only 24~267 T their catches positive for

fuman b1lood and Zuluets St 2l MB1963) found that k3% of house

in Uganda contained h

Catchesg n blocd,

1.5, ~Arrigation and Mosgui ¢

-~

The bdilding of irrigatior chemes, dams or man~made lakes
disturbsftneaecological balancesr the Surrounding region and

the

09

W2y have adverse eifects on hum hea'th by Promctin

breeding of disease vectors (St ley ang Alpers,; 1975; Waddy
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1975; H.H.0., 1907, 1282; Youdeowei and Service, 1983),
Ivrigation influences mosquiito breeding by providing new

or increased Water doedy for breeding and introducing new or
more veritebrate hests. They also lead to villages and settle-~
ments and the insanitary habits of the inhabitants may creatc

a -

new habitats for mosquito z:iceding (Paterson, 1964 a, b},

Kice as the major crop related to water storage and

2

irrigation, contributes to mosquito production on a global
scale (Cillies und De Meillon, 1968; surtees, 1975; Youdeowei

and service, 1983), Maocdenald et 2l1,{1965) observed that
rice cultivation was responsible for increased populations of

Culex tritaeniorhynchus Giles fthroughout tropical Asia, India

and Japan, Similar conclusions were reached by Mogi et al.,

{1984, 1986) in the Philippines and northern Thailand with

-

respect to anopheles peditaeniatus Leicester and L. sinensis

W eidemann, According to Surtees (i975), flooding of rice ficlds
" . . /. . o 5
in Venezuela in May/June is usually followed by sharp increanses

in the populations oi se albimapnus Weidemann and A. pseudopunct-

A
&=

ipennis Thecbald,

The epidemiology of arvbovirus diseases associanted with
rice cultivation has been studied extensively in Sarawak

and other marts ofi south-east Asia (Smith, 1970; Heatho-

ilet

cote (19703 Hill, 19703 Simpson et _ale, 1970; Surtees, 1970 b)

Heathcote (1970) stated tiat the Japanese encephalitis wvirus

3

In Sarawak was transmittce.d by Culex gelidus Theoba™ i which fed




€xclusively on Pigs and @ . tritaeniorhynchus which fed

oﬁiboth man and pigqggtritaeniorhvnchus bred profusely

in rice fields and its breeding activity was closely
reléted to agricultural Practices throughout the yezr,
Thgre were two peaks in its bopulation, the major peak
coccurred in September/October Just before planting and Was
thought to be due to increased breeding as a result of
prep;ration of rice fields for cultivation, The second peak
occurred after harvest in April/May (Heathcote, 1970: Hill,

1970). Similar results were alse obtained by Surtees (1970

¢) who studied mosquito breeding in the Kuching area of

Sarawak with Special reference to dangue fever,

Reuben (1971) in his Studies of the breedin sites

0y

of mosquitoes of north ATCOot district, Madras, India

found that Culex vishnui Theobald,

1

pSeudovishnui and

19 tritaeniorhynchus were all breeding in rice fields but

H

-¥ere abundant at d fferent- times o the year, C wvishnui
— S22iIDL

were most agbundant in fallow rice fields while

Te)

seudvishnui and G tritaeniorhvnchus were most common in
P =z

planted rice fields,
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—The transmission of arbovirus by mosquitces breeding

in irrigation schemes in Kenya has also been studied

extensively, Bowen et al, (1973) Tound

of 5Ofnyong-nyong' (59%) and 'Chikungunyz® {61%) viruses

amemg people living in Ahero and Kano Pigin irrigation

areas, These viruses wWere {transmitted

b

Y A.gambiae and A

. . o . o vt ; O . "
funestus which breed in high numbers in irrigated fields,

West Nile virus was alsc present in low

endemic proportions

maintained by birds and Culex antennatus Beck which bred in

large numbers in the rice fields at certain stages of the

rice-cultivation cycle (Surtees 1970 a,

Mosquite breeding in relation tc an

in Kenya has bheen studied extensively i

irrigation scheme (Surtees, 1970 a; Simp

i

Bowen et a1l 1973),

irrigation project
the Ahero rice

5; Chandler

n

o]

s
A
\O
3

¢

irrigation in the Kane plains.

He comparasd Species composition and relative abundance of

man~biting ncsquitoes on the irrigation scheme and ¢on an

s
&
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the rice fields, A, gzmbiae Giles made up 65% of the catch;

Mansonia uniformis Theobald 28% and Culex P fatigans Weid 5%

while in the villages in the unmodified arvreg Mansoniag uniforis

X / . . .
constituted 86% of the catch; A. gambiae less than 1% and

cnly 3 Culex P fatigans (gaquinquefasiatus) vere taken,

Larvae of A, gambiae were most abundant in nursery paddy

while among older, denser Plants C. antennatus Was the

dominating species.

Chandler and Highton (1975) studied the succession of
mosquitoes in rice fields in Kisumu area of Kenya and
recognised twec groups;:- (a) Those that bred throcughout the

rice cycle, including Mansocnia uniformis and M africanus
i 2

(b) Those that were affected by the Water depth and height

the rice crop, including Ao Lambiae A, pPharoensis, A,

)

o]

Ziemanni Grunberg and Culex poicilipes Theobald,

S

The slurry of shallew muddy cls which follow transplant

b
(e}

o

{,

‘timulated intense breeding of s.gambiae and i, pharocensis,

Reflooding and rice growth favoured A.ziemanni and C,poicilines
sreolzMaling =

Chandiler (1976) also studied the mosquito fauna of irri-

gategvand,non—lrrigaed areas of the Kano piain. He celiected

on the Ahero pilot rice scheme vwhile on the non~irrigated
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an M. africanus Thechald, Similar results were obtained
by Simpson (!975) who alsc noted that the Peak populations
began to occur a month .earlier in the irrigation scheme

than elsewhere and were maintained over a longer pericd and

that the breeding activity of each species wWas related to rice

a

cultivatione.

Apart from rice; nearly every other crop suclhh ss cotton,
banana; etc requiring irrigation: supports mosquite populations
of medical importance (W.H.O0., 1982; Youdeowei and Service,

1983)

Dams provide important breedine grounds for malaria vec-

tors such as A.gambiae complex and A.funestus in Africa,

Aelyracsnus Pallas in Asia and A darlingi Roet in South america

(Macdonald, 19555 Youdeowei and Service, 1983), There are

1any--large dams and man-made lakes in Africa, including the
lake Kariba on the border between Zambig and Zimbabwe, lake

Nasserd;nrigyptg Volita lake in Ghana and Kainji lake in

Nigeria. bBut with the exception of the Volta and Kainji the

o

medical implications of fne projects were not thoroughly

D

q

investigated befor constuction work began (Balfour Beatty and



Nedeco, 1963; Waddy, 1975; Imevbore, 1975)., Malaria which
Was endemic in all the areas (except Egypt) before the dams
were built has remained g major problem and in almost all the
cases»has escalated as a result of the construction of dams
(Youdggwei and Service, 1983,

Paterson (1964 a, b) had earlier strengly recommended
that mosquitoc studies should be started at an éarly stage
of any irrigastion or dam pPro ject. It is important from the
very beginning to predict how the pParticular dam under
construction is likely to influence mosquito precduction and
what dangers to the health and comfort of man are likely

to result from these infiunces, It follows from this that

0]
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or dam muist be treated as a unique cagse

since what happens in any par

i

fu
m
0
8]

cr
‘«l

icular case depe

(i) The nature of the dam and the use Be which it is
Put, and

(ii) The moscguito fauna of the broad geographical

ion in which the dam is situated (Farrid 1975,

3
®
79

- Paterson 1975),




2.1 The Study Area.
2.1.1 Locatiocn

Province of Kenya {see Figs. 1,2
Y AN 1= 9

S’

. It is very close to the

Equator, lying between latitude 0.45 «1 10! north and long-

o o :
itude 36 = 37 30%' east, at an alt

’-5 .

tude of about 1005 meters
above sea level. The part of the division included in this
study is beounded by Lake Baringo to the north and Lake -Bogoria

to the south. The main Nakuru-Marigat highway marks the west

e
R

western boundary. It is a fla%; low~lying area ringec on all
sides by a rvange of hills. The two iakes” ars approximately
40 km apart and Marigat town is about half Way between them.

Marigat is about 250 km north-west of Nairobi and about 100

km north of Nakuru, 20 km south of lake Baring

Q

Q
I
s

labarnet,
the district headquarter is L0 km west of Marigat and the tvwo

sre linked by a tarmac road.

212 Ciimatic Conditicns
_The area is semi~arid with an annual average rainfall

of about 600 mm, The leong rainy season is between March and

June, while the short rains are between October and Decembery

cither tco scanty oy totally absent,

characterised by high tempera
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The seil is light silt to clay loam, considerably alkaline,
with an average pH of 7.5. It is low in organic matter, rich

n calcium phesphate (Anoncp 1987 =2, bj. The area is sparsely

e

wooded, withh the thorn Acagia as thec most common tree. There

o

and afforestation pro-

is, however, an ambitious twree planting

-ramme beling under-taken by the Deparxtment of Forestrvy and
G:.L“ = 3’ o

A

supported by the United Nations Environmental Programms (UNEP).

During and immedlately after the rains (April-July), the greurd
is covered by a carpes of fzst maturing grasses, giving it a

temporary green ocutlook.

2.1.3 The Permanent Bodies of Water

—

Marigat division has a number of permanent bodies of
vater, both natural and man-made (see Fig 2), Many of these
Waters suppert mosquito preeding all round the yvears Two of
these were selected to form the main pointe of in~depth studies
for this project. These are the Perkerra irrigatiocn schems
a8 an example of =2 man-made breeding sité'and'the Loboi swamp

as example of a natural breeding site. The larvael ecolcgy

studica wore conducted at these zsitess The adult sampling sites

Yore all lecated close to them, sxcept Endau willage, A brief
description of the main features of theese two bodies of water

is given below.

The Perkerra Irrigation Scheme

The Perkerra river is the largest allegsegsonr river in
the study area and it supplies the Wwater used for the irriga-
tion schieme, The scheme is located 5 - 8 kn"east of Marigat,
It covers an area of 5,850 acres (about 2,370 hectafes), out

~

I which 1,704 acres (690 hectares) are put under cultivation
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andualiy. A method of inciined plane irrigation is used. The

water flow depends complestely on gravitaticnal forees, Without

any mechenical pumping of water. More then 80% of the scheme
(1,365 acres) is covered in this way, while the remaining 339

scres are under the level basin irrigation. "¥ater levels in

[

of “"protectiom river wares®., These avre devices by which the
water flow is restricted at intervals along the canals in order

¢o allovw the level to rise to a desired height, thereby increas-

ing its speed of fic¥W When the restriction is removed,

There is cone meisn canal leading from the dam con the Perxe-

i)

cerpra river which divides the whole scheme inte twWo halves
(Fig 3). Branch canale lead off from this and pass in betveen
the plots., From the branch canale smaller feedexy canals carTy

water into the cultivated farms. The cultivated plots are made
} -~

into ‘basins® each measuring about 4 x 3 meters. These are

- Ieurrows® about 10 cin deep. Water
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fiow is pormenent only in the wain canal. In the branch and

w

feador caimls water is allowsd to flow only once a week. <That

is, the crops are flocded oncs a week ©o0 o &@piit ol 10 em afte

0
)

which the water is cut cff. This is unique and very different
from mest cther irrigetion scnemes vhews the crops are flcoded
for prolonged periods of 3~9 months at a time, Thua, even
though crops are grown all year round, there are no sﬁagnant
poolis within the plots for any considerable period of tima.
This is particularly so during the prolonged dry 5ea80N

Septembey - March., The canals are weeded at regular intexvals,

3

“he main canal by the irrigation board and the branch and
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Figure 3: A part of the Parkerra irrigation sc¢

11 e,

showing the mal annele



feeder canalis by the farmer
The entire scheme is d
blecks RI to Ri4 and LI to
250 onew;cr’ units. These
annual baisi. A farmer is
families currently owning p

are alsc resident on

wat

®

gation

T

r

The majcr cash

in orde

tables -are far

o

sumption, an

basis. All crops are grovn
the keah irrigaticon period.

grovwn due to waterw

Swamp

[
<
O

Roi

about 1

s

antinoeriie.

Th e

4}
-~

iy

SWanmp

W
Q
]
o

the scheme,

ivided into 20 blocks,
L6. Egch blogk is
are leased out to the

allocated 1-5

aCTESsS,

lots on the scheme.

OWilT are onicnsg

Maize,

beans.

mers for subsistence

d citrus are

between April and

Between December

wide in some plac

dense growth

by numerous reptiles

the

‘."1'

rare cyprinidoent

pepper
Oma weS
T

cLiL

grown on an

SwWamp

of Papvrus

Tarme

There are 38k

Most of thesse

and water

and vege-
d cal

e con-—

experimental

November which is

essible from

is an expan-

Loboi Bogoria

('i,

Se
~
andGg

and a few

annual fish,

I
L

Q
ek



a range oi hilis
éprouting from the hills.
empty intoe the swamp.
and contains a

ing vegetaztion,

SWamp.

Kapkuikui is situated nezr the Marigsat
PRUL KRS 8

or domestic use and small

Ry

is Tingttivon.

end of the swamp. The first

sWamp.. There is an all seas
passes through this village,
part of it, thereby creating

mosquito breeding in the area.

the Mogotio highlands, about

and is created by small
Run

The water is alkaline {mean pH

dug=ocut canagl draining the sWamp provides the
scale irrigation.

It is located 5 km

streams and springs

off water from the hilills also

8.3)

lot eof decaying organic matter from the cover~

<

There are many smail villages around the

The two largest villages were selected for this study.

the swamp., A

villagers water

The othexr village

from kapkuikui at the other

group of houses is 2 km from the

on river, River Loruwai, which

forming a temporary swamp in some

a micro-envircnment which affects

e

river has its. sgurce in

60 km south of Marigat and empties

o,

into Lake Bogeria some 10 km after Tingttivon.

2.1.4 The Inhabitants

The area is inhabited mainly by the Tugens,

3

numbers of Njemps and

Small family units.

Turkanas.

Several units constitute

with smaller

b

The people are organized in

2 settlement or

a village. Pach family unit has = cluster of 3-6 houses, close
to one another and enclosed by a fence of thorny acacia bran- 5
= J

chres., There is usually a separate house for the head of the /

family, one for the wife and children and cne each for any

= et |
childe ALl of thiese may be shared Bv animals
houses have been built for the animals. The

Peaople normally
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retire for the night around 8.00 p.m. except on special celes
brations such as wedding or when children gather to sing and

play in the mocnlight during the dry seasomnl.

All the settlements and villages are smail. RI and R5

on the irrigation scheme have 40 residential houses each and

150 inhabitants pPer settlement. Endau village is also about
the same size. Kakpuikui and Tingttiyon villages near the
Loboi swamp have 60-80 residential houses, with 200 and 300
ihhabiéénts respectively per village. Hatef for domestic use
is obtained from the irrigation canals in the case of the
settlements near it and from the Loboi swamp in the case of

dents of Endau get their water from

e

the villages near ite. Res

seasonal rivers and temporary pocls during the rainy season

A

'

and from Marigat town (5 km away) during the dry season. An

irrigation schemc which will carry water from the Chemeron

Lrtificial lake to Endau Was still under constructione.

)

2.1:5 Occupation

The people aTe traditionally semi~nomadic herdsmen and

B

animal nusbandry is the most important occupation. The farm

v

animals include cattle; sheep, gecats and donkeys. Most pecple
also keep a few chicken, degs {serve as guards) and pet cats.

Men and animals live in very close promimity, sharing the same
: 3 P Yo 23

Louses or sleeping in separate houses close to one another.
People with large numbers of animals often keep them in open
enclosures within the compound. The animals are taken ocut for

s o~ 9,00 a.me and brought back

w

grazing in the morning, S.00
inwtneQevening (6000 p.m.). Crop farming is on a small sub-

s ce scale by a s minority of the population, ocutside the




irrigation schemeé area but the government is intensiiying
efforts to popularize irrigation farming. The main subsistence
creps are maize; beans, sorghum and bananas. On the Perkerra

irrigation scheme the cash crops are onions, pEepper and water

melon. The resident farmers also plant maize, beans, tomatoces

and vegetables for local consumption,

2,1.6~ _ Housing

Nearly all the houses in the area are loosely constructed

S v i

and semi-temporary in nature (Fig 5). The roof is thatched

i-.l.

with grass or with dry papyrus leaves., The walls are made of

o
O

aciz sticks, plastered with a mixture of mud and cow dunge.

=t

o

zch house consists of a single room measuring 2-2.5 squarvre
metres, and is usually circular in shape. Some of the houses

are elevgted on poles to a height of 1 to 1.5 meties. This

b

type has the sleeping apartment ‘upstairs® while the ground
floor serves as animal house and kitchen. In Marigat township,

most of the houses are of the semi-permanent type, with walls

made of weod or iron sheets and roofs of corrugated iron sheets.

This type is also common at the shopping centres in the

2.2,  Pre-Study Survey and Preliminary Sampling

A pre-study survey of Marigat division Was conducted

ct
ot

early in October, 1985, It involved traversing the area

several time, using a car, a bicycle or on foot {whichever

was more suitable) in order to establish the following:

.}~ Location and extent of the permanent sources of Water.

.

{
. &

{ii} — Distribution of human settlements and their domestic

g

= _sources ¢f wWater,



Thatch-roofed house common in the

study area. -
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therwise of the permanent bodies of
water by roed at different times of the year.
(iv)  Any other topogra phical features of the area which

may be relevant to mosguito breeding and survival,

ct
e

the Perkerra irrigation scheme in orxder to ascer its basic

lay~ocut and essential features, Discussions were held vwith

3 .

the staff of the irrigation board for background information

on the mode of ope

"3
)

ion of the schemes. Discussions were also

o

|..A

3

held with the staff of the Rural Health Centre and the Division

iseases (D.V.B.D) in Marigat for information

i

of Vector Born

on the,incidence and level of malaria. Two
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{baraza) vere organized Wwith the assistance of the locational
chiefs at Loboi and Endau during which the inhabitants were
informed of the propesed project. They were given the out=-

iines of the work, the likely inconveniences it would cause

to them and the possible bencfits that would acrue from it in

I-Jv

the future. Finally, the areas of co-operation and assistance

needed of them especially with regard tc the early morning
5

pyrethrum spray sinside houses, Were discussed and mutually
agreed upon.

From observations made during the pre-study survey and
from analysis of available data, a tentative list of candi-

date localities for data acllection Wwas compiled. Preliminary
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or zdult mosguiito sazmpling, namely:
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g tubes to collect mosqui-

-~
l.h
S

coilection using suckin

©

toes from animal sheds, vegetations, borrow pits, and

ather outdoor resting sites. Ezchh site vwas sampled

for 15 minutes on each of twc visits during the period.

(Li) Suction trap collection which consisted of the use of
a modified Monkswood trap to collect mosqui%oes from
animal burrows and termite hills be;ﬁeen 6,00 pem., and
6,00 a.m., One such collection wWas made every week from
ezch tyvpe of resting site.

{1ii) Early morning collection of indoor-resting mosguitoes
by the pyrethrum spray methode.

{iv}  Use‘cf exit traps to sample mosguitoces that were leaving

the houses after entry between 8.00 p.m. and 6.00 a.m.

The efficiency of the outdecor sampling methods could not

be compared statistically because the units sampled, that is,

ct

vegetation, animal burrow etc, were different in size and i
was very difficult to standardize the catches for purposes of
'compgriS§on° The pyrethrum spray method was found to be
sigﬁifigéntly more efficient than the exi% trap in sampling

houée«haunting mosquitoes. It should be noted, however, that

the two methods sampled different subunits of the populaticne

spray method sampled daytime house~resting mosquitoes

o

Th
consisting mainly of freshly fed females Whereas the exit trap
sampled unfed females leaving the house in segrch oi other

hosts and exophilic members of the populations seeking out-

door resting sites. The exit-trap was discontinued when routine



sampling Was started in January, 1986 not only because of

its_%giEproductivity but alsoc because it was unsuitable for

the type of houses in the study area. Most of these houses
were Without windows, making it extremely difficult te fix
the exit trapss

A larval survey invclving the examination of all the

existing or potential breeding sites vwas also carried out.
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wat in
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Different parts of the major permanent bodies ©

the area, namely the irrigation scheme, the Loboi Swamp,

Lakes Baringo, Bogoria and Chemercon, as well as temporary

pools-and puddles in existence at that time were sampled

once z week by the use ©

-

dips. Ten dips were taken from

4
W

each type of habi

o

&

per sampling cccasion.

The following four localiities were eventually selected
for routine sampling, based on their nearness to the two
main breeding habitats, Loboi swamp and Perkerra irrigation

scheme, and their accessibility by rocad throughout the yeaxr:

(a) Kapkuikui and Tingttiyon villages, near the Loboi

Swamp. These were the largest in size and most po ulated
38 23 S

of the several small, semi~temporary seittlements near

the swamp. The two villages were approximately 5 km

(b)- Locations RI and R5 on the Perkerra irrigation scheme,
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These two settlements were in the middle o the scheme

,'Uvand of about egual sizes. They were appiroximately
3 km aparte
(e) Endau village about 5 km north of Marigat town. There
was no permanent source of water here and it was

o~
£

chosen as an example of a locality wWhere mosguito
breeding depended entirely on temporary habitats

created by local rainfall.

Marigat township was chosen as a fourth sampling loca-
g x 1 o

. - P
tion but was abandoned after onliy two months (in February
1986). There were two reasons for this abandomment -

i

y
g

stly the inhabitants of Marigat township showed extreme
reluctance and very often ocutright refusal to the use of
their houses for spray collection. The explanation for this

was the inconvenience of moving a large assortvment of

household efifects anytime the spraying was done. Secondly

ot
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the houses in Marigat were very differen

construction znd size from those in the other three loca-

D



2,3 General Sampling Methods

2.3.1 Pyrethrum Spray Collection

This method was used to sample indoor resting adult
mosquitoes for wvarious purposes between October, 1685, and
Seﬁtember, 1987. The procedure msed in this study was as
described by the W,H.O. (1975 a)o Since there were 40 - 80
houses -in each sampling location, five houses were selected
in eaéh’of the sampling locations, so that on the average one
house in ten was sampled. These Were sprayed cnce every
fortnight, using a solution of 2,.4% pvrethrum, diluted with
water in the ratio of 1:50, The spraying was done between
6.00 a.m, and 9 a.m. The houses .in the sampling loccations
chosen were very ideal for this method of collection. They

were single~-roomed, without Windows and with very few house-
hold effects. In each location the same five houses were
used throughout the period of the study. Each house in each
location was given a number (1 to 5) and mosquitoes from

each house were put in a plastic tube lined with Tilter paper
with a corresponding number for that house. A1l identifica-

t4-ons,—dissection etc were undertaken in the laboratory.

The mosquitoes collected by the above method were used

(1) for the study of the species composition, relative

abundance and seasonal fluctuations of the indocor resting

-populations and (2) to provide materials for dissections etc

for the study of age composition, sporozoite rates, host

perferences etc,



2:3e2 — Beaxching Method

This method was used to sample adult mosguitoes from

=

different outdoor resting sites, Vegetations around breed-

ing sites and residential houses, animal enclosures, borrow
pits and store houses were sampled twice a month in each of

the sampling locations, Each type of resting site was

H

searched for 10 minutes on each occasion, using sucking

tubes to ¢

(%]

olilect the mosquites.

i

he mosguitoes collected by this method were used to

study the resting behaviour (endophily/exophily), th

e species
diversity and the host perferences of the mosquitoes.

2¢3+3 Suction Trap Collection

A modified version of the miniature CIC trap designed
by Birley and Mutero (pers, comm) Was used to ccllect
mosguitoces resting inside animal burrows and termite hills.

5

The trap consists of a 12 volt motor to which a small fan

has been attached. The motor and fan are mounted inside a
plastic water pipe;, 10 cm in diameter and 20 cm long, sc
that the fan is 5 cm from the lower end of the pipe. The

mector is powered by four 1.5 volt-iterch batteries or a

J

12 veolt-rechargeable batte

-t
o]

ve A collection bag of nylon

attached to ©

<3
fort

ting material i

6]

1e opposite end of the

Lot i}

i1e

¥

.
—~~

pipe (Fig. 6). When ihe trap is switched ong; the fan

03

rotates and any insect that comes close encugh is drawn in

by an up draft suction mechanism into the collection bag.
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Figw-'e 6:  The miniature CDC suction trap used for sampling
. .. Z-animal burrows,



The trap was mounted at 6.00 p.m. and retrieved at
6,00 a;m} the following morning. The mosquitoes collected
by this method were used for the study of the resting habits

and the host preferences of the outdoor resting populations.

2;3;& Human Bait Method

Four catchers, working in pairs were used to collect
mosguitoes simultaneously from inside and cutside holises,.
Twé—becple were staticned inside a house; one acted as a bait
while the other acted as the catcher, collecting any mosquito
landing on the bait with a sucking tube. The two interchanged
roles after every one houre. Simultaneously, another pair
of bait and catcher worked outside another house in the vici-
nity. -Each pair Qorked for three hours every night, between
7.0C p;m. and 1.00 a.m. and the.mosquitocs collected were
dissected for parity. This routine was followed daily for
two months, May/June, 1987, This period was chesen for the
I~

pericd of highest

o

ot

experiment because it fell within th

(O]

mosquito densities in the area (April—September). In

addition, weekly all-night catches were organised, 7.00 p.m.

- 6.00 a.m., over this period., The time schedule for this was

as follows: 7,00 peme - 11.00 pomes; 11,00 pete = 3.00 2.mej

~

3,00 a,m. - 6,00 a.m. This involved 6 teams (12 pecople
working in pairs) = three pairs each for outdoor and indoor

collection respectively. Each pair worked for a maximum
I Y E

of It hours and was then relieved by another pair. In all

cases, vhoever was acting as bait removed his shirt and

ot

rolled up his trousers so as to expose the upper paris of

his bhody and the legs below the knees,

3

o



M

nere was a fortn

shtly reshuffling of the team mates.
This was intended to minimize any bias introduced into the
results by differences in individual efficiency and atirac-
tiveness to mosquitoes (Haddow, 1942). Collecting simul-
taneéusly from inside and outside ensured that partially or
complétely xophagic as vwell as the'endophagic mosquitoes

were collected,

Biting catch méthod was used imn this study
tc estimate the biting cyvcles of the major anopheline species.

Some of the mosquitoes were dissected for the purpoese

of
calculating the survival rates, using the u/n 1liparous
ratioce
2.3:5 Larval Collsction Method: DPipping
Dipping was used for sampling breeding sites foxr larvae.

The dipper consisted of an aluminium bowl, 15 cm in diameter
PP H

and 5 cm deep, with =z handle gbout one meter long. Two
1gcations on the irvigation scheme (RL and R7) and parts of

Toboi swamp Wwere sampled forthnightly hetween January and
December 1986 feor the population Hynani study. Ten dips
were mzde at pre-—determined points in each area on every

i

cccasion. An interval of 2 - 3 minutes was usually

-weenn dips so as to permit the larvae and pupae

(D

to the surface after being disturbed. Where the

water surface was covered with vegetation, as in parts of

the Loboi swamp, the vegetation was agitated and then cleared

off before depping, in order to disiodge any larvae clinging



toc ite The larve wWere removed by pippetting into bottiese

cax

g...:.
;.e.

They wWere traensperted live to the luaborvatory for identif on

and countinge.

This method was used to monitor the active breeding sites

Q
-{j
o
o
@
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5
H
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species throughout the period of the s tudy e

T4 was also used to study the population dynamics of the aquatic
tages at different times of the year at both Loboi and
Perkeriaoe

2.4 Tdentification of Mosquitoes

£11 icdentifications were made in the laborator}

tr

@
°
9
Q
ot
iy

adults and laxvae Were identified. ©On every sampling occasion
some of .the larvas collected were reared 1o adults in the
taberatory. <The adults which emerged from these larvae were

identified independently to crossecheck the previous identie

=

A

Fication. ILIn cases of doubt or whewxe a specimen could mot
be identified by us at Marigat, the specimen was sent to the
Hational Muséum {Natural Sciences Division), Naircbi, for
identificatione

The keys used in the identification of the mosquitoes
were those developed by bawards (1941}, Mattingly (1944},

Hepkins {1952), Gillies and De Meillon (1968), and Highton

{1983).
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Qiagramg to have a rectilinear relationship €

variable (y) This type of datawvas cocllected in
of investigating the followingse
{a) the relationship between the relative
of Anophel.: mesguitoes and changes in climatic
rainfall, relative humidity, temperature, and

et
e
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i
n
o
b
o
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b) the rela

P

pre-imagines and their developmental timee.

us

ch one wvarisble (x) appeared,; from a

(c) the relationship between sporazoite

e

1 i thd

L9

abundance

factors such

windspeeds

etween the numbers of mosquito

infection

rates in mosqguitoes and the prevalence of malaria in the

In.each of these, the correlastion ceoeffici

o

was celculated as a measure of the degree b

ent {r)

which x and ¥y

vary together, using the methoed of Parker {1979)° The

Lo}

calculated value O

Q
o)

value on a table

=ty

the significance ©
2 2

r was then compared to its corresponding
critical values of T in order to test

the observed rectilinear relationshipe

The vaiues of » and 1T = T were also calculated to estimate

what proportions of the wariance of y were associated and

not associanted with = in a linear regression { Snedecor and

Cochirany 1680}



Rs3s2s KEGRESSION aND ANALYSIS OF VARIANCE (ANOV.A)

The establishment of a significant rectilinear
relationship between two variables; x and y, by calculating
the correlation coefficient r, does not prove a causal
relationship between the two (Snedecor and Cochran, 1980}
Baileyy 1981). A regression analysis is needed before
any such conclusion can be made on whether changes in the
values of y are @used by changes in the values of x. Therefore
in ﬁhérﬁivariateunormal data mentioned above a regression
analysis was doné if the value of 1 was significant at 5%
or lower. The regression equation, y = a+bx, was used to
estimate "b", the coefficient of regression from the sample

data, and "a" the intercept (Parker, 1979),

After the regression line was fitted, the significan;e
of the regression was tested by an anaylsis of variance,
especially in those cases where the points were well-spread
about the regression lIine., The F-ratio calculated was then
compared with corresponding values on a table of F-ratios.
It was therefore possible to conclude whether or not there
Was—a—linear relationship between x and y in the parent.

population,



258 34 Life~Table Analvsis

The stage~specific survivorship of immature Anopheles

mosq@itbes in two habitats in the study area was calculated
usi;éLthe procedure outlined by Service (1973), The number
entering each stage (51) was estimated from the survivorship
cufﬁe?& The survivorship from 1st instar to adult was then

caléulatgd as 87 (adult)/s; (1st instar) while the "Killing
Power" K (Varley et al 1974) of each stage was calculated as

leog, .5

ke oy S
» e | ) N i
3071 8107141

s

Life~tables were also calculated from the survivorship
curves using the method of Southwood (1978). The tables
contained the following columns:-

X = age in days
Nx = No surviving to age x
1x = No per 1000 surviving to age x
dx = mortality between ages x and x+1
pPX = probability of surviving from age x to x+1
gx = probability of dying between age and x+1
ex = expectation of life remaining for individuals
of age X,

2.5k Chi-square (Xg) Test

i

In the study of rates of infection with malaria parasites
among school children the chi~square test (2x2 table) was
used to test the significance of the differences in infection

<4

tes between different schools at different times of the vear.



2 <55 Formulae for Survival Kates of adult Mosquitoes

i
-3

he mean parous formula (Macdonald 1952) as modified
by Davidson (195@) was used to estimate the daily survival
réﬁes,of adult mosquitoes, According to this formula, the
average:- survival rate per oviposition cycle, B, is calculated

as follows:

P = Total parous (1)

Total caught

The daily survival rate (Pi) is obtained from the following

egu tidn: D_ = 13 N
= I "p v (2)

where n is the duration of the oviposition period in days.

2.5.6 Transformations

Thie followihg transformations were made on some€ of the
data before analysis:
(a) Log x+I transformation was uséd for the number of
mosquitoes caught in monthly samples, before they could
be plotkted against rainfall, temperature, etc, This
transformation was necessary because the values of the
catches varied widely and containéd some zero catches
:(?arker, 1979)«
(b) Log x transf&rmation was used for the median age numbers

of mosquitces before plotting them against developmental

time because of wide wvariations of their values,



CHAPTER 3
___ _  SPECIES DIVERSITY AND DISTRIBUTION

3.1 Introduction

"in studying the ecology of malaria vectors in any
localityv, it is necessary to identify and document all the
othef ﬁosquito species which share the same breeding sites
and,ﬁosts with the target species. This is because since all
the QESQuitees breeding in one habitat compete for the

available resources such as food, space; shelter etc., know-

ledge of the distribution and relative abundance of fthe non-

e

vectors may be essential in understanding the population
dynamics of the veétorsc Such a knowledge can be exploited
when devising control measures,; for example in situations
where there is competitive displacement of oné species by
another (Subra and Dransfield, 1984)

Mosquitces in the parts of Baringe district covered in
this study were found to breed mainly in three types of

habitatss

(1) The Loboi swamp

« ) . . .
(14) The Perkerra irrigation scheme
(iii) Temporary pools such as hoof-prints, borwow pits,
car and tractor tracks etc,

The first two were large permanent bodies of water which

supported mosquito breeding round the year while the third

W??e_transient and appeared only during or soon after the rains



Rainfall, by creating new breeding sites such as the
temporary pools and by replenishing the permanent ones such
as the swamps, determines the seasonal distribution and
abundance of mosqguitoese. Other climatic factors like tem-
perature, relative humidity, and windspeed affect the survival
and activity patterns of adalt mosquitoeé (Mgirhead—Thomson,
19823 Brﬁce—ChWatts 1985), The population dynamics of the
ma jor malaria vectors in the study area, namely, Anopheles
ggmbiae,and A, funestus were studied in relation to the
follb%ing climatic factors: rainfall; temperature, relative

humidity and windspeed.

Fe2 Materials and Methods

The mosquitoes used for the study of species'diversity,
distribution and relative abundance were collected using four
methods:

(L) Pyrethrum spray collection

(ii) Use of sucking tubes

e

iii) Suction trap collection

N

(iv Human bait method.

The details of these methods of coliection were given in

Chapter 2, section 2,3 and 2,4.

Fe3al Species Diversity
A total of 17 species of mosguitoes were coliected and

identified over the 2~year period, October 1985 -~ October

1587 . Seven of these .were of the genus Anopheles while ten
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helonged to various genera of the tribe Culicini. Seasonal
changes in species diversity (@laces and periods of collection)

are summarized in Table I

Table I Summary of Places and Times of collection of

various Mosquito species,

SPECIES LOCATION PERIOD SITE

A,gambiae Loboi A1l year round Indoors¥%, T.H, A.B
Perkerra . " o " "

tH .
Endau May - December B "

13 R

A.funestus Loboi A1l year round Indoors®, T.H, A.B
Perkerra Feb,- Mar., o o . 7

Aug.- Oct, " " i
A.pharoensis Loboi May - December Indoors, Vegetation

near animal enclosures¥

A.coustani Loboi - May - August

Vegetation hear breed-
ing sites
Aecziemandi
A.salbaii Loboi January - April Indoors

A.logipalpis Loboi
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Table 1 Summary of Places and Times of collection of

J

the various Mosquito species (CONTINULD).
SPECIES LOCATION PERIOD SITE
A.rufipes Loboi Jan.~March Vegetation near

breeding

sites

Mansonia

africanus

Loboi Oct.-Dec., Indoors,

Vegetation
Perkerra Jan.-4pr, around human

houses

Aedes aegypti Marigat town April - QOctober In and near human
houses
Ae,furcifer Loboi April - July Vegetation

near animal

enclosures

Lacustris

Ficalbia

hispida

Loboi . Jan = Apre - - - TIndocrss




& Bl -

giwzombiensis Marigat town All year round Indoors® A,B.T.H
Vegetation.
_.(:_)E 'jm!ingue" LObOi 1 " 1" " §i
fasciatus Perkerra Feb,~December 1 " 0
Endau " i -
Cx.poiclipes Loboi January - Indoors

Cx,vansome~

April

rini

KEY :
* = Mest imporitant collection site,
A.B, = Animal burrow
T,H. = Termite hill

363:2 Seasonal Abundance

The results of

~

the pyrethrum spray catches

from the

four sampling locations for the pericd January to December

8

[

-t
O

species'!

are summarized

collection fTrom

ratios are given in Appendix 1

. » The details

of

location, includin

3

r



From Table 2 it can be seen that during the hot drv

(e gl ok
=l g

season (January - March) A.pambiae was the most abundang

species at Kapkuikui (Loboi) and Perkerra, followed by the

culicines. But at

~e
1

ingttiyon (Loboi) and Endau village the
culicines weremost abundant at this time followed by é,pambiae.
At Kapkuikui, A.gambiae numbers increased steeply in April
following the onset of the rains in March, reaching a peak

in May. There was an equally steep drop in June and there-
altér the numbers remained moderately high and steady till
August; From Septembef there began a steady decline in numbers
up tec December (Fig. 7). At Tingttiyon there was a slower

but steadier increase in A,.gambiae numbers from March, reach-

¥

ing a peak in June and then dropping gradually to a low level
in September. Between October and December there was another
increase in numbers with a peak in November equalling that of

June (Fig. 8).

™

The seasonal abundance of A.,funestus showed three

clearly defined population peaks during the year in the Lobeil

swamp area. The numbers increased steadily from January

N

skuikui ) respec-

i

=y

until March (at Tingttivon) and April (at Ka
tively. Thereafter there was a decrease in numbers during

the heavy rains,
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oWwest and the 'third in
October/December the highest. Zach population peak occurrad
during a month of high rainfell relative to the preceseding

month (see Figs, 7 & 8}, At Kapkuikui, A.funestus was more

(53

abundant than A.gembilae durin

he pexriod August - December,

0

but ot Tingttiyon this type of situation occurred only betveen

Qctober to December,

At the Perkerra irrigation scheme, A.gambise numbers
remained lovw frem January te May and then began to increasee.
The increase was most pronounced,; however, frém'June up to
feptember when the highest population peak was attained., There-

after there was a sharp drop vwhich continued up te December

(

o)

l-h

gog)o Anopheles funestus was comparatively very scanty

(t

L1y T

irrigotion J.o.eme niea. Only 28 of them Were collected

T
(0]
(e
)

by

een January and LDecemberw 1986, ©BSiyx of these were caugit

in Februarvy and March (3 each month) and the rest were

o

ught between August and October (see Table 2},

At Endau village sampling for seascnal abundance studies

wes done from March to December 1986, Ancpheles gambiae Was

first collected in May and its population peak ¥as attained
in July {(Fig. 10). There was a sharp drop in August, then
a slight recovery in September before the final drop whnich

continued up to December. A. funestus was virtually absent

.

n this location, with only a single individual of it collected

over the entire sampling period {Fig. 10 and Table 2).
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g,zombiensisy Q,quinquefasciatus and M.africanus were

the only culicine mosquitoes present in Loboi and Perkerra
locations throughout the vear. At Endau, they were very few
or totally absent between Mav and December, All culicine
species were pooled for all types of analyses. Their numbers
reached a peak in all locations in April, about one month
after the omset of the long rains. The numbers declined
rapidly during the heavy rains and remained low till the end
of the cool dry period. The numbers increased slightly

again, October - December (Table 2).

3.3:3 Effect of Climatic Factors on Mosquito Abundance

For the purpose of relating filuctuation in mosqguito
numbers to seasonal changes in climatic conditions in Marigat,

the year was divided into four distinct periods namelys

(i) January-Marchs- This is the main dry season and
is characterized by high temperatures, 1loW relative
humidity, strong dusty winds and very l1little rains.
(idi) April-June: This is the long rainy season charac—

terized by heavy rains, moderate tmperatures,
et T high relative humidity anu low windspeed.
e e s . . 3 .
\111) July-September: This 1is the cool, dry period

with moderate to low temperatures (especially

at night), low windspeed, moderate relative

AP 3 = . s
Wiv) November-December: Period of the short Tains,
characteriszed by little to moderate rainfall,

high temperatures, moderate relative humidity
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and windspeed. October is a transition month
usually characterised by high temperatures,

= little or mo rains and strong dusty winds, like
the type Jjust before thelong rains in February-

March,

The mean values of these various climatic factors
for each period are summarized in Table 3, using the 1986/37
meteorological data recordedAat the Perkerra Agricultural
Research Station, Marigat. The complete meteorological
data for the entire period, Septembe 1985 = December 1987,
during which the .data for this projéct were collected arc

given in Appendix 3.



Table 33 Summary of mean climatic conditions during

different times of the year at Marigat in 1986 ~ 1987%

0
Rainfall Temperature C Relative [Tumidity & Windspeed

Period-  (mm). Max. Min. AJM, P.M, (mph) .

Jan.-Mar. 5.6 35,0 18,0 48,0 30.3 693
36.6 34 .4 18.2 65.0 - L2 .9 67.9

Apr.=-Jun. 106.0 31.7 18.2 76,1 18,8 Wi b
120.,7 B34 o 15.8 64,8 L1.5 36.5

October ) 2.6 17,2 58,0 35.7 68.7
7ok 3663 19.1 LGl 29,5 66,5

Nove=Dec, 16,7 34 .9 18.1 50 .4 504 56,7
40,0 - 34,2 18.2  56.8 38.2 55,9

%+ Lower figures are for 1987 .

The rvelationship between rainfall and the relative
abundance of the two main malaria vectors in the Lobei swamp

area, A.gambiae and funestus, are shown in Figs. 7 and 8. The

?

steep increase in é.ganbiae 2t Kapkuikui occurred in May, one
month after the rainfall peak in April. Therewas also a siight

increase in numbers in July, following the heavy rains in Junee.

For A.funestus in this location the first of the three

population peaks coincided with the April rainfall peak,
following initial low rains in March., The second and third

cs in August and November similarly followed relatively
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1ow rainfalls in the predeeding months of July and Semptember
respectively (Figure 7). At Tingttiyon, the steady increase

in numbers of A.gambiae reached its maximum in June, two months
after the hhigher of the two rainfall peaks (in April) and
coincidental with the second lower one. For A,funestus the
first of the three population peaks occurred in March, the
first month of the rainy season., The second and third peaks

in August and October followed relatively loﬁ rainfalls in
July and September respectively as was the case in Kapkuilkui

% \
(Fig. 8)

/

Scatter diagram (Fig, 11) shows that there was a strong
positive correclatiﬁn between rainfall of the preceeding month
and ég'gambiae catches at Kapkuikui. This rélationship was
highly significant (% = 0,737, F = 17.93, 1/ 0.01). The corre-
lation between rainfall of previous month and A.gambiae catches

at Tingttiyon was not siénificant (r = 0,399, p > 0.05, Fig. 12).

There was also no correlation between rainfall of previous

e

month and A.funestus monthly catches at both ocations as shown

T

in Figs 13 and 14 (r = 0,076 and r = -0,12), for Kapkuikui and

Tingttiyon respectively.

 _The situation at the Perkerra irrigaticn scheme Was
entirely different., The first steep increase in numbers
occurred in June, two months after the first rainfall peak,

But mosquito population peak wWas not attained until September,

ty

ct

three months after the end of the long rains (Fig. 9). There

was only a weak positive correlation between rainfall and

A.gambiae monthly catches which Was non-significant at 5%.

¢ -~ . 3
(r = 0.22, Fig. 15},



At Endau village, no A.gambiae mosquitoes were collected
between March and April, probably due to no rainfalls in the
preceeding months of January-February. A.gambiae was first
collected in May and the population increased steeply until
the peak Was attained in July, one month after the second
rainf‘all peak (Fig. 10). There was a significant positive
correlgtion.betWeen rainfall of previous months and A,gambiae

monthly catches (r = 0.693, F = 7.40, p £ 0.05) as shown in

Fﬁ)gc 169

Fu3 362 Effect of Temperature and Relative

Humidity on Mosquito Abundance

The seasonal variations of the two major Anopheles
species in Marigat relative to changes in temperature and

relative humidity are shown ir

)

Figs. 17-20. Temperature and

[¢3

relative humidity arve.con

Ldzred together here so a -~
to highlight the close inverse relationship between them. At

Kapkuikui the population peak for A.gambiae was reached

I

between April and July which correspended to the pericd of

the year with the lowest temperatures (Fige. 17). That is,

D
H
®
i,.d
o
)

there was an invers tionship or negative correlation

between temperatures and nunbers of mosquitoes colieccteds As

+

cemperatures fell with the onset of the rains in March,

Tty o En - N E i
When the temperatures agalin

mosguito numbers rose sharplye.
began to rise after July, mosguito numbers dropped abruptly.
This negative correlation between mosquito numbers and

. g <7 0 2 o8 . ot { -~ ==
temperature was significant at 5% {(r = =0.636, F =6.128,
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Ty

joR

preopertional

showed a strong

< 0.05)

~

as shown in I erature is

inverselyv

to Anopheles gambiae catch

bgt%één April and July when R.H. was highest (Fige ‘,',7)° This
correlation was highly significant (r = 0,674 F = 7.49, p £ 0.
as shown in the scatter diagram (Fig. 19).

For 4.funestus, the three population peaks
August and November correspondzd to periods of moderate
temperatures and 'relative humidities., The highest numbers
of this species were collected between October and Decemter,
o period of high temperatures and low relative humidity.

The pattern of seasconal distribution of £f~ambia0 at
Tingttiyon aud Endau with respect to changes in tempernture
and relative humidity was similar to that at Kapkuikui. Thus
the peak populations were attained between May and July when
temperatures were lowest and 'relative humidities highest
(Figs. 2C and 21), For A.funestus at Tingttiyon, the highest
numbers vere collected between Octeber and December when
temperatures were relatively high and relative humidity low

At Pervkerray; unlike

L OIS ¢

e

1ie Loboi and Endau loca

A.gambiae peak populations did not coincide with the periocd
of_ lowest temperatures and highest relative humidities, Jjust
as it did not coincide with the periocd of maximum rainfalls
(Fig. 22)

AV ’ eS
positive correlation to relative humidity at
« The highest numbers of A.gambiae were colliected
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3636330 Effect of Windspeed on Mosquito Abundance

The relationship between windspeed and the seasonal
relative abundance of the two major anopheline species are
illustrated by Figs. 23 and 2l for Loboi and Fig. 25 for
Pefkérfé. The highest windspeed occurred between January and
March which was also the driest and hottest part of the year.
Wind velocity Was also very high in October. As wind velocity
decreased as from April, A.gambiae numbers increased, reaching
their maximum in May at Kapkuikui and in June at Tingttiyon.
The loﬁest wind speeds prevailed between June and Auguste.

Thus there was an inverse relationship between wind velccity

and the numbers of A,gambiae collected. This negative

correlation was significant at Kapkuikui (v = ~0,689, F =
& \ H

(v

8,14, pl0.01) as shown in Fig. 2L, TFor A.funestus in thess

©

two locations the population peaks coincided with periods
of high wind velocities between October and December,
Again the strong correlation between A.gambiag catches and

windspeed wWas probably due to the cross—correlation between

the latter and rainfall,

At Perkerra the period of very high wind between

January and March was marked by low A.gambiae catches. Catches

remained low upto June despite rapid drops in wind wvelocity
between April and June (Fig°25), The highest numbers of

mosquitoes were collected between July and Septembher

correspending to a period of moderate wind velcocities.

At ¥ndau village the highest

e}

A.gambiae

the month with the Iowest wind 1

atches were in July,

w
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Thus in this location maximim mosquito catches coincided with

optimum windspeed condition as Was the case with the other

climatic conditions already discussed,-

The relationships of these climatic conditions, rainfall
temperéture, relative humidity and windspegd, with the
reitative abundance of the two major malaria vectors in the
study area are summarized 1in Tables 4 A and B, Table 4A
gives the wvalues of the coefficient of ceorrelation, =»
the climatic factors and the corresponding mosquito catches
as well as‘the F-ratios which indicate their levels of
~

v F . 3 5 - > =
Signiticance. Table 4B gives the vaylues of T and fers

/

According to Saedecor and Cochran (1280) » represents the

Y,

»
[0}

estimated proportion of the variance of mosquito catche

o

which could be attributed to its linear regression on the

Fal
L

1
-t

o=

¢

o}
!

correspending climatic actor, x, whi] r™ is the proportion

free of it. It can be seen that at Endau the variations of
mosquito catches associated with rainfall, temperature,

.

elative humidity and windspeed was 0.5, 0.65, C.11 and 0,61

-

vespectively while at Kapkuikui, Loboi it was 0.34, 0,40,
O &5 and 0,46 respectively. In all the cases where r was
nensignificant, there was virtually no association between

the two variables,
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Vyree o Y P I S T d s R . R P .
Sumitary of the relationship bectween Climatic Factors and

A
Relative Abundance of Anopheles mosquitces.

CLIMATIC CORRELATION ANALYSIS
_ LOCATICN SPECIES FACTOR Type r Value F-ratio Level of
R significance

A. gambiae Rainfall +ve  +0.583 5.17 *
Kapkuikui i Terp. -ve  -0.636 6.128 *
(Loboi) B R.H. +ve  +0.674  7.49 %%
" Windspeed -~ve  -(0.67¢ 7.€9 *k
A. funestus Rainfall -ve -0.053 ~ 1,8,
" Terp . -ve  -0.094 - N.S.
" R.H +ve  +0.302 - N.S.
N Windspeed -ve -0.032 - N.S.
Tingttiyon A. gambiae Rainfall +ve  +0.49 ~ N.S.
(Loboi ) " Termp. -ve  -=0.36 - N.S.
" R.H. +ve +0, 658 6.86 L
7 Windspeed -ve  -0.303 = N.S.
A. funestus Rainfall. -ve  -0.053 - N.S.
7 Termp. +ve  +0.126 - N.S.
" R.H. . +ve  +0.089 e N.S.
B Windspeeg +ve +0.05 - N.S.
Rl A. gambiae Rainfall +ve  +0.25 - N.S.
PERKERRA Temp. -ve  -0,548 - N.S.
R.H. +ve  +0.359 - N.S.
- Windspeed -ve  -0.442 - N.S.
ENDAU ' Rainfall +ve  +0.704 7.97 X
Temp -ve -0.805 12.91 whE
= R.H. +ve  +0.33 - N.S.
Windspeed -ve  -0.781 10,86 il
*, %% 4%% = gignificant at 0.05, 0.025 and 0.01 respectively

Z
.
vy
o

i

= Nen-significant
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variance of Mosquit

jated with Climatic Factors in

Catches

CLIMATIC CORRELATION ANALYSIS
LOCATION SPECIES FACTCR Type cCoOrr. Azsod, Mot Assoc.

z coeff.r < 1-r2

' E. +va  +0.583 0.34 0.66
Kapkui ku -ve  -0.63€ Q.40 0.60
{(Loboi)} " R.H. +ve  +0.674 J.45 0.55
K -ve  =0.879 g.4¢ 0.54

A, funestus Rainfail -ve  -0.053 ¢.003 0.997

K Temp. -ve -0.094 0.00% 0.921

i R.H. -ve  +0.302 §.091 0.90¢
B Windspeea -ve -0.0G33 £.001 £.99%9

Tingttivon A. gampiae  Rainfall  +ve  +0.49 0.24 0.78
{Loboi) v Ternp. -ve  ~0.36 0.13 0.87
" R.H. +ve  +0.658 0.%5 0.57

" Windspeed -ve -0.503 0.25 0.75
A. funestus Rainfall -v2  =0.053 G.003 0,997

" Teri. +ve  +0.,126 §5.02 '0.98
i R.H. +ve  +0.089 G.008 0.99:z

; Windspeaed +ve  #0.05 0.0G3 0.997

R1-" A. gampiae Rainfall +ve  +0.,25 0.25 .94
PERKERRA Temp. —ve  -0.548 .30 0.70
R.H. +ve  +0.359 1 0.87

Windspeed
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Sl Discussion

3.4.1 Species Diversity and Distribution

Marigat division of Baringo district, Kenya is semi-
arid, dry, dusty and sparsely forested, with an annual rainfall
of abdﬁf 600mm, Despite this dry climate, there is a great
diversity of mosqguito species in the area aﬁd breeding is
maintained all round the year in some permanent beodies of
water, The most important of these with respect to mosquitoe
breeding were found to be the Loboi swamp and the Perkerra
irrigation scheme. Seventeen species were collected and
identified in the course of this study, all of which were

found to breed in the Loboi swamp while five were found to

!.I-
=

breed the irrigation scheme. Other permanent bodies of

n the area included the Chemeron artificial lake and

}.I-

water
lakes Bogoria and Baringo. Mosquito.breeding was very minimal
at GChemeron probably because it has only been created in

1985 and the water level was still fluctuating greatly. No
mosguito larvae were collected firam lake Eogoria during two

vears of sampling. This was probably due to the high alkalinity

and salinity of the lake water (mean pH = 10.15; percentage

salinity = 2.8 (equivalent of 105% seaWater),(McCall 1967 ).

A.zambize and A.funestus vwhich were the most abundgnt species
in the area are known to have lewer salinity tolerances of

2.0 and 0,73 (equivglent of 75% and 27h seawater) respectively,

I3

(Giliies and De Meillon, - 1968; Mosha and Mutero, 1982).



and identified, only three of them axe considered imporiant

with respect to the objectives of the study., These are the

malaria vectors A.gambiae Sole, A.funestus and Ac.pharoensis.

Incidentally these three were the first, second and fouréh

most abundant species in the area respectively, and the follov=

he

ing discussicn is vestricted to them, Co.guinauefasciastus which

P23

was the third most abundant species is mentioned cccasienally,

whenever there is a need to highlight the similarities or

.

groups of mesquitoess

Anopheles gambiae, A.funestus ard Culex guinguefasciatus

were found to breed all yearAround in parts of the Loboi Swamp.
L,rvae and gonocactive females were collected every month over
the 2eyear sampling periocd. The ancphelines bred in the main
body of the swamp which wWas open and sunlit at some points but

was covered with both floating and emergent vegetations in

l

most parts. The culicines bred meinly in marginal areas of

the swamp that were being constantly gr@aed by domestic animals
and whose water was usually pclluted with animal dung and
rotting vegetations. All the cther species, including A.pharcen=

ollected only at certain times of the yeaXe. Two

E
Ei,
B
g}i:;

Sis were C
species, namely A.gambiag and C.guinguefasciatus, vwexae feund

n the Perkerra irrigation scheme,

[

breading all round the year

the former in Lemporary pools resulting from intermittent
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fleoding of farmlands and the latter in cideyx pocls contaiie
ing decaying vege etation. A.funestus was very scanty whilie
wcmnrroen 548 wWas cgwpletely asbsent in the irrigation scheme
arede

e

@

en recorded as being widely

These four species have

distributed in cother parts of Kenyae A.gamdiag S.8. is reported

3

as the predomingnt malaria vector in the more humid parts

E

of the country, including the Lake Victoria basin, and ccastal

. ensis is the predominant vector in

B
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he semi-arid and savanna areas such as the Tana River basing
Taveta Savanna and MWea highland area (Ssymes 1928, 194 0¢ HadoW,
igh2; Mosha and Subra, 19823 Mutero, 1985). These authers

also recorded A fupestus as being sympatric with the two gambiasg

species 4n most of the areas mentioned, A.pharoensis is

_reccrded as being widely distributed in Trans-Nzoia and
Kitale (Symes, 1931a,b), in Kisumu (Haddow, 1942) and in

é

various parts of the coast (Van Someren et al.s 1955) e

Eeqﬁinquefasciatu@ has been reported as breeding in

latrines, sepbtic tanks peri-domestic conta1nera and tree holes
in Mombasa and cther coastazl areas {Van-Someren 1955) while

Surtees (1970 ¢}, Chandier and Highton {(1975), and Chandler

{1976) found it breeding in vice fields in Aheve and Kano
plains, According to Subra (1980), latrines, soakage pits

and septic tanks are the most widespread breading sites in
most ooubtrlosg thus associating this species closely vith
urbanisation., From intermitient sampling in Marigat town iship

duxring the present study the species was found breeding
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7

rolifically in these tyvpes of sites gznd was the mosi abundant
3 I a a

U:

mosquito in the towii, DBut in the lccationz where routine

sampling was done no such ‘urban' breeding sites were availa-

“o

; s s
iized swamp and irrigation

bie and the species readily uti

ater containing decaying organic matter,

3.4.2 - Seasonal Abundance and Effect of Climatic Factors

According to Haddow (1942}? in places where temperature
is adeguate for breeding throughout the year, d.gambiae,

being-almost entirely a puddle breeder, depends largely on

=t

3 ey

ocal rainfalls,; except in places where residual po in
empty river beds in the dry season provides suitabl

e breeding .

rounds, In the present situdy, there was continuvcus breeding

g
in both the Loboi swamp and the Perkerra irriga n scheme

and it was only at Endau village that the breeding of this
species depended entirely on the local rains, However,; in
thhe twe locations at Loboi, napk”‘Rui and Tingttiyon, as
well as at Endau the population peak for A.gambiae Was
attained during the long rainy seascn, April to July. It
was only at Perkerra irrigation scheme that the attainment
of maximum population size did not occux during the long
rains, There were drastic rveductiions in numbers in all the

-

locations during the hot dry season (January-Marclhi)

In the Loboi locations and Endau, there was o steady
increase in A. gambiae numbers with the onset of the rains
in March which contnued until a maximum was reached in May

Ti1 =Y

at Kapkuikui, June at Tingttiyon and July at Endau. It

would appear from this that the correlation between rainfall
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and monthly catches would be well marked, However, wihen

the coefficient of correlation r,; wWas calculated it was
non-significant in all three lccations. This implies that
although the seasonal abundance of A.gambiae in these places

was comnected with rainfall, the relationship was not a

direct one. There arve two possible explanations for this:

(i) Even though rainfall affects mosquito numbers by
creating more breeding sites, temperature and relative
humidity which regulate aduii longevity may be more
important in determinatining the final population size.
By influencing temperature and relativeihumidityg
rainfall has an indirect effect on survival and
hience on>population size (Gillies and De Meilldn,

1968; Bruce-Chwatt, 1985),

(11) A. gambiae takes between 10 to 15 dafs to develop
from egg to adult under optimum temperature conditions.
There is therefore a time-lag between the emergence
of new adults and the rainfall that creaéed the
breeding sites

The fluctuations in temperature and relative humidity

@ere too littlie to have had any profound effect on population

sizes (see Table 3), thereby muking the first explanation

most unlikely, In order to eliminate the effect of time

lag; ﬁosquitb monthly collections should be plotted against

the rainfall of the preceeding months, When this was done,

the correlation was significant at Kapkuikui, Loboi (r=0.

Y

C
Uit
p -

a
?

563, F= 5,17, 1£0.



iaddow

guantitative., He found that the population in the first

ot

month of increase Was proeportional not te the amount of rain
that had falillen but tc the population in the nreceeding month.

not ghserved in the
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present case,

Where brecding occurs mostly in a large body of water,
heavy rainfell may have the effect of inundating the breeding

sites with floocd water and washing away the larvae, thereby

o
4

\n

L]
-
03]
e
9]
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causing a decre:se in numbeds situations peak

f.']

poepulations are attained mainly tovards the end of the rainy

‘geason (Se*;ice, 1963), or several months after the rains

have stopped completely. Thus Dunkeer and Omer (1986} found
J

an inverse relationship between the Hile water level and

Ac.arabiensis producticen in nothern Sudan-the population density

was lowest during the flood season (July - October)
increased as the river flow decreased betveen November and
June, Saow et al., (1987) found that the peak collection of

A.gambiae females in a wiverine area of the Gambia occurred

3 months after the onset of the heaviest rains,.

At the Perkerra irrigation scheme, there was alsc a

Steady increase in A.gambiage numbers starting with the onset

of the rains in Marvrch which continued until a population
Peak was reached in September, three months after the rains

11

;.._

= have stepped., There was no correlation between rainfa




and mosquito catches, even when this was plotted against
previous months' rainfall. The population fluctuaﬁions seemed
to depend mere on irrigation practices adopted here than on
rainfall patterns. The main channel leading from the dam was
the only part of the irrigation system that carried water
permagently. The secondary canals branching off from this
and the feeder canals leading into the cultivated fields were
filled with water only once a week. The basins in which

crops were plauted and the fTurrows separating them irom ofne
ancther were thus only flooded once a week to a depth of

about 10 cm. The puddles formed.as these and the.canals dried
upgbprovided suitable sites for A.gambiae breeding. During
the dry seascn, however, many of these dried up too auickly

to a%low the completion of life cycle by the mosquitoes.  In
the rainy segson these puddlesvincréased in mumber and lasted
longer. There vere also additional sites created in car
tracks, burrov pits etc, accounting for the vapid increase

in numbers at this time.

There is also the practice by the irrigation board of

diverting excess water from the main channel into disused

canals anytime there was very heavy rainfall so as to prevent
tire——former from overflowing its.-banks. The flow of water

in these relief canals is slower than in the irrigation

canzls and therefore suitable for mosquito breeding. They

became particularly ideal breeding sites for A.gambiae at
the end of the rains when they begin to dry up, creating

iLarge stagnant pools in the process. These are mostly respon-

sible for the peak populations between July and September,



Portions of these pools thiat bDecome contaminated with decay-
ing vegetation from harvested crops oy wecded farms also

C.quinguefasciatus.

== Rainfall has an inverse relationship with temperature
windspeed and a direct one with relative humidity, and is
therefore cross-correlated to all three of them, Thus at
Kapkﬁi“ui where mosquito monthly catches has a significant
positive correlavion with rainfall, the maﬁthly catehes,

12s a significant negative correlation

ot
ct
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3
pe=d.
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=
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windspesd and a significant positive correlation with relative
humidity. The same type of situation was obtained at Endaug
except that the relationship between catches and relavive

[2h)

Table L?-A}vo T

Tingttiyo

humidity was non-significant (see
and Perkerra where there was no correlation between mosquib§
catches and rainfall, the relationship between catches and
temperature, windspeed and relative humidity were alsc non-
significant, except for relative humidity at Tingttiyon,

{see Table kha).

Table 4B illustrates the point that the steng linear
correlation between mosquito catches and some of thie climatic
factors did not in . all cases imply a close association

between them. Thus at Loboi only about 40%, on the average;,

'-J'

of the A.gambiae catcheswas associated with changes in climatic

ns., At Endau

Q

+

facto

"5, inspite of the strong linear relati

the association between cluanges in A.,gambiae and changes in

(0]

climatic factors was stronger, except Tfor relative humidity.
- / o~ - ~ . A ~ - s
It ranged from 50% for rainfall to 65% for temperature., In

all instances, however, care must be taken in interpreting



cut evidence oi association petween two variables is o

(=

Yhere temperature; relative humidity and windspeed

b 85

wm

are important ;in regulating mosquito numbers, they do so

by regulating adult survival and longevitye Wind also affects

activities such as feedingy flight range and oviposition

b 2)

Giilies and De Meillon, 1968; Bruce-Chwatt, 1985). LIf this

2095
was the case in thhe present study, then both éoggggigg and
AL funestus would have significant 1inear relations with these
climatic factors, since they would affect the survivallof the

two speciles equallye. But there vas 1o 5ignificant correlation

between'&,iunestus numbers and any one of these factors,

of mosquito numbers 1M this CAB€.

The significant correlation observed between A, gambiag

numbers and these threg climatic factors at Kapkuikuil and

Endan sust therefore be the result of thelz cross~corre1ation

to rainfalle The non-correlation of A,gambiac relative

shundance to rainfall at Perkerra wWas due to certaln agricul-

tural pvactices adopted oi the irrigation scheme, @S5 explained

above, while the non-significant correlation of A, funestus

aumbers to rainfall at fohel wWas probably due to some

+ic features of the breeding sites, as explained

»characteris

heloWs



Service (1963) found that at Kangimi, neax Kaduna

in northern Nigeria where small marehy patches of ground
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nrovided suita ites, A.funestus was almost

Ps
u

as common atS A.ganbiae daring the rainy season but in the

early dry season it became the dominant species. On the
3 S5\ . 1 < . - .

other hand Symes (1934; in Xenya and Gibbins (1933) in

wo seasonal peaks related to the two rainfall

i

Uganda found
peaks in the year. In Kisumu, Kenya, Haddow (1942) found

that there was a direct correlation hetween A,funestus

Jake level would extend the erea

0
H
:..J-
0
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by the fact that

of the lake margin covered with wgter and vegetation. The

level ofVWater in the Loboi swamp at different times cf the

year was not measured in the present study. However, it

seems that during the heavy rains, between April and Juneg
3

filood waters rushing into the swamp from the surrounding

hills had an adverse effect on the development of larvae

and negated any increases in numbers that would have resulte
f%pm increased water level. This was confirmed by the

‘very low numbers of A.funestus adults collected at this

time of the year. The optimal conditions for this species

would expectedly be obtaincd a few months after the rains,

Q.
en
e
=
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w
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=
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when both the water level and the area covers
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was still high but the speed of flow of the W
minimal. This explains the increases between
Ngovember., There @was no significant correlati

A, funestus mumbers and any other of the clima
measured at both Kapkuikui and Tinttiyon (see

Two important differences were observed

Kapkuikui and Tingttiyon (both in Loboi) with

Anopheles mosqu:io mimbers and their reiation

°
g -

factors

Pl
S’

At Kapkuikui

A.gambize in May, but at Tingttivon the

peaks of appromimately equal sizes in Ju
ber.
#N 7 % s - % 3
(d} There was a significant correlation betw

catches and each of the climatic factors

rainfall, temperature, relative humidity

there was only omne population

ater was

August and

onn between

tic factors
Table QL).

between

respect to

ship to cli-
peak for

re were LWOo

ne and Novem-

een A,gambiac
megsured -

and winde

speed-at Kapkuikui but not at Tingttiyvon (except
with relative humidity). That is, A.gambiae numbers
were regulated by climatic factors, especlally
‘rainfall, at the former location but not the latter.

Kapkuikui is located directly beside th

mosquitoes cco £

llected from

e sWwamp and

here, especially during

itgé—ﬁfy season, bred entirely in the swamp. Daring the
rainy SeasOlly however, additional temporary sites were

created., Tingttiyon on the other hand, is further avay
frgm the swamp, upto Zkm from the near end of 1i¥ .
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Secondly there is an all season river,; River Loruwai g
which passes througn Tinghbitiyony forming a vegetation-

2

covered permanent SwWamg in a forested area heside the

aiso regularly diverted water from this

G SN

river to irrigate crops and pastures ke 901a11x during
b b2 p (=]

the dry seasOlly creating ideal breeding

n

ites in the procesSSe
Tt would seem that most of the mosguitces collected from

this wvillage bred in these sites created by Loruwai river

rather than in the Loboi swampe. T

ot

ie river has ilts source

-

in the Mogotio highlands someé 60 km away and so does not
depend entirely on the iocal rainfalls around Loboi for

fluctuations 1n its levels,

The upsurge in Ao gambiae numbers in this location

in November was nrobably due to additional breeding sites
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water levels and speed of flow 1in the river resulting from

Marigat division are usually too little and sometimes comple-

tely absent and SO do not appreciably affect mosguite

breeding. Thus the non-correlation of 4 opheles mosquito
numbers at Tingttinyon to lccal climatic factors was due to
the fact that their breeding sites were created essentially
by rainfalls in another part of the district with an

o~

entirely different set of climatic conditions.



A.poharoensis, the only cther ancpheline mosgiiito of
ol g D i q

medical importance collected during this study, -Was caught

ainy season (May -

)

mostly during the later part of the long

it was virtually absent.

.

most common culic

[

L1LE

oo;lg@@edo In Marigat township it was the predominant
mosquito species, in keeping with its description as an
urban breeder (Service, 1963; Subra, 1980). But even in

the Loboi swamp and Perkerré irrigation it was found through

out the year, (in low numbers relative to A.gambiae and

|

i,funestus). The numbers were highest between Iebruary
and April, dropping considerably during the heavy rains

~nd revovering somewhat at the beginning of the dry seasony

Octoher-December,
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CHAPTER 4

MOWEALLITY AND SUKVIVORSHIP OF MOSQUITOES
Lot Introduction

Bates {(1941) recoginesed that if the developmental

caration of the 1azxval instars Were known, then it would

be possible to work out the relationship between the

numbers of esch instar collected and their survigorshipe

dividing the numbers of each instar by the instar durae

o

J

ci0m, he compared the survivorship of instars of A.magculi-

diiferent habitats. This idea has been §

§ pennis in

:
|
i

cxpanded and developed mostly by BService (1971), 1973, 1976}

so that life-tables can be constructed for immature stages

of A.gambiae and other mosquitoese.

There avre tWO methods of estimating develcopmental

and survivership of immature mosgquitoes in natures=

(a) Horizmontal 14 fe-table method which is best used

i{ the population has discreet, non overlapping

~enerationse.

(b) wvertical 1ife-table muthod which is best appliied

to populations with completely overiapping

cenerations.

‘Both the Lobei svWamp and the FPerkerra jrrigation scheme

near Marigat were found to support mosquito breeding all

the year rounde Gonoactive females and ist-instar larvae

were collected throughout the yeals indicating overlapping

<
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generations. The vertical 1ife-table method wWas therefore

)
®

nsed to estimate .the survivorship of immature A.gambiae
in thesé two habitats bhetween June 1986 and May 1987
According to Miller ct als (1973), adult survival
rate 1is the most important factor determining the stability
of a moéquito population and its total egg production and
is of critical importance in detefmining the vector poten-
tial of the mosguitoesSe In populations with stable age
distrib#tion, the parous rate is a useful parameter for
estimating the survival rate of the whole population in the
course of each gonotrophic cycle (Davidson, 195&; Gillies
and Wilkes, 1965). The parous rate can be used to compar®
the agéécomposition of different populafions of the same
species'or the same population under different conditions;
provided the paroué aﬁd nulliparous groups are adequately
sampleds Parous rates were used in this study to compare
the age composition and survival of é,gambiée in the two

habitats at different times of the year

Lh,2 Vertical Bstimates of Immature Survivorship for

A, oambizne sed

120 A e
Iy 2 v Mmterials and Method il

B

Bstimation of laxval instar duration

The duration of the developmental period of the larval
and pupal instars are needed in the construction of the
survivorship curve of the pre—imaginess Therefore while the

collection of the samples for the estimation of survivorship
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was going on in June 1986, a separate experiment Was
con@uoted to determine the instar durations. A modified

version of the method used by Mogi et ats (198&) was

adoptede

Engorged A.gambiae females collected from houses
using sucking tubes were kept in cages containing 2% sugar
so%ﬁtion at Toom temperature (27 - 3200) until they'becamé
gravide Petridishes containing eithexr tap Water or water
from the Loboi swamp were put in the cages to serve as
oviposiﬁion vessels., The eggs8 thus laid were 1left to hatch

in the same type of water in which they were laid. Twenty-

rive first jnstar larvae from cach type were put in aluminium

pans (ZOcm, in diameter; 5cm deep) in four replicatessy each
containing tiie same type of water in which the incoming
larvae Were hatchede Dried veast povwder Was added twice
daily to the pans containing tap Wate?, while water in the
cther pans vWas replenished every two days with fresh water

from the sWalpe The number of larvae in each pan and their

developmental stages wWere recorded daily until the completion

of adult emergencee.

Estimabicn of Stage—specific Survivorship and

e anstruction of Life-=tables,

p—l

edperiments were conducted. The first one Was at

Loboi in June 1986, during the rainy seasCile The second

experiment was also at Loboi in February 1987, at the
height of the dry seasolle The third experiment Was at the

Perkerra jrrigation scheme in May 1987, at the height of
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the raiﬁy season. <The experiment could not be repeated at
Perkerra during the dry season because breeding sites of
suitable size and duration could not be found at this time
of tgé yvear. The pools and puddles created by the weekly
floodiﬁg of the crops Were too small in size and only a
few,oimthem iasted long enough to support breeding, thereby
making-them unsuitable for the sampling method used, In
each cééé the method of Service (1973) was useds Two
hundrgd dips were made daily from premdetermined portions
of tﬁe:breeding site for 10 consecutive days, using an
aluminium dipper 15cm in diameter and 5cm deepe. The laxrvae
taken %n the 200 dips were pooled and taken back to the |
laboratory live., In the laboratory some of the larvae wWere
removgd for rearing to adults  in order.to confirm larval

indentifications and verify that all specimens were in fact

2., Twenty anopheline larvae were randomly removed

fi=
9
V)
3
o
x..l.

for rearing from each day's collectidns giving a total of
200 for each experiment. The following proportions, out of
the numbers that emerged into adults, were A.gambiaes
112/150 = 75%; 90/115 = 78.3%; 115/155 = 7hi, giving an
avefége of 75.8%. The rest were the

A . ,
n fixed in 70% alcohol,

after which they were jdentified, counted and scored tTO

4 2.2 Results

A basic assumption of this method is that the popula-
tion should be stable throughout the. period of samplings;

that 1is, the number of eggs laid per day should balance off
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the number of degpths in all stages. If this assumption

w

holds, then the age-specific distribution curve similate
the timeespecific survivorship curve (Seyvice; 1973 1977 )
Since the sampling from each habitat was done over a short
period of time, 1t Wwas reasonable to believe that this was
‘the cééé in these experiments, To obtain a graph of the

age distribution, the total number of each instar collected
over tne ten-~day period was divided by the aﬁpropriate
instar dprations. This is to correct for any bias created
by differences in stage durations. From the rearing experi=-
ents described above the instar durations for A.gambise in

Marigat were found to be: I = 1,5 days, TI = 3 days, ILL =

2 -daysy IV, = 3 days and P = 2 days; giving a total develo=—
pmental period of 11.5 days. These corrected values

{uumber/instar duration) give the numbers of larvae and
pupae at the temporal midpoint of each instar and were 3

Hlotted against age in davs of the larvae and pupaee. The
o (=3 4 =

©
}et
¥

resultiﬁg hisﬁograms represented the stage—-specific age
distribution., A curve was then fitted through the mid-
points of each histogram block (instar) to give the age-
specific age distribution cufve which simulates the time-
épecific survivorship curve (Figs 26 - 28), It was not
possible to draw a smooth, continuous curve through the mid
points of the histograms as Servipé (1973) and Lakhani and
Sgé%ioé;(197h) did, The prccedure adopted by Relsen and -
Siddigﬁi (1979) was therefore used. Segmented curves with
théApﬁints joined with the aid of a straight adge were

drawn., - From these curves the number of individu=als
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Table 5: Numbers of Immature staces of A.gambiae s.l1. collected each
day in 200 dips from larval habitats, showing the coefficient

r
of dispersion, C.D. = 53/%, for each instar.

collecting No. of larval instars (I-IV) and Pupa Collected

i dabitat days 1 II III 1V P
EXP:1 1 23 18 10
= 2 22 14 11 7
LOBOI 3 434 254 108 70 20
JUNE 1986 4 35 27 14 5 2
5 43 19 19 7 0
3 66 51 37 35 - 18
7 21 18 20 12 ]
8 23 17 14 19 0
9 19 17 10 22 7
10 23 9 5 3
TOTAL 711 451 248 192 54
Mean X 71.1 45.1 24.8 19.2 5.4
Variance §2 16486.1 5520.5  4931.29 407.07 56,04
C.D 52/% 231.87 122,41  37.55 21,20 10,38
EXP.2 1 62 26 16 & 2
2 165 36 10 4 0
LOBOI 3 47 13 5 & 0
FEB.19587 4 48 15 6 3 0
5 155 85 36 7 0
6 155 68 29 7 1
7 135 75 42 25 1
8 143 93 67 29 0
- 202 137 72 39 8
10 200 130 g1 43 0
= AL 1312 678 367 173 12
~—Mean X 131.2  67.8 36.7 17.3 1.2
Variance o2 3441,73 2021.07 791.34 232.68 6.18
o S2/% 26.23 29.81 21.56 13.45 5.15



B
o
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Collecting No of larval instars (I-IV) AND Pupa collected

~—Habitat days 1 11 111 v P
“EXPT.3 i 75 51 39 2 20
' 2 204 165 73 50 36
 PERKERRA 3 129 59 60 45 30
MAY 1987 4 81 66 38 21 15
' 5 72 54 27 9 3
= 6 99 84 52 45 3
7 105 72 45 33 3

8 90 22 54 45 15

9 220 214 S0 50 50

Lo 126 gé 49 3z G

TOTAL 1271 961 516 366 181

Mean % 127.1  95.1 51.8 35,6 18.1

Variance 2 5002.77 2756.1  348.4 232.27 259.21

C.D. SZ/% 39.36 28.70 6.73 6.35 14.3
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entering each stage wWas estimnted by interpolation for
the calgulation of stage-specific survival rates and 1ife-
tabless | .
The total numbers of each instar obtained from 200
dips infeach of the three experiments, together with their
meané, variances and coefficient of dispersion (Variance/
‘Mean) are given in Table 5. In all the exﬁeriments, the
coefficients of dispersion were higher than unity (that
is,fva?;ances were higher than the mean§) indicating a
highly aggfegated or clumped distribution. The 1st instar
iarvae were the most highly agegregated and aggregation
progre;sively decreased as the larvae grew older {(except
between I and II in eperiment 2). This is probably because
the eggs were laid véry close together by the females and
also due to the relative inactivity of the 1st instar
larvac. As the cohort mature, the larvae migrated further
from the eclosion sites in search of food and more sSpacCee.
The cumilative effect of the various mortality factors

which acted on the larvae as they -grew gmust also contribute

to the lower dispersion coefficients of the older instars.

The stage-specific surviveorships are shown on Table

6. “Survivorship from ist instar to emergence was appro-

ximately equal (0,085) at Loboi and Perkerra during the
rainy seasons (Expts, I and 3) but dropped drastically

(O,QOO) at Loboi during the dry séeason (Expt. 2, Table 5)e

The largest proportion of larvae died in the 2nd and 4th

instars in Experiments 1 and 3 while the lowest proportion



Table 6:

w 1270 e

Stage-specific survivorship

in the two larval habitats

of immature A.gambiae S.i.

Habitat Instar N =3 5 D P Ky
EXPT. 1 I 474 590 1.000 220 0.373 0.438
LOBOI 11 150 370 0.627 235 0.635 0.438
JUNE-l9é6 111 124 135 0.229 35 0.259 0.130
v 64 100 0.169 L5 0.459 0.230
P 54 55 0.093 5 0.0%91 0.041
A 50 0.0847% 540 ¥ = 1.042
EXPT 22
e I g75 1095 1.000 435  0.397  0.220
LOBOI 11 226 660 0.603 460 -0.0697 0.518
FEB. 1987 111 183 2G0 0.163 70 350 0.187
IV 57 130 0.119 105 }. 808 0.716
P & 25 0.023 25 1.000 -
A 0 0.000* 1095 S =1.642
EXPT.3 1 847 995 000 320 0.2322 0.169
PERKERRZ il 320 675 0.675 390 0.576 0.374
MAY 1987 111 260 285 0.286 85 0.296 0.154
=5 v 120 200 0.201 94 0.475 0.280
P 95 105 0.106 20 0.190 0.052
A T 85 0.0854 910 = =1.069
N = NC collected/stage guration = median age no = no

at temporal mid point

ated from the Curves)

S = No entering each stage {estim

g = survivorship from one stage to another;,
% = ]st instar ©O adult survivorship, (A/1)
Dy = No. dying guring each stage, 51751 * 1
Py = Proportiorn dying in each stage, D1/S)1

= *Killing power® of each stage

= logyp S1- 10910 S1 *



died in the pupal instars. DBut during the dry season
(Loboi, February 1986, Expts 2) the highest propertion of
larvae died in the pupal and 4th instar stages. The pro-

porticn dying daily in each instar vas also consistently

higher in this experiment than in the two others. In
agreement with these,; the sum of K (Killing power", -Varley

B

et al 1974) was highest in experiment 2.
— Using the survirorship curves (Figs 26-28) the numbers

of larvae surviving to each age in days were read off to

~

give the Nx column in Table 7. These were then used to

CAléﬁi;%e a4 series of life-tables as shown (Table Y.

Mean immature life expectancy for the first two days after
hatching (X = 0,1,2) was higher at Perkerra (Expto. 3) than
at Loboi (Bxptse. 1,2}, From day 3 onwards the mean 1ife
expedtancy was hiéhest at Loboi {Expt., 1), followed by
Perkerra (Expt. 3) and remained lowest in Expt. 2.

Thus mean life expectancy was lower for all ages in the

dry season (Expt. 2)° An overll mortality of 91,9% and

\
]
i
4

100% was recorded at Loboi during the rains (June)} and the

2

dry,seasonf(February) respectively. The overall mortalit

at Perkerra during the rains (May) was 93.2%.




TABLE 7A: Life Tables for immature Anopheles gambiae s.l. at the Loovoi

swamp, June 1986 (Experiment 1)

;WX NX 1x ax px Px ex
0 595 1000 252 0.748  0.252  3.216
1 445 748 252 0.662 0.337  3.130
= 496 244  0.508  0.492  3.467
3 150 252 17 0.933  0.067  5.339
-4 14 235 16  0.932 0.068  4.689
5 130 219 34  0.845 0.155  3.995
6 110 185 34 0.816 0.184  3.638
7 90 151 42 0.722 0.278  3.344
8 65 109 & 0.927 0.073  3.440
9 60 101 ¢ 0.911 0.08%  2.673
10 55 92 5 0.946 0.054  1.886
11 52 87 6 0.931 0.069
12 48 81

Table 7B: Life Tables for immature A.gambiae s.l. at the Lobol swarp,

February 1987 (Experiment 2)

X NX 1x ax pX ax ex
0 1095 1000 260  0.740- 0.260  2.610
1 816 740 274  0.630  0.370  2.351
2 510 466 260  0.462  0.583  2.440
3 225 2060 17 0,917  0.083  3.890
& 207 189 15  0.921  0.079 - -3.193
5 190 174 32  0.816  0.184  2.425
6 155 142 46  0.676  0.324  1.859
7 105 96 46  0.521  0.479  1.510
8 55 50 18  0.640  0.360  1.440
9 35 32 17  0.469  0.531  0.969
10 16 15 15  0.000  1.000



4
he)
A
i

e

Table 7C: Life Tables for imnmature A.gamblae s.l. at the

irrigation scheme, May 1987 (Experiment 3)

X N¥ 1x ax px qx ex
=0 1025 1000 234 0.766 0.234 3.568
1 785 766 224 0.708 0.292 3.505
2 555 542 230 0.576 0.424 2.747
- 320 312 22 0.929 < 0,071 5.141
A; 297 290 25 0.914 0.086 4,493
5 272 265 41 0.845 0.155 3.870
6 230 224 53 0.763 0.237 3.487
= 175 171 52 0.69¢ 0.304 3.412
8 122 119 12 0.899 0.101 3.685
g 110 107 13 0.875 . 0.121 3.04z
10 96 94 12 0.872 0.126  2.39%
11 84 62 14 0.829 0.171 1.671
1z 70 68 12 0.824 = 0.176
13 57 57 56
Overall mortalities = 91.9%; iOD% and 93.2% for Expts. 1; 2
respectively
X = age in days
NX = No of larvae surviving to age x
I ix = No per 1000 larvae surviving to age X
e - Mortalitv between ages x and x + 1
‘PE - probébility that a larva of age x survives to age X + 1

(§a]

_ gx = probability of a larva of age x dying before reachin
= age x + 1 "

ex = expectation of life for individuals of age X.
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Predators

Many other arthropods were cellected along with
mosquito larvae during these and thé other experiments
inﬁalving dippinge. These imncluded several insects
especially of the order Coleoptera, Odonata, Heteroptera
and Epﬁemeroptera as well as Crustacea (Copepcda) and
Arachnida (Araneae and Acari). Members of these groups arvre
well known as predators of mosquito larvae and adults
(Service, 1971, 1973; Vhite and Rosen, 1973; Mogi et _al.,
1984, 1986), The most frequent found associated with

mosguite larvae Were identified as followss

Table 8: Arthropods and other animals collected along
with mosguito larvae

CLASS ORDER FAMILY CGENUS /SPECIES
Insecta Colecptera Hydrophilidae Globaria sp

=, " " Sternolophus sp

" " " Helochares sp

@ 14

B e Dytiscidae
" Hetercpéera Nepidae Ranatra sp
# Belestomatidae Sphaerodema S? g
8 " Notonectidae
5 Odonata
. Anisoptera
W Zygoptera

" Ephemeroptera
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Crustacea Ccpepoda Cyclopoidae
Arachnida Lycosida Araneae
M Acari
Amphibia : Hyperalius Spo

During the experiments to determine the vertical
estimates of immature survivorship, the mumbexr of other
arth%dpods in the daily 200 dips were recorded, 1t Was
theref%re possible te calculate the total number of these
and the mean number per dip at the end of the ten days of
samﬁling° The values for Loboi (June 1986) and Perkerra

(May 1987) are given below in Table 9

It was not possible to quantify the amount of morta=
1ity due to predation oxr to evaluate the importance of
any of the organisms listed above as predator due to the
limited time available for this project. Different types
of small fish were observed in the Loboi Swamp; but only

one Wwas collected twice in dips. This Was identified as
P

Aplocheilichtihys antinorii. It is a cyprinidont annual
fish—sometimes called killifish, Its status as a. predator

on mésquito iarvae could not be established.



Table 9: Total number and Mean number/dip of animals collected from

Loboi Swamp and Perkerra Irrigation scheme.

-CLASS ORDER/SUB FAMILY LOBOI ' PERKERRA
Insecta Coleoptera BHydrophilidae (&) 1850 {0.925) 500 (0.25)
" “ i (L) 758 (0.4) 90 (0.05}
4 " Dvtiscidae {A) 180 (0.10} 30 (G.02)
s " " (L) 300 (0.15) 88 (0.04)
o Odonata Cordullidae (M) 1500 (0.75) -
4, Zygoptera (N) 750 (0.37) 400 (0.2}
" Anisoptera (N) 800 (0.4) —
_ Heteroptera Nepidae (N} 1235 (0.62) 450 (0.23)
" Belostomatidae (1) 850 (0.43) 350 (0.138)
Notonect idae (31) 250 (0.13) -
Sphemeroptera (i) 2100 (1.05) -
Crustacea Copepoda Cyclopoidae (&) 950 (0.46) -
Arachnida Araneae (&) 250 (0.13) 155 (0.08)
Amphibia Hyperalius sp (T) 2090 (1.05) 1500 (0:75)

KEY: & = Adult, L = Larva, N = Nymph. T = Tadpole
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k623 Discussion

Survivorship of Immature Stages

Three basic assumptions are inherent in the method

ed in this study to estimate the mortalities and survie

=i
©

vorship of immature A.gambiae in the twWo types of habitat
investigated, These are (i) that the age structure of the
pre-imagines in these habitats was stable (ii) that the
Varioué larval and pupa instars had the saﬁe dispersion
patterns; and (iii) that the dipper used sampled all the

immature stages wWith the same degree of efficiencye

Larvae of all stages and pupae, except on a few
occasiﬁns during the dry season, wWere collected everydéy
duting each of the experiments., This is an indication that
the age structure was relatively stable, thus justifying.
the first assumption. The second assumpticn Was tested
by caléulating the coefficient of diépersiong that is;
variéﬁce/méans for each immature stage from the data collected
during each experiment. In all cases, the value Was higher
than unity, indicating a highly aggregated or clumped dise
+tribution. The younger stages were moré clumped in their
distribution than the clder ones and this is atributable

to ovipositien habits of the females, in laying the aggs

close fogether, the relative inactivity of the younger

instare and the greater cumulative affects of mortality
factor on older instars, With regard toc the third assump«
tiong Service (1973) noted that it was likely that different

immature stages of A.gambiae exhibited different mathematical



foxms of contagious distribution. If this was so, they

would be sampled differentially by any one method. HowWever

several workers, including Service (1971, 1973; 1977 ) s
9

S’

Lokhani and Service (1974), Reisen ond siddiqui (197

% ]

Reisen et_alo (1982) and Mogi et al. (1984 1986) considered

the third assumption self-evident and obtained reasonable

resultsSe.

To these three assumptions may be added the assumption
in the present study that instar durations derived from .
ialvoratory experimenté alone were applicable to prewimagines
developing in natural habitats. The basis of this assumption
Waslthat no significant gifference Was round between the
lLarvae reared in tap watexy on artificial diet and those
reared in the SWam§ water both in terms of‘the total numhers
that completed development and in terms of mean developmental
;._' 2: ooy % o oy
cime (p> ©.05 by X in each case). The only other factory
apart from food and physiCCmchemical properties of the

water, which could make a difference between larval deve=

o

iopment in the laboratoIly and the field vas temperaturee

o

However, temperatures in Marigat area Werse consistently
high and stable througheout the study peried that any such
difference must havé been negligibleo

The survirship from 1st imstar to adult using the
vertical stage-specific frequency gistribution (Table 6)
was the same ot both Loboi and Perkerra during the ralny
season (0.083), giving a mortality of 91,5%. The mortas

1ity for this season calculated from the age»spealfic 1if

e

(0]
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tables {Table p} Was 910>% =2nd 93, 2% for Loboi and
Perkerra respestively, In February,; at the peak of the
dry season; the suwvivership at the Loboi swamp dropped

to zmero with only a few pupae hatching from the 4th instar

le

larvae and virtually none of these emsrging into adult.

b

The high mortaliity rates are consistent with results by
other workers, for examplie, more than 95% mortality by

58) for A.gambiae in Tanzania; 95-100% by

]
y
g
l,.! s
n
(43
(%8
®
o~
-t
R

wn
(V]
H
&
fle
4]

e {1971, 1973} for A gembiae in ponds and ditches

near Kisumua, Xenva; 98% by Mogi et al. (198&k

Anopheles species in rice fields in the Philippines and

The highest mortaliity cccurred im the i1st and 2nd
. §

instars. Thus 84%, 82% and 78% of the mortalities im

(Table €, column D_}. The survivorship curve was accord-
ingly = type IV in all cases, (Siobodkin 1962}, Mean
iife expectancy, ex, during the pericd of highest moria=

1ity {age = 0,1,2, days) was highest at Perkerra {(ex=3.5),

-

followed by Loboi in June {(ex=3.3) and

n

e

least in Loboi
‘February (ex=2.5). Life expectancy generally increased
~—fcr the older larvae that survived beyond this pericd

—{TFigs 26 - 28, Table 7).

Mortality in the immature stages of mosguitces can

be caused by a number of factors, including adverse

=]



o lim a»ic conditions, limited food supplies: nredation,; para-
of 3rd and 4tk instar larvae of A.mambiae in ditches and

cmaon --.a-r-f" TR A P
pools at Chiga near Kisumu, Kenya to be infected with

Coeleomomvces and atiributed the hLigh larval mortality te this

fungus. No evidence of infeciion with Coelomemyces or any
other pathogen vwas detected in the present study and predstion

appearved to be the most important factor responsible for the

‘3‘

mortalitye. The dominant groups of predators encountecred
=3 E

fh

lidae and Dytiscidae (Coloeptera} larvae ans

[

inc luded ‘Hydroph
adults, Odonata nymphs;, especially of the family Cordullidae
and suborders Zygopte”a and Aniscpteray Heteroptera nymphs of

the family Nepidae and Belostematidae, amphibilan tadpoles
. 9 t P

r..a

inciuding the predaceous jvperclius species and spiders vhich

03

were mostly surface predators., Service (1971, 1973}, Reisen
and Siddiqui (1979}, Mogi st al {198k, 1986) al Found

3 & X - ¢ 9 == v Alae X s 8 7 } .,.,.:.50 ogunca
members cf these groups as improtant predators of mosguite

pre-imagines.

By using predator-free cages to breed mosguitces in
natural hebitats and then compa ring the adult emergence rates

ngd |

W

with those obtained from unprotected sites, Reisen

Siddiqui (1979) vwere able to make gross estimates of the

effect of predation on the survival of gﬁtritaeniorhynchus

in Pakistani ponds., They observed that the magnitude of

preda jeons mortality changed seasonally, being lowest in

Y
3
r}

the monsoon and highest in the post=monsoon Seasocite Us

the same method, Mogi et al. (1984, 1986) found that preda=



ion By other insects was the most impertant mertality

[y

factor for mosguito immatures in both Philliipine and
Theiland rice fields, They estimated that between 19 - 5h%

of immatures were lest to aguatic predators and anocther

surface and feed on emergent adults eg spiders). They could
net, however, establish the sources of the nomn-predator
relateq mortalities, The higher mortalitiés at Lobei in
February {experiment 2} may be due; at least in paxrt, te

increased competition for food and space. At this time of

the year a greater portion of the swamp has dried ocut and
breeding is restricted to a much smaller area than in the

rainy season. Fredation would alsc be expected to be hignerwr

=
et
®
3

since . the predators were alsc concentrated in the sma

breeding sites availables

L o3 Estimation of Adult Survivorship
I 361 Materials and Method

L.3.1.1 Dissection for simple age erading in females

The evaries of unfed or freshly fed female mosquitoes

were extracted and examined fer the presence or absence of

[
©
)

tracheolar skeins (tigﬁtly coiled termirals © tra&h~olfs}
by the method of Detinova (1962):- A freshly killed mosguito

was placed on its side om a clean slide after the wings

and legs were removed, A drop of distilled water was put



i
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i

near the abdomen. One disseciing needle was inseried in
the thorax While a second needic was used to make two small
incisions between the sternites of segments 6 and 7. The
ovaries werxe then extracted and immediately transferred to
the centre of the drep of water and then left to dry cute.
In drying cut air entered the tracheae, making the whol

tracheal system incliudin
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the ovaries, to become clearly visible, The siide was
examined under a x46 objective, The presence of skeins
shovwed that the female was nulliparous, whereas the presence

cf a tracheal net without skeins showed that the femgle

Wag parousSe

4 03613526 Estimation of Parous Rates

Unfed and freshly fed female éegambiae from foritnightly
collections, using the pyrethrum spray method, were dissected
for parity by the ovarian tracheztion technique, as outlined
above, bétween February and October 1987, If there were less
than 50 females of the appropriate abdeminal stages, the
entirercollection Was dissected; from samples of 50 to 150,
56 wex re—iaﬂdom1y selected and dissected; -and from Samples

£ 139 and over, 75 were selected and dissected? Estimates

-

of he monthly totals, were

f"T'

oM

calculated. Heowever, daily survival ra ates were not calcul-

ated.  from. these parous rates because two samples per month



3

were too few znd estimates of daily survival rates based on

fade

them wWould contain a high degree of

o

rrer

A separate

(2]

H

H
ot
e

efore conducted forz 12 estimation of

ot

experiment ¥was the

l

dailyv survival ratese
b e36103e Estimation of Daily Survival Rates

Daily collections of mosquitces by the human bait
method Wwas carried out for 30 days at Loboi {(from 8.,5.87
t0 6.6.87) and for 25 days at Perkerra (from 9.6.87 %o
307°87)° The collections were made between 7 pem. and
100 2.m. each day as described in section 2,3.4. and
the unfed and freshly fed A.gambiae were dissected for

paritye. At least 30 moesguitoes should be dissected daily

v

for this experiment according to Birley and Rajagopalam
o\ T 5 .
(3985;, This number could not be met on some occasions, but

the actual numbers dissected were clecse to 30,

The parcus rate formula {Davidson, 195%) provides a
good-estimate of the average survival rate per ovipesition
cycle only if the recruitment rate is reascnably constant,
It is mnot vélid under conditions where the recruitment

rate is changing rapidly (Birley and Rajagopalan, 1981;

Birley and Boorman, 1982). It was therefore necessary to
first assess the validity of this method in estimating

the survival rates of A.gambiae in the Marigat area by

evaluatihg the ceonstancy or otherwise of the recruitment



rate of this species at the time of the experiment, A

gcraph of the numbex of mosquitoes perx Perscn per night . wWas
P P =3

plotted for the total number dissected, nugber paxous and

A
e

2
[ 4

number nulliparous,; in order tc show their patterns of

ok

meant that

g
e

fluctuation, If the fiuctuations were great

the recruitment rate was reasonably constant and the dai ly

¥

survival rate can be estimated from the parous rate with
a high degree of accuracy (Birley and Rajagopalan, 1981),

The cumulative tetals of the numbers dissected dai

b

¥
(4T), and the numbers parous (£M) were calculated and
(iﬁg&?)s vwhich represents the parous rate per oviposition

cycle, was estimated, A graph of 6iM/£T} xz 100 was then

a

plotted. The value of (£MAT) varied very little throughout

the experiment in both habitats but especially as from day
18 at Pefkerrae This is a strong indication that the
populations wWere stable and that the récruitment of
nulliparcus femailles wWwas constant, Tﬁe parcus rate was
therefore a good estimate of the survival rate.

The daily survival rate Was then calculated from this

mean parous rate using the parcus rate formula of Davidson

(‘95?):

PR = M
where P is the probability of surviving through
one day n is the length in days of the oviposi-

tion cycle M is the proportion pareus in the

population



4,362, Besulits
b 33R5%s Estimation of Parous Rates
: The resulits are shown on Tables 10 and 11 for
Perkerra respectively,
A% Lobol there vas a significant difference between the
lovwest parous rxate of £3% in February and the hilghest rate of
% of a Yoo «.2 ] it \ = E 2
81% in July (X~ = 14,8, pl0.001}eo At Perkerra alsoc the lowest
rate of 40% in Fe ruary Was significantly differsent from the
highest rate of 86% recorded in September (22 = 13.75 DL{0.001),
3 " = . L g ‘/
The mean pavrous rates for the Iwa locations were DY% and 72%
for Leboil and Berkerra respeciively and there was a significant

difference betwes
It is po

experiment

climatic conditions {see section 3,3

into four periods correspondi

g to

()

%

auss:

t

3e)

[}

@

d

ssible to divide the nine mcnths oF this

fferent

s

Februaxry-

Marchy April-=June, July-September, and October, The mean

parous rates over the four perieds in

as follows

February-March
Apwrile-June
July-September

Cetober
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Perkerra
bges

7h

83,3

76

R

ocations were
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MONTH
Feb
March
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June
July
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COLLECTED
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N
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DISS
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Age Composition (Parous Rates) o

3
@
"(;T

ruary to Cctober, 1

e NO NG

ECIED NULLIRPAR PAROUS
35 20 15
50 18 34
50 it 34
75 22 53
75 19 56
75 14 51
50 12 38
50 17 3
50 21 29

PARCUS
RATE(%)
43

i0C
200
250
151

Age Composition (Parous Rates) of A.cambia

at Perkerra, February to October,

DISSECTED

NO

15
22 3

50 12 « 38
E; g 41

~J ~
oW\

|

NS

~1
(G2l G2 ]
a.—l
o O

1987.

PAROUS
RATE(%)
40
59
70
75
77
82
12
86
76

o

lean

72



At both locaticns ther:e were s gnificantly more parous
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February=March (X =767y PL 0013 X'= 17e3; P40,001, for
b

ci and Perkerra respectively)}. But there was no signifi -

108 A_ =y L a2 e — 5 e -~ - .
There was mno significant difference in parous wrates

w

betw?en Loboi éud-Perkerré during corresponding periods of
the year. HoWever, from the summary given abeve it is
cbvious that the significant difference in the mean parous
rates of the {wo locations over the nine month®s period
Was mostly due to differences in age composition between
July and October, When the peroid (July-October) was
considered together, there was a significant difference
between the parous rates of the two locations (XZ = 6463,

' p<0.05). :

I o33R32, Estimation of Daily Survival Rates

8

The_results cf the daily dissections and the parous
rates calculated freom them are shown on Tables 12 and i3,

and graphically as Figurés 29 and 30, From these graphs



rable 12: Daily and Mean Parous Rates of<5.gam§;§gs.l. at Loboi,
= May,1987.

) NO. DIsS  WNU L, IPAR PAROUS % MEAN RATE

DAYS (T)* (N)* (M)= PAROUS <£7T =M (£1/2T)%
1 35 14 21 50 35 21 60
2 34 16 18 53 69 38 57
3 30 16 14 47 99 53 54
4 36 17 19 "3 135 72 53
5 26 S 17 65 16l 39 55
S 24 1z 12 0 185 101 55
7 2¢ 16 17 43 213 112 53
8 23 11 12 52 236 12> 53
2 14 14 50 264 129 53
10 31 i8 13 42 285 152 52
11 30 15 15 50 325 167 51
i2 33 10 23 70 358 19C 53
13 31 10 21 68 389 211 54
14 zZ1 5 16 76 410 227 55
is 20 6 14 70 430 241 56
16 29 10 19 66 459 260 57
17 26 pat g1 485 281 58
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T = Total dissected; N = NO. Nulliparous; M = No parous;
a

in
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it can be seen that fluctuations in the nuliparcus females

weyre minimal, indicating a reascnably constant recruitment

(9]

of nevwly emerged females intc the populations. Therefore

[

the parous rete can be regarded as a good estimate of the
meagn survival rate per evipositién cycle agnd the daily
survival rate can be accurately estimated from it., The
daily parous rates are shown in Figs. 31 and 32 while the
mean parous rates per oviposition cycle are shown in F
33 and 3%4. From these, the mean parous rates per cycle

were readofifas 65% for Loboi and 73% fo

=
Lev]
)
5]
e
‘D
-
g
&

Assuming a 2-=day genotrophic cycle, the mean daily survival

rates vwere calculated as C,81 and 0,87 for the itwo locetiomns

respectively., There was a highly significant difference

between the two values (X = 17,3, pi0e001).

k.3:30 Discussien

S Surviveorship of Adults

—— In the present study the parous rate was used to

compare the age compositicn and survival of A.gambiae in

the two habitats investigated at different times of the vear.

The resulits shovwed a seascnal variation in parous rates both

within and between habitats. At Loboi the lowest rates were



Taple 13: Daily end Mean Parous Rates of A.gambiae s.l. at Perkerra,

in May,1987.

Nb. DISS NULLIPAR PAROUS % MEAN RATE

 DAYS (E)* (N)* (M)* PARROUS T M. W T)%
o= 3 12 16 57 28 16 57
2 36 13 ’ 23 64 64 39 51
3 33 10 23 70 97 62 64
4 26 6 20 77 123 82 67
5 29 7 22 76 152 104 68
6 29 7 22 7€ 181 126 70
7 27 G 18 67 208 144 69
8 21 5 16 76 229 1EU 70
g 23 3 21 &7 252 180 71

10 36 4 32 89 288 212 74
11 26 2 24 92 314 236 75
1.2 28 ) 26 93 342 262 77
12 25 4 21 84 367 283 77
14 21 8 23 74 398 306 77
15 34 12 22 65 432 328 76
16 27 10 17 63 459 345 75
17 26 5 21 81 485 281 58
18 29 g 20 €9 514 385 75
19 23 7 16 70 537 401 75
20 24 5 i 79 561 420 75
21 31 3 25 81 591 445 75
22 29 6 23 79 621 468 75
2326 6 20 77 647 488 75
24 25 18 72 672 506 75
S 3 day Running Means.&
KEY: T = Total dissected; N = No. Nulliparous; M = No Parcus

= Cumulative total.
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it can be seen that fluctuations imn the nuliparous females
were minimal, indicatimz a roasonably constant recruitment
of newly emerged females into the populations. Thaerefors
the parous rateican be regarded as a gécd estimate of the
mean survival rxate per oviposition cycle and the daily
survival vate can be accurately estimated frem it. The
daily parecus rates ave shown in Figs. 3t and 32 while the
mean parous rates per cviposition cycle are shovwn in Figso,
33 and 3k, From these, the mean parous rates per cycle
were vead off as 65% for Loboi and 75% for Perkerra.
Assuming & 2«day gonotrophic cycle, the mean daily survival
rates were calculated as 0.8! and 0.87 for the two locations
respectively. There was a highly significanb difference

between the twWe values (Xga 173, pL0.001),

be363e Discussion

Survivership of Adults

In the present study the parous rate Was used to
compare the age composition and survival of &agambiae in
the twe habitats investigated at different times of the year.
The results showed a seasonil variation in parous rates both

within and between habitats. At Loboi the lowest rates were
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recorded during the dry seasocon @d early rainy seascn,; February

March (Msan parcus rate = 36%), while the highest rates vere

b

ecorded during the ccol dry period fellowing the end of the
raziny season, between July and September {mean = 83%)5 in
both places there wWas a significant difference betveen the

lLowest and highest parous rates recorded,

A 2~day gonotrephic cycle wWas assumed in caleculating the
daily survival rates for all months. This was based on the

evidence of several wWorkers whe have studied the bilsliogy of

Ao.gambiae in this part of Africa and found the gonotrophic

- ) T . and above all through the yaar) {Muirhead
Thomson, 1951 a, bs Lewis, 1948; Macdonald, 1952; Davidson,

1954}

There Vas a significant difference between the mean parous
~
) . < ~ - .
rates at Perkerra and Loboi {X"=6.7, pf0.010), This

difference V¥as due mostly tc difference in  the age composition
in the %wo locations between August and Octeber, since during

the other pericds the rates were mot significantliy different

3

in the tweo locations, The reason for the greater parous rate

at Perkerra between August and October is probably due to the
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creater shade znd shelter preovided by crops a
{=3 X

continue to fiourish on the irrigated areas long after the rains
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area only between January and March when the waler level
the Perkerra river becomes too low due, to the long ary
seasons - Secondly, as has been pointed out earlier, A.gamoiae

attained its peak populations at Perkerra between Auvgust and

n

October and at Lo

“Thus the pericd of ki

season and at Perkerra about two to three months after the .
of seascnal variations in survival rates., However, as stated
already, survival rates could not be reliabl

the parous rates here because of the few samples from which

The daily survival vate of A.gambiae s.l. Was significantly
higher at Perkerra than at Loboi (X~ = 17.3, $£{0,001). Since

the survival rates Were meawnred only during the wet seasomn,

ed

e

May/Jene; it could not be established whether or not it var

with the season, While some workers in the past found

differences between the survival rates in the wet and dry
= ) B ' B ) '/
weasons, others found no such differences. For example,

- 3\ 2 oS I
Krafsur (1970) estimated the daily probability of survival



of aAnopheies gai mbize B and Anophelss funestus at Gambelag

Sthoipia as p=@.B89 in the wet season and p=0.79 in the d4dry
season, the meéan peing p=0s85. The move advanced age- >
grading techniques of Gililes and Wilkes (1965} recorded p=0
.85 for A.gambip® and pz=0.83 foxr Ao funestus in;%ﬁuhézﬁi, Tanzania

nd-cbhserved no difference betwoen the hot and the copl Seafonde

In Samoa, Samaravwickrema £t al. (1987} found parous rates

of 37.949.7% and 36.6=59.5% for Ancpheles sarioanus and A_

generglly higher in the cool than in the Warm seatohie

suggesting higher daily survival during the coil periods

The parous rate fornula Davidson, 1954) assumes that
x 9

mortality factors.aat equally on all adull mosguitoes

i rrespective of ages and soveral workers, including &1Tli
{1961); Miller et _alo (1973); Spencer (1979); Charivced and

wes (1979); Molineaus and Gramiccia (1980) and mssel(1986),
among others meus the same assumption in gstimating the m@ééaa
ility and/or sporozolte rates of different spec éies of mésquia’
Ltoes. Héwaverg Gillies and Wilkes (196’\ cuvd +that the
sortality rates of A.gambige in parts of Tauﬁania were consia&f
between the first and seventh oviposition cycles and thare=
after incrégsed with agee. SamaraWickrema (1§68) found that
the mortality rates of Mau F yimis in Colombo Werse reascnably
constant during the first three gonotrophic cycles but

increased ¥with age thereafter., More recently, Clement and

Paotterson (1981) used a computer model {Gompertz model} o




1

§
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A
n

!

instead of the traditionszl expenential model te re-analyse
many of the data svailable on paxous rates, including some
of these mentiocned above, and shevwed conclusively that for

most species the mortality rate dees increase with age.

‘.,.
B
ct
=3
()
i oy
e}
0]
)]
®
]
ct
0!
o
-
Q
A
b
L]
Q
b
@
e
V)]
e
®
(4]
g
6]
H
[0}
0
@
[4d
=8
g
o
T
0]
[N
[
7]
'.J.
ja}
[t

e
l =
o
N
i -t
p
0y
®
-
4
ot
o
[0]
K
o
o
o)
H
Q
t
Q
4
w
i
!.J .
o
fod
)
H
o
H-
p..-(
m -
)
(3
,,-l
9
o
s“
I
)]
Q[
)
v
®
o

cycles.




=Y

d
S
L

L

CHAPTER 5

VECTCOR BEHAVIQOUR
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An understanding of the pattern of contact which a

haenatophagous insect mekes with its host

e

al in

frde

s essent

s
@

determining the role of such an insect as a disease vectoyw

(W,HeO, 1972; Muirhead-Thomson, 1982), The extent and
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vector, as well as on the presence and activity of

ct
|y)
o
&
(n]
0]
o

at the same time and place.

In studying the behaviour ef the three majoxr / Anoph elc~
species encountered in the present projectgwthe feclleving
three aspects of the feeding behaviour were therefore con-
sidered:

(a) biting activity, which refers to the frequency

of landing and feeding on mang

(b) resting habits, which refers to the shelter

("-’

- preferences of these species when they are nect .

(c) host preferences, which refers %o their preference
for man cr any cother animal in the presence of

_alternative hosts,
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56261 Biting Activity

refers to the actual landing and feeding on the host. The
biting activity of A.gasmbiae Sele; Aefunestus and A.pharoe-

four months, (Apr’l - July

w}
(o8
o
+h

neis were studied over a peri

£

!987}9 In each case the study covered the period between

dusk and dawn, that is, between 1900 hrs and 0600 hrs.

5.2:2. Resting Habits

Mosguitoes collected from inside houses at Kapkuikui

(

using the early morning pyrethrum spray method as described

%

) and Perkerra between January and December, 1986,

e

ocbo

n section 3.1.1 Were amalysed to study their daytime resting

]
-

habits. The females were classified imto the following L

2bdominal stage types:

females in which the abdomen was completely

il

Freshly fed females im which at least the first sic
abdeminal segments, viewed vemntrally, were filled

with red blocd.
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five abdomimal segements (viewed ventrally) wexre

Filled with dark cc¢louned blood at various stages

ive Gravid frmales in

which the blood was completely
digested or remained as 2 RaTTOW bLaCkiSh line in

the first abdominal scgment and the abidomen wWas

== distended with eggs.

Twe types of cutdoor sites.#ere sampled for cutdoor
resting mosquitoes between January and December 1986, These
were (1) Animal burrcws in parts of the Perkerra irrvigation

scheme and near the Loboil swamp (2) vegetations around
human habitation and animal enclosures at both sites., The

animal burrows were sampled by the use of an updraft suction

trap while the vegetations were sampied by the use of sucking

tub ime search, as described in sections 2,3.2
and=2.3.3. cotively). However, the nus sher of mosguitoes

obtained by the secend method at Perkerra, mostly culicines

were so few that they vWere exciuded in the results prese ented
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Biood smears Were taken from fed mosquid
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June and Cctober 86, corresponding to the periocd of

®

highest mosquito density. Collection o©

nimal shelters and vegetation around
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houses and animal enclosures {as detailed in Section 2a1)s

The mosquitoes were first identified, after which

the wings and legs were removed. An individual was then

3]

one ..on the test request form. The filter paper itsell vas

o
I

identified vwith an alphabet. The smears were left to dry
properly after which they vere packed in a plastic bag, wWith
the filter papers separated from one another by non-absorbent
white paper. The details required on the test request form
included the sex, species, place and date of collection of
each mosguito. The samples were sent to the Imperial Cocllege

of Science aznd Technology, London where they wers identified

by the precipitin test technique,

503  Results
5e3cie Biting Activity

The results are summarised in Tgbles 1 A and B



-
!

and Fig. 36. The figures given on the tables are the means
for each periocd eover the four months,

in A.gambise activity both indoors and cutdoows wWas
lowest during the first two hours of the night (1300-2100 nhrs}.
It increased rapidly over the next four hours, reaching a
peak between 2300 hours and 0100 hours. Thereafiter there was

radual but steady decline until 0600 hrs.

Approximately

tivity took place between 2300 hours

~nd 0300 hours whereas only about 276 of the activity @ccur?ed
during the first four hours, 1900 - 2300 ho and only about
17% eccurred Wwithin the last three hours of the night, that
is 0300 = 0500 hours (Fig. 35 (a))-

Iin A.funestus, activity indoor and outdoor wWas also
iowest during the first two hours of the night. There Was
a steady increase in activitly as the night pregressed. The
peak of biting activity ¥Was attained between 0100 hours and
0300 hours - t¥oc hours later than in A.gambize. Approximately
25% of the biting activity cccurred during the first four
hours of the mighit, between 1900 - 2300 bhoursg 39% during
the second four hours, 2300 - 0300 hours; and 32% durin
the last three hours of the night, C300 = 0600 hours. -
thus there was a more even distribution of activity through-
cut the ninft,respecially a8 from about 2300 hours ©ill
dawp in A.funestus than in A.gambiae (Fig. 35 (B)).
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Table 14A: Biting Actvity of Anopheles Mosquitoes Indoors

T
at Lobol 1687

SPECIES A.gambiae A.funestus A.pharcensis
TIME NO. % NO. % NO. 3
1900-2100 HRs 37 9.3 12 10.5 54 355
2100-2300 ¥Rs 70 17.5 25 14.5 70 46.1
2300-0100 HKS 130 32.5 42 24.4 23 15.1
0100-0300 HRS 97 24.3 50 29.1 5 3.3
0300-06U0 HRS 66 16.5 37 21.5 0 0.0

£ 400 172 152

Table 14B: Bitin
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The biting activity of A.pharoensis was distinctly

different from those of A.gambiaze and A.funestus. Activity

of A.phproensis Was very high socon after dusk; 36% of

activity Was recorded within the first two hours of the

e

v

il

night (1900 = 2100 hours). Activity was slightly higher

outdoors than indoors throughout the night. Peak biting
ocourred between 2100 and 2300 hours (46%) and thereafter
biting declined sharply to about 15% (2300 - 0100 hours)

~ ol : i s o .4 8
and cnly 3.3% (OTOG = 0300 ﬂcurs)u There Was no biting

activity after 0300 hours indoors but bhiting continued on a

oo

-t

low scale outdoors until dawn. In this -~ species, up teo

o

he first four hours of the

s

82% of biting occurred during

here Was virtually no activie

-t

night {1900 - 2306 hours) and
ty during the second half of the night from 0100 hours

till dawn {(Fig. 35 {(C)).

5 ¢ 32 Resting Habits

The composition of the indocr resting mosqguitoes
according to their abdominal stages is given on Table

15 A and B beloW,




Table 154 Composition of indcor resting mosquitoes at Loboi

accerding to their abdominal stages .

SPECIES A.gambiae A.funestus A.pharoensis  Culicini
SEX/ARD
STATE NO 8% NO 2 NO g NO X
Male 218 14.9 240 16.3 6 9.5 143 23.8
Female  1Zz438 85.1 1235 83.1) 57 0.5 457 7€.2
UrF 1i2 9.0 176  14.3 g 0.0 138 302
FF 631 50.1 484 39.2 47 82.5 97 21.2
HG 294 23.6 275 Z22.3 8 14.0 107 23.4
G 211 16.9 289 Z4.2 2 3u5 115 25.2
TOTAL 1466 1475 63 - 600
% 0.7 40.9 1.8 16.6
Table 15B: Composition of indoor resting mosquitoes at Perkerra

accordinag to their abdominal stages .

SPECIES A.gambiae A.funestus Culicini

SEX/ABD

STATE NO g+ NO g+ NO g

Male 74 3.8 5  17.9 21 32.8

Female 711 91.2 23  8l.1 43 67.2

g 54 7.0 1 4.3 12 27.7

FF 413 53.5 7 L 10 23.3
HG 183 23.7 7 30.4 23.3
G 121 15.7 & 34.8 1 25.5

TOTAL 845 28 64

KEY: UF = Unfed; FF = Freshly fed; HG = Half gravid; Gravid
F

G =
rcentage column refer to percentade
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stages of female mosquitees collected from inside
houses by the pyrethrum spray method at Lobole
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A total of 1466 A.gambiae wer Kapkuikui,

Loboi. Twoe hundred and eighteen (15%) were males while

;,).

the rest were femgles., There were 112 unfed females

a2

accounting for about > of the females colledited, Ovarian

dissections showed that 25 of these {85%) were newly emerged
. ‘ /O F 7 =7

o]
[
ft
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proximately 50% of the indoor rest=
ing females were freshly fed while the halfl gravid and

el y 1
gravid females made up 24% and 17% of the females respect-

e
bt
b

The distribution of indoor wvesting A.funestus Vas

7]
i} . 3 - § - -
the remaining 1235 (84%) were females. One hundred and
seventy-six {?@.3%} were unfed, QCvarian dissection showed

B

= ¢ —Y . i -
hat about 90% of these {157) were mulliparcus., Freshly

oF

fed females made up 39.2% of the females while the half
gravids and gravids accounted for 22.3% and 2k.2% respec-

tivelye

6nly 63 A.pharoensis were collected indeors at

Kapkuikui., Loboi. None wWas collected at Perkerra {(Tables

kS

hY

15 4 and B). Males.were 9.5% of the total collection,while
females acccunted far 90. Eﬁe Freshly fed females were
u3% of the total females; half gravids and gravids made

up 14% and 3.5% respectively. No unfed females were caught.



There were a number of siriking differences between

the composition of the indoo

]

S

» resting A.gambise and.

¥

A.funestus on the cone hand and the indeor resting A.pharcens=

gis on the other. The most obviocus of these includes

{(a) the complete absence of unfed females in the A.pharocen-

-

The compesition of the culicine mosguitoes coilected
indocrs are included in Table 15 for purpcses of comparisocii.
The distribution according to abdeminal stages were similar

in many respects to those of A,gamb

thats (a) the percentage of males was higher in the culicines

b} there was alsoc a higher

P

than in the ancphelines;

percenta ge of unfed hu‘icxnes than anophelines; (c)

-

differences among numbers of the three categecries | freshly

9]
I
e
jo
©
0]

fedy half gravid and gravid} were very small in the culi
compared to the anophelines., As stated in section 4.1

1 LI

¢. guinquefasciatus and C._zombiensis made up the bulk of

the culicines collected indooars,



 The main differcnce betvween ichoi and Perkerra with
respect to indoor resting mosquitees is that there vers
more mosquitoes (both in species, diversity agnd abundamce.)
at Loboi than at Perkerra, Thus, only 28 specimens of

a-over

4
V]

Ao.funestus were collect

ok

he ene year period {Jan-

&

I

Dec. 1986) at Perkerra as against 1464 at Loboi and only

845 and 64 4, ambiae and culicines respectively were collected

as against 1466 and 600 respectively at

o
e

« Acphaoroensis

rraes

o]

la

&)

Was not collected at all at Perkerra, With respect to
composition of indoer resting mosquitoces, there was 1o
significant difference between the two lecations, orn the

asis of zbdomingl stage s,

<



The composition of the,mOéQpitoeSTCollected from animal

burrows in the two locations are shown on-Tabie 16 A and B.

TABLE 16A:

Composition of mosquitoes collected from-animal burrows

at Loboi according to their abdominal stages

_ SPECIES A.gambiae A.funestus Culicini
SEX/ABD nNO e NO $* NO Exd
STAGE
MALE 50 217 4c 43.5 228 40,7
FEMALE 181 78.3 52 56.5 332 59.3
UrF 59 32.6 16 30.8 231 69.5
FE il 6.1 6 1l.5 17 5.2
HG 44 24.3 10 18.2 39 11,7
2 67 37.0 20 -38.5 45 13,6
TOTAL 231 92 560 P
% , 26.2 10.4 63,4
Keys -UF = Unfed, FF = Fr
fedj HG = Half grav
D G = Gravid.
s , s 7.
sFirst two figqures under: percentage
columi cefer. to percentage of total
“{male ¢ female), ~Others refer to
- females 'alonee gt

Fee 1y



Tzblz 16B: Composition of mosquitces from animal burrows at
Perkerra according to their abdominal étages.~

SPECIES A gambiae A.funestus " Culicini

SEX/ABD_ NO B* NO g NO %

STAGE

MALE 1L 12.2 i2 44,4 121 44,3

FEMALE 59 86.5 15 55.6 152 55.7
UF 31 52.5 4 26.7 110 72.4
FF 6 10.2 2 1343 6 3.9
HG G 15.3 3 20.0 14 9.2

o
}__l
[U8)
N
[
<D
(a2
>
o
)
N
[S]
I
oy
°
(82}

27 273

:
)
&
~J
w

713.2

~1
)

% 19.6

Y: UF = Unfed, FF = Freshly fed, HG = Half Gravid,

KEY G = Gravid
X First two figures-under the psrcentage column refer to

percentage of total (male + female), others refer to

of female alone,



- . hicaliv in Fi 57
The results are presented graphically in Yige. 2

B fo; Ao.gambige and Gulicini at Perkerra only. A

s 7 A { >0,
Fifty (21.7%) were males while 181 (78.3%)

< <ol - PR P
he bulk ¢f the femalss {3250%} consisted of

114 965 aof +he
iduals; 65% were nulliparse Only 6.1% of the
. ; = Y a4 ierd 63
catch were freshly fed, while 24% and 37% were half gravid

~

and gravid females respectivelyo,

Of the 92 A.funestus collected from animal burrovs

10}
)

~ o/ < females

at Lobei, 40 (3.5 %) were males , and 52 {5005p) were females.
2 5 £ 2] g/ i Cama 1 . Trecsh v
Unfed females acccunted for 30,8% of all femalese. IFreshl

2 £ -y % 4 4 r-L‘_' e
fed fpmales were few, accounting for omnly 1i.5m eI The
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218,5% of the colleitions respectively

]

}»J-

The composition of A.gamb

Snddan

“’3

ae and funestus mosquitoes

collected from burrows at Perkerra ¥Wgs similar in moessz

: e ’ o 3 - o
respects to those at ILcboi except that as in thie casSé C©

indoor resting mosqultees a higher number 0of each sSpecies
was collected at Loboi. Hovwever, a siggificantly highe
propertion (P £ 0.05) of unfed females of A.gambiae wer
coliectad at Perkerra (52,5%) than at Lobei {32.6%). On

the Gther hand higher percentages of the half gravid and

= > - - ol > ol

gravide females were collected at Loboi (24 3% and 37.0%

: 1 & : ~el o ;
respectively) than at Perkerra (i5.3 and 22.0% for the iwe

stogea respectively). A.gambiae made up 26,2% of all the
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The correspending values at Perke rra were 19.6% for A.gambias,
7 02% A.funegtus and %3,2% Culicini, The distribution of
Gulines collected from animal DUXToWS on the basis of
sbdominal stages was similaxr te that of the ancphelines except

that there were higher perxcentages of males and unfed female

culicines than anophelines {Table 16 A and B},

A.pharcensis was the only species found in fairly

large numbers in vegetation around houses and animal enclo-

sures. Three culicine generxa Culex., Manscnia and Agdes

were alse collected from this resting site in small numbers.

A.gambige and funestus were completely absent. The compo-
sition of A.phgroensis and the Culicine collected in thi

Of 127 specimens coliected, 9 {731%) were maies and

118 (92, 9%) femalies. The ma j

were freshly fed females, Un
4

)
0]
Q.
"y

emales accounted for

12,7%

~0

, half gravid females 14 4% and gravid females 24 6%,

=t

cf the total fema

es collected, Analyses of A.pharoensis

data, show that (a) the % of unfed and gravid females Were

@

higher in the outdoor resting site (12,7) and 24.6% respec-
tively) than in the indcor site (0.0% and 3.5% respectively)
(b) the % of freshly fed females was higher in the indoer
site {82,5%) than in the cutdoor site (48.3%) (Tables 134,

17)e
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Table 17: Composition of mosquites collected from vegetations around

unan habitation at Loboi according to their abdominal stages

Sex/Stage A.pharoensis  Other Species
. NO % M F UF  FF HG G

LA
(O8]
3%

MALE 9 7.1 cCulex spp & 14 6
8

_FEMALE 11 92.9 S
UF 15 12.7 Mansonia 0 11 g 11 0 0
I 57  48.3
368 17  14.4 Aedes sp O 4 0 2 2 g
G 29  24.6

Total 127
KEY: M = Male, F = Female, UF = Unfed, FF = Freshly fed, HG = Half



60 A pharoensis

20
0
UF FF HG G
Abdominal stages

are 38: Percentage composition according to
abdominal stages of Anopheles pharoensis
collected from vegetation around animal
enclesures and human habitations at Lobols



5.3.3 . Host Preferences’ =~ - & -

-—-The results of the precipitin-tests are given below.

Table 18: Summary of the Results of Blood-Meal Analyses for Host

 Preference Studies.-

- SPECIES EXAMD. +ve § (T) % (P) NO™ % (T)'% {P),'NO %

|
i
|
i
’ {
A. GAMBIAE 114 93 81.6 88.6 12 10.5.11.4 9 7.9
A, FUNESTUS 727 30 41.7 °58.8  -2i 22.2 41,2 2 25.%9
e |
A. PHAROENSIS 57 = 15 26.3  35.7 27 47.4 64.3° 15 26.3 |
243 138 56,8 60 24.7 45 18§.5
KEY: 8 (T) = Percentage of Total : & e
8 (P) = Percentage of Positives = HBI B ' 2 il
= s -1-j - ~{Human Blood -Index}-in man.. -. - e B
i.e.7HBI = No of Smears with human blood x 100
Tetal No of positive smears. |
+ve = No Poslt.we . s
: : =




A total of 2473 blood smeaxs vwere analysed; of these,138(56.8%)
was human blood, 60 (24.,7%) contazined bovine bleod and 45(18,5%)
were négative {inconciusive). There were 114 A.ganbise smears;
93 (81.6%) were human blood, 12 (i0.5%)bovine blood and 9 {(7.9%)
were negative. Fo Asfunestus,72 smears were analysed, 30{h1.7%)
were human blood, 21 (29.2%; bovine blocd and 21 (29.2%) negative.
Fifty—-seven As;pharoensis smears vwere andlvzed?‘2603% were human
bilood, 27 (47.4%) bovine blood and 15 (20.3%) were negative.

ihe human blocd index (HBIL) was calculated for each species,
As stated above, this is the percentage cf the positive smears
that contained human blood and is a measure cf the degree of
antthropophily of the species concerned. A.gambiae had an
1131 of 8566%,‘§¢fune§325_5808% and A.phareensis 35.7%. Apply
the same calculaticns to the positive smears with bovine blood
the degree cof zZoophily of each species coﬁld be estimated,

The respective values for A.gambiase;A.funestus and pharoensis
were 11.4%, 41,2% and 6L,3%.

The negapive results arose either because the smears vere
not preperly propared ox beCause'the mosquitoes had fed on
organisms other than those tested for. Considering the high
percentages of negatives in A,funestus and A. pharoensis, at
least some of them must have been due to the second reascilie.



50h Discussion

.

The biting activiiy of the three major anopheline

speciesy, A.gambige, A.funestus and A.pharoensis vwere studied

between duslk and davwn since they are lknown teo be essentially

nocturnal in their habits (Haddow et

De Meillon, 1968). There was a clese similarity between

fu

the indocor and outdoor biting cycles {Table 14 & and B},
suggesting that the populations in the two environments were

e resulits alsoc shov¥W that A.gambize and

A.funestus bite more often indeocrs than cutdocrs, While

they are in contrast wWith results ocbiained by otherxr workers

o= [ nig

{Van Someren et al. 1958. Muterc gt al., 1982; Hgnney, 1960,

< i : Y
White (?974) states that among the A.gambige complex,
A.gambia€é ss. is primarily endophagic (that-4s, bites more

uently indoors) while A.arsbiensis and the saltwater

()
+
®
0

spp, Acmerus and A.melas,are primarily exophagic,

more Ifreguently cutdoors)e Acarabiensis can also be endo-

phagic, depending on lcocal comnditions. Service (1963) found

approximately equal numbers of both A.gambiae and A.funestus
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biting indoors and cuitdoors in Xaduna, Nigeria. Most other

vorkers, hewever, have found A.Jjunestus tce Ize more endophagic

-han exophagic in its biting habits (Haddow, 1942; Muirhead-
Thomsen, 1851 a; Gillies, 1954 a; Smith and Drapper, 1959

Hanney, 1960; Krafsur, 1977).

The biting activity of A.gambiae and A.funestus Was
highest during the second half of the night, a patiern con-

sistent with previous wecsrds., The peak activity for A.gambiae

was between 2200 and 0100 hours, dropping gradually thereafter

till 0600 hours. This agrees with the results recorded by
Gillies (395?)? whe established a peak activity eof 2200 -

0200 hours and Maters et

activity at 2400 = 0300 hours. OCther workers nhave also found

maximam biting activity between 02300 hours and dawn, wWith

s
]
QJ
ol
S
®©

—
t als

peak around GLGO to 0600 hours, (Mattingly, 1947
1947, Hanney, 1960; Van Someren et ailj 1958; Dunkeen and
Omer, 1988). Krafsur {1977), in Ethiopia, found that A.gambiae

b

&J,

ting activity increased steadly throughout the night. He

tetals attacking and hour ef attack. Service (1963) found
two peaks of Aegambiae biting activity in northern Nigeria,
one between 2400 and 0100 hours and another between 0400 and

0500 hourse.

A.funestus activity was more evenly spread between

2300 hours and dawn. From 220C hours, there wWas a steady

3

increase in asctivity, reaching a peak between 0100 and 0300

hours and dropping only slightly thereafter before davwn,



Haddow (iQQZ} recorded the peried of maximum activity for

A.funestus as 0300 - 0600 ho

ua
2300 = 0500 hours, Service (1963) recorded twe peaks for

this species: 2400 = 0200 hours and 0300 - 0400 hours.
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Haddow {1942) cobserved that the increased activity o

A.gambiae and funestus at 0500 - 0600 hours was due to an

influx of mosguitoces seeking davitime shelters inside houses
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houses at devwn Which he alsc attributed tc the seeking of
outdoor daytime resting sites. Krafsur (1977) in Ethiopia
found that his catches at 0600 = 0700 heours incliuded a laxg

Do

el

orticn of gravid and partly fed individuals, suggesting

that considerable inter-hut traffice ccourred,

A.pharcensis had its maximum iting activity withiu

= o i o - — 5 3
the first four hours of the night; 82% of biting indoors

o

]
-

5% outdocrs cccurred between 1900 and 2300 hours, Wit

=
¥

9
the peak arcund 2200 hours, The

3

eak pericds of biting

activity cwserved for A.phesroensis indoors and ocutdoors

were similar to those recorded by Hamon (1963) and Krafsur

(1977

RBesting Habits

In both Ancpheles gambiae and Anopheles funestus

males end females were present in daytime indoor catches

and the bulk of the indcor resting females consisted of fed
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indivicduals, These are characteristics of essentially indcor
F . < = » s = o~ - a .
resting species (Haddow, 1542; Subra, 1980). At Loboi where
the itwo species were collected in almost egual numbers, they
constituted B82% of the tetal indoor collection (about 41%
o~ T~ o/ s s SIS 1 S - BT o e { > ¢/ A %
each)s,ané cnly 36% of the outdoor olliection (260 A.gambiae

and 10% A.funestus). However, there was an unexpected high

number of freshly fed: gravid ratic. This suggests that some

peried, between their being freshly fed and gravid, Fully

engorged freshly fed females should cccur indeoors wWith gravid

; C e 1 . e . .
females in a raticn approximating p (P , where is the

o

)
]

evwly emerged female surviving through one

is the average daily survival rate {(Krafsur

o

1977 )
In the present study this would give a ratiocnm of 130,81
and 1:80.87 for A.gambiae at Loboi and Perkerra respectively.

The observed values were 1:.33 and 1:0.2%, for the twoe loca-
tionsg respectively {see Tables 154 and B), These were sig-
nificantly - different from the expected {p 4 0.001) and points
te a_considerable degree of exephily'amoﬁg the gravid group
of indooxr resiting éogémbiae females, Since the daily survival

rates of A,funestus wWere not calculated, the expected fre-

guencies of fLreshly fed/gravid females could not he estimated
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frem the cbserve However, based on the lower
ratie of the twWwo abdominal stages in this species {1.3:1)

compare to that of A.gambiae {3:1

conagliude that the difference of the observed values from
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the expected would be much less. According ¢o Mairhead—
soma g b - . :
Themson—&a?%B), any excess of freshly fed over gravids, .

e, in hous

D

catches; repre-

assuming 2-day gomotrophic cyc

the house between feeding

tion Was even higher {37.9%

u
3ion;”thé higher value of the gravids (34.8%) over the

= s N - - 3 3 - . - -
rreshly fed {(30.,4%) is consistent with the observations of
> ; kY ¥

individuals which had fed elsewhere move inte houses to rest

i.funestus in all abdominal stages were collected here, no
strong conclusions can be based con thems

In AJpharoensis, both males and femsles Vere 5150
present in indoor daytime collections and fed females
constituted the bulk of indoor recting females This Vas

s;m;laf‘to cbservations in A,gamblae and A,funestus. ¥hile

£ e 3 P

the male: femzle ratios were 136 and 1:5 for A.gambise and

A.gunestus respectively, it was 1:10 for A.pharcensis.

The ratie fer Aephareensisg coupled with the complete absence

indoors uf unfed femaleb and very small proporticm of
gtavids (3.5%) relative to freshly fed (83%) clearly showed
that this species was strongly exophilics Females entered

es only to feed and most of them {up to 79%) ieft the

<
]
w

s



house bebtween feeding and completion of theilr egg deve-
iecpment, This wview is further supported by the higher
percentage of gravid females in the cutdoor collectien

(2h,6%), relative to freshly fed females {48%), as compared
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indoor resting culicines wWas
different in many wvespects Irom those of tﬁe—anophelineoO
The euiicine male: famale ratios were only i1:3 and 1:2 at
Loboi and Perkerya respectively. ‘hese were significantly
lower than those of ancophelines, Secondly, unied females

were the highest proportion of indeor resting females with

a high degree of endophily. The mosqguitces entered houses

for feeding and resting. More than 90% of the Culicine

(¢ 2
oo

ceollected indcors wWwas C.guinguefas tus, wWhich is wWell-

Carrery e

a

known for its house-haunting habits (Meillon et al.; 19673
80). Hovever, more than 60% of the mosguitoes

ccllected from outdoor resting sites {animal burrew)

cgnsisted cf this same species., This ocutdeor collection

Wag predomingted by males and unfed females, with only a

few fed femgles

These apparently conflicting habits of this species

xplained by the observation of Subra {198C) that the
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and exophilic, the same female

may exhibit both tendecies in the course of one gonotrophic



in poth indoow and osutdocr sites before taking their I
bicodmeal. WYhile some females which have fed indocrs may

leave the house %0 complete their developmenc cutside, Qqthers
which fed outside may move indoors to rest and complete their

egg development,

34,3 Host Preferences

The results of precipitin tests showed that A.gambiae
in Marigat division was predominantly anthropophilic with

s human blood index {HBI) of 88,6%, while A.funestus ¥as

only moderately so With a HBI of 59.8%., Observations on the

feeding hehaviour cf these twe species throughout much of

their range have demonstrated a strong tendency foxr human
hlood, even in areas leng under insecticidal attack (Bruce=

Chvatt et ales 1966}e Davidson znd Drapper (2953} found
more than 9C% of their A.gambiae catches in
Africa positive for human blood, Gillies (1954 b, 1956

, Tanzania got a HBEI of 2% while Arap Seroney gt al.

)
ok
b
[0}

2
(1985) cbtained 90.3% in Kisumu Kenya. In a review o
sub ject, Bruce-Chwatt and Gockel (1960) noted that the range

in most parts of Africa is 41 = 86k, Figures as high as

100% have been recorded (¥hite, 1974; Krafsur, 1977). ©On the
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sther hand, cexce
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{White and Rosen, 1973) and 28 (Service, 1970 a} have been
obtained in areas of nexrthern Nigeria where cattle cut-

numbered man inside housss at night.
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The value of 58.8% cbtained for A,funesius here was
cwer than these recorded by manyv cther weorkers, including
' - e y v r e <~ . v oex . . of
98% by Haddow (1942} in Kisumm Kenya; $7% in Liberia, 94%

n Ghana and 85% in Northern Nigeria by Bruce-Chwatt and

e

Ethiopiaes LoW %s were cbtained by Symes (1932}, 60%,
Kauntze and Symes (1933), in Kenya, 57%: Bruce-Chwatt and
Gockel (1960) in Upper Volta, 24 -~ 26%; and De Zulueta €% 2

963) in Uganda, )4,2?'9
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Ukara Island; Tanzania to ceontain human blecod. However,

ocutdoor cellections gave lower proportions of man-positives

e.g Bruce=Chwatt and Gockel (1960) gt 5 - 20% from outdoer

ot
13

i . . / .
catches West Africa and Smith (1958) got O - 9% in the
low iands of Kenya. Most of the specimens tested in the

present study were collected from outdoor sines

{vegetation around animal enclosures). The value of 35.7%

positive fer human blood is higher than those from other



MALARIOMETRIC STUDIES

51 Introduction

Parasites or sporezoite rates of the major anopheliine species

.

y, : 5] cc\ -
found in the study avea. {ii) assess the prevalence of

».

malaria, that is, the percentage of the populatiocn infected

among different age groups of schoel children in the area.

0]
i
v}
}..1
font
“
N
)
o
ot
o
(8]
4
}..J
H
SN
bt
~
%)
(&
@]
]
)]

infants and children are w
af tﬁe prevalence of malaria in any populatiocn than the
aduits because of their lower natural immunity to the
disease (W.H.0, 19671, 1975 b, 1980, 1987). In this study
therefore the collection of blood smears for examination

for malaria parasites was concentrated on children,

62 Materials and Methods

Be241 Dissection of Mosguitees for Sporeozcites

~  The salivary glands of female mosquitces were
dissected between April and September 1887« ©Simce it was not

pessible te do the.dissections over the whole year, this

peried was chosen because it covered boeth the pericd of



highest mesquito densitie

the period ¢f highest mai

indicated by the results

S, April»Sep‘sember5 as well as
aria incidence, Ju uly~September, as
of the prewstudy SuUrvey.

The method outliined by the W H.0, (1975 a) was followeds
The siides;were eganiaed immediately aftesx preparation under
high power for the presence of eporozoites°. In order to
confirm ﬁﬁe observations made on the fresh siides and to
preserve ﬁﬁem for future references, some of the slides were
left to dry, then fixed with methanol and stained with
Giemsa, Th were then examined under oil immersion,

A Sotal of 1670 Ancpheles mesguitoes were dissected
April = September i9 7 {as described in Bectiom 3.4),
%9286105 *éeﬂe were A, gambiaoe s..1. w;iie the remaining 470

were A, funestus. A,
2 LR L A
locations, Kuapkuikui vill

scheme, while 4,

habitat,

6.2:2,

gambiae was collecte

d from two

;unﬂbtus Wa8 only collected from the Tormer
Pcllection and Examination of Blcod Smears from

-Schrools

Blood smears wWere ¢

the year. The first was

ollected at three different times of

b
bR

n March which was the end of the

iong dry seascon and the beginning of the iong rains, The
second wWas in July which was the end of the long rainy

the beginning

of the cool dry period, and the thir

in Loboi and Perkerra irrigation

=

G



b

e C) -~

collection was in Ocitober just before the sghort rains
{see Tablie 3, Section 3.3.3). Three primary schoocls were
used; =

W{é} Perkerra Primary .8chool, situated in the middle
cf thelPez?er"w irrigation scheme,; with an eénrolment of
350 pdp;lso

E (b) Kapkuikui Primary School; situated in Kapkuikui

village in Loboi lcecation, at the edge of the Lobol swamp,
with 2 population of 100 pupils.

(c) Loboi Primary School, situated at Tingitiyon
village abcout 3km from the Loboi swamp, with 250 pupils.

The first two surveys in March and July covered the
three schools,  Blcod smears were taken from all pupils in
eachischool vwhose gges were betwWeen and 20 Yéarse Bused
on infermation obtained from these two surveys, the third

survey in Octover comprised infants, aged 0 - 22 meonths

pre-school age ch

children, a5

age

inciuded in this

During each survey, blocod smears were

the index fin

ger
accordance

thick and th

n

solution

4.
[ %)

ey

use by mixing

week in advance)

?

ildéren, aged, 2 = 4 years, and scheol
- 15 years., Loboi Primary Schoel was not
third surveye.

cf pupils

with W.H.0 guidelines (W.F.0, 1961, 1975 a).

I's werse

pre

rr

with bhuffe

ared on each occasiocn just

collected frem

and prepared examination in

Both
slicde.

made on each The  staining

bhefore

ze stock sciution (which was prypared one

red distilied water {pH 7.2) in
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te methanol.

9]

1¢20 ratioc. Thin smears were I

Bxamination of Sliides

in voutine malaria surveys, an eXam
microscopic fields under cil immersion fo

{ approximately 5 minutes of examination standard
\app

practice (Bruce=Chwatt, 1985}, In this s however, 200

microscopic fields were exgmined on each (thick smear)
under ¢il immersiono This was to ensure canty infec-
tions were not missed ocut. After examinaj the slides
were sceored as positives and negatives, hin smear of
each positive slide was then used to iden

f the degre of

the Plasmodium species present. An estim

infectiocn or parasite demnsityv was made on. positive sliide

by a parasite count. The procedure adept to count the

number e¢f parasites and leucecytes in the smeaxr until

200 of the lztter had been counted, The of leucocytes
in am average human being is estimated at - 11,000
{average 8,000} per cubic millilitres of i The parasite
count,; or parasite demsity, Was then calc

.

= No. of Parasites counted x 80

200

T S : 3 . .
If this value exceeded 1000/mm” , that is, rasites per

200 leucocytes counted, the infection was ded as heavye



The presence or absence of the sexual forms of the malaria

parasites callied gametocytes in any blood smear Was also

(@4
o
]
e
(W)
b
o}

clinical malaria treated monthly at tl Mari Rural Heaglth
Centre between 1982 and 1986, The cemntre Was the biggest

the determination aof the percentage of total monthily atten-

dance ¥hich was diagnosed and treated as-ciinical malaria.

£e3 Results
6.3.1 Infectjicen Rates in Mosquitoss

Kapkuikui, Loboi, 16 carried sporozocites, giving an overall
E g § X P D =)

owest

s

sporozoite rate of 2.9%. The rate of infection was

ir—thewmonths of April and May (2,5%) and highest in the
8

v~

{ M ~
months of Auvgust and September {(3e3%)e OFf the 470
Aofunestus dissected, ¢ carried sporezoites, giving an

< af - 7y - - - .. - 0y ~
overall rate of 1.9%. Infection was lowest in April (ia-o%)

and highest in July (2.5%).



gaticn scheme, 23 of the 06453

I

From the Perkerrag iz»r

4

L3

A,gambiae dissected were positive for malaria parasites,

. N . . - - / .
giving an everall sporczoite infection rate of 3.6%. The
monthly rates ranged from 2.5% in September (lowest) te .

Q—c}% i

p July {highest).

The results are summarized on Table 19. ALt Perkerra,
infection rates were high from April to July {mean = 3.9%),
then there was a considerable decregse in August and Sepiember

{ o) 3 2 3 P . .
(mean 2.7%}-. On the other hand at .oboi the rates vwere

relatively low beitween April and June {mean =

The -infection rate in A.funestus was lower than in A.zambiac,

icant difference between the lowest and

highest rates in each species in the twe locations. There

‘ﬂ\-
e
Qo
I

e

was also no significant difference between the mean infect
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G.%3.2 Crude Incculation Bates.

the average dailiyv incculation rates wWere caleculated. The
bites p person per night were computed as the product eof

the density of mosquitces per house per night and the pro-
pervtion freshly fed, divided by the average number of occcue—

pants per house. The crude incculation rate is defined as

It was calculated as the product of the daily biting rate

and the sporszoite rate, The daily incculation rate was
multiplicecd by the number GF days in any menth to give the
monthly inoculation rate (Xrafsur, ?9?7)0

number escaping wWas lowW because adequate precautions wvere

cakeu quring csampling, the results would not be affected,
The biting rates wWere alsc calculated from freshly fed female

whereas exophily in the twWo species concerned ¥Was shoWn to

a

4




= 3191
e essentially by the gravid females {section 5.4,2).

On the zssumpiicn that infected mosquitces feed randomly,
the average daily inocculation rate for A.gambiae at Loboi
Was higheét in May = July and lowest in Aprii. At Perkerra,
the highgst values fer the daily incculation rates were
obaaig@é in July - September and the lowest in Aprii. Fer
A.funestus, the highest rates were obtained in August and
September, the values for the other four months were similar,
TLeréiﬁéarno significant difference between the highest and
1owes£‘:ates for each species in the #wo locaticns {(p> 0.05)
but the mean rates in Ac.gambize were significantly higher
than the mean rates in A.funestus (p < ©€.01).
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& %y . S P
H6e3e3s Posrasite Rates in School Children
Y ». = B 3 o = 4B
The detailed results of the malaria survey emong
- i~ : - L > ~ < — - -
schoel children are conitained in Appendix 2., 24 summery of

The overall infection rate for eazach school was calcu-

lated as the percentage of the schoel populaticon showing

malaria parasites in their blood, that is,
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The wvalues 15.1%, 11.5% and 3.5% for Perkerra, Kapkuikui

and Lobei Primary schools respectively im March and 13.5%,
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'hus in the tWo schools mnear the Loboi swamp {Kepkuikui and

3

Loboci Primary Schools) the infectiocn rates were higher in

in any of the three sgchools, The rates Were compargble at

Perkerra and Kapkuikui during the months but were lower at

Primary School. There was no significant difference
between the infection rates at Perkerra and Kapkuikui Primary

Schoels during both months {p % 0.01). However, there
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Was a hignly significant differenc
at Perkerra and Loboi Priwmary Schools
17e73; » £.00,001) and in July (X = 9

op

difference between rates at Kapkuiku

Schoeclis were significagnt in March (K%

(x 10,13, p £ 0.001;,

and Lobi Primary

= 6.25, p L 0.05), July
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Table 24: surmary

PERKERRA- PRI. SCHCOL

BEE—=-a NG NG PARASITE NO o PARASTTT
GROUPS EXAM, POSITIVE RATE EX2M.  POSITIVE RATE
-11 MONTHS 9 3 2.1 5 2 % B
{33.3) (200)
12-22 MONTHS 17 7 4.8 10 2 1.6
(41.2) (20.0)
=4 yrs. 34 g 6.2 18 'y 2,3
26.5) 16.7
5-9 yrs, 63 1& 1.4 50 2 dud
(26.6) (6.0)
i0-14 vrs. 12 2 1.4 0 2 1.0
(16.7) (5.0])
15-19 yrs, 10 0 0 5 O
20+ yrs = - ~ - - =
TOTAL 145 39 26.9% 128 12 9.4%

* Unbracketed figures

Bracketed figures

h

Total = Parasite Rates

]
T

Percentcage o

Percentage of age group infected

i
=



The parsite rate in each age group Vvas calculated
from the formula given above by substituting the number
positive in the school with the number positive in the age
group. <Tthis gave the proportion of the overall parasite
rate atributavle to each age groups These are the unbracketed
figﬁres:iﬂ the "Bates" columns of Tables 22-2k, However,
sincé'éifferent numbers cf people Wwere examined in each age
group, these rates did not indicate clearly which age group
was more promne to malaria than others. To establish this,
the percentage positive for the number of people examined in
each age group ¥Was calculated by substituting the number
examined in the school with the number examined in cach age
group in the above formula. These are the figures enclosed
in brackets on Tables 22-24, It can be seen from these that
the 5«0 year olds were the most susceptible to malaria
infection followed by the 10-1lk year oids, The least
susceptible Were the 15«12 year age gIroupPe The number cof
people examined nnder the 20 years and above age group was
very small and except for the 3/10 rate at Kapkuikui in Mareh,

no other case of the disease Was recorded inthis age gTOUPe.

~ThHese observations of higher infection rates among
yvounger-age groups prompted the inclusion of infants and
pre—séﬁ;ol age children and the exclusion of older children
of 15 years and over in the last survey carvied out in

October 1987, Lobei Primary school Was alsé excluded in this

last survey. The results are given on Table 2k, The overall



— = 200, : .

percentage infection rates were 26,9% and 9.4% for Perkerra
Primary school and Kapkuikui Primary s8chool respectively,
Thus af Perkerra, infection eof school children with
malagia:parasites Wwas highest in October (26@9%) followed by
March 135;3%) and lowest in July {13e5%) At Kapkuikui
(Lobei) on the other hand the infection rate was highest in
July (1509%)9 followed by March (11¢5%) and lowest in October
(9.4%). In October, the infectien rate at Perkerrva was
significantly higher than that of March (x° = 9¢11, p£0.01)
and July (X2 =11.86 pL0.001}. There was zlso a significant
differencé-beﬁween the infection rate at Perkerra and that

at Kapkuikui at this time (x2 = 12,61,p£0.001), Just as

in the two previous Surveys, the rate of infection was higher
in the younger age groups and tended to decrease with age,

as is shown by brackets in Tables 21=23, The Octcbexr rate

at Perkerra wWas also significantly higher than those rececrded

at Kapkuikui in March and July,

The detailied tabulation of the results given in
Appendix 2 shows, that there were a few cases of gametocytes

in the blood of infected individuals as well as some cases
of heavy infections. There were 5 cases of gametocytes in
the blood in March and 2 cases in July, all of them recorded

in Perkerra. There were 2 cases of heavy infections {above

3
1,000 parasites/mm” of blood) in March at Perkerra and none



at the other twWo schools. But in July there w&re

altogether 24 cases of heavy infections, 14 at Perkerra,

9 at Kapkuikui and 1| at Loboi, Eleven of the cases occurred
a@ﬁng the 5~9 year old age group, 11 among the 10-14% year
oids agd the remaining 2 among the 15«19 year olds, there
were 2 and 1 cases of heavy infe@tion at Perkerra and
{apkuikui respectively in October and no case of gametocytes

in either schocl. Only Plasmodium falcipaxrum was encountered

during the three surveys,

603.k4, Incidence of Malaria in the Population

The results are shown on Table 25, On the average,
between 153 = 715 cases cof malaria were tregted every
month, representing 40-69% of all attendances at the
hospital, ©On an annual basis, maléria accounted for 51
- 56% {(mean 53.,5%) of the total attendaunces February to
April showed the lowest incidence of malaria (mean 46%)
while Jﬁly«September showed the highest incidence (5867%)9

over the 5 - year period,
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Gk Discussion
Golh o infection Rates in Mosguitoes
= 3

The sporozcite rates in the mosquitces were measured
in thé course of this study between April and September
which included most of the rainy season, April - June, and
the éool dry period following ity July = September. At
Loboi the sporozoite rates in A.gambiae increased steadily
from 2,5% in April to 3.3% in September, At Perkerra, the
highest rates were obtained between May and July {(Mean 4,1%
and the¢ lowest in September {2.5%), This time of the vear,
April-—BSeptember, was the most conducive te mosquito breeding
and survival as shown on Tables 2 and 10, The variations in
the sporozoite rates could not therefofe be attributed to
differential survival rates as Was observed by Krafsur {19?7)
in Gambela, Ethiopia.. On the other hand, the period of high
sporozoite rates in each location coincided with the periocd of
relatively low mdsquito density and vice versa, Thus, there
Was an inverse relationship between popuiation size and
sporozeite rate, This relationshin wvas however, nct significant
at both locations (p 0.05) 5 According to Muirhead«~Thomson

(1948) and Gillies (1954 <) large populaticons usually consist

®

of young females, consguently; the seasonal peak is associated
With low infection rates, The rates increase as the population
drops at the end of the rains..

‘Sporozoite rates obtained by earlier workers in many

parts of Africa vwere generallly higher than those obtained
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BExamples of the older values include 10% obtained by
Muirhead-Thomson (1948) for the Lagos area in Nigeria,
14 ,6% by Davidscn (1955) in Uganda and 9,4% by Muirhead=
Thomson (1951 a) in coastal Tanzania, The more recent
figures are 2,2% by De Zulueta et al. (1963) in Ugandaj

Oole 0.7% by Smith (1964) in Umbugwe, Tanzania; k4.2%,

0.32% and 2.7% by White et al. (1972) for A, gambiae
species 4, B and S.1l. respectively in Tanzania, and 0.38%
in the dry season and 5.4% in the rainy season by Krafsur
(i977) in BEthiopia. The reason for the reduction in
infection rates over the years must be related to increased
usage'cf antimmalaria drugs., In all cases the samples were

taken mainly from infants and school age childrern,

The sporozoite rates in A, funestus were generally
lower than those of A, gambiacgc. The lcvwest values were
obtained between May and July (1.0%)} while the highest

value Was in September (2.5%).

Gl o2 Crude Inoculation Rates

Seasonal changes in the crude inoculation rates are

the results of changes in the population densities of the

mosquitoes and their age structures, which may affect the
sporozoite rates, The results indicate that the .

inocculztion rates depended mcocre on the changes in the
mosguito densities, The months with higher mean densie=

ties per hut per nigh had higher inoculation rates



irrgéﬁective of the relative values of the sporozeoite rates
(Tables 20 and 21). The vexry dry months of December to
February, With greatly reduced densities per houge per night
must be periods of very low malaria transmission. The major
biological factor responsible for this is probably the wvery
reduced. survival rates of the 4th instar larvae and pupae (sece
Tables 6 and 7 and Fig. 27), as well as the lower adult survival -

rates (Tables 10 and 11),; due to less favourable environmental

conditions. The human population at Loboi was thus highest

(0]

at risk of infection between April and July and least at risk

between December and February form A.gambiae.

During the pericd of heaviest inoculation in May, with a
daily inoculation rate of 0,188, it would take only 5.3 days
for everybody in a house (average number of occupants‘at
Loboi =3) to get at least one infective bite., In April, with
the lowest inoculation rate of OGOZY.among the months measured,
it would take 37 days for every occupant of the house to get
at least one infective bite from a sporvozoite-laden A.gambiac.
The méﬁiﬁﬁm number of days it would take'to acquire an infective
bite is obviously higher than 37 between December and March
but_these had not been calculated since the sporeozoite rates

for those months were nat detevmined.

At the Perkerra irrigation scheme the period of highest

malaria transmission, with the highest crude inoculation rates

i

was July = September; and againg based on the wvalues of the
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mean mosquito density/house/night, December to March was

the pericd of lowest transmission, At the height.of
trznsmission in September (daily inoculation rate=0.,13%1),
igrggéld take 7.6 days for every occupant in a house (
(average of 2,6 persons per hut) to acquire an infective bite
frﬁm‘é, gambiae. In Aprily, with an inoculation rate of 0,026

it would take 38.5 days., In February, the mosquito density

6]

was soc low that the proportion of freshly fed mosquitoes

dropped to zZero, the mean crude inoculation rate Was =z21so

ZeCrUoe

A.funestus wWas found in appreciagble numbers only in
Loboi. Its densities and therefore biting in January -
July were considerably lower than those of A.gambiae but
sometimes exceeded them in August « December, In September,
the month with the highest crude daily inocculation rate
for this species (0.025), it would require 40 days for every
cccupant of a house (average 3 occupants/hut to acqguire an
infective bite from A.funestus whereas in May, With a rate
of G,0095 it would take 111 days to get such an infective bite.
Krafsur (1877) obtained crude daily inéculation rates of

0O in Marchfﬁpril to G,13 (iee one infective bite per occupant

inn 7.7 days) in September for Acgambiae also O in March to
0.97 (one infective bite per occupant in 1.03 days for

Aeofunesius in November in Gambela, Ethiopia.
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The crude daily inoculation rates cbitained in this
study were high enough for each unprotected inhabitant of the
study area to acquire at least one infective bite in a yvear,
This ¥as particularly evident in Lobei where A. funestus
densities began to rise when those of A. gambiae declind,

The inhabitants were at g high risk of acquiring sporozoite~
laden mosquito bites in April - Dec&mberg-’At Perkerra

Ao Ffunestus was virtually absent throughout the year and

A« gambiae was the sole malaria vector. A% Loboi,; hovever

~3

the two species were present in approximately equali numbers
and since they reach their maximuam densities and crude
inoculation rates at different times of the Year, A.funestus
must be cocnsidered important in maintaining a high rate of
malaria transmission all year round. Alone, its role as a
Vector must be minimal because of its lower inoculaticon and

sporozoite rates,

H5.403 Parasite Rates in School Children

Malaria infection rates among school age children
Wwas high at both Perkerra and Kapkuikui Primary Schools
during three different surveys in March, July and October.,
Themgéégern of malaria transmission in the study area
obtained from the School Surveys is highly consistent with
that determined by the study and analysis of mosquit§
densities, sporozoite and inoculation rates, etc. Thus
at Kapkuikui Primary School, located on the Loboi swamp, the
highést infection rate (16.9%) Was recorded in July. Similarly

the highest inoculation rates in A.gambiae (mean=0,107) was



recorded in May - July in this

’

-

area. At the Perkerra Primax
School, on the Perkerra irrigation scheme, on the other
hand, the highest infection rate (2609%) was obtained in

October which also tallies With the highest inoculation

rates (mean=0.,098) in July w SeptenbeF,

Significantly lower infection rates Were obtained at
Loboi Primary School, located at Tingttivon willage, than
at the Perkerra Primary School both in March and July
(P40.01)., Similarly the infection rates in this School was
significantly lower than those obtained at Kapkuikui Primary
School (P40.01), These highly signifcant differences are
hard to explain, considering that mosguito vectors wvere
equally abundant at Tingttiygn as in Kapkuikui {see Table %)
and the pupdls in the two schools were drawn from the same
villages and locations. There is a dispensary Which is
nearer tec Loboi Primary School (about 300 metres) than to
Kopkuikui Primary School (about 3km) and it is possible

that the lower infection rates in the former school vwas

due to more rvegular anti-malarial treatment.

at Perkerra and Kapkuikui Primary Schools in March and July.
Gametocytes are he sexual ferms of the malaria parasite

and it is in these forms that the parasite. becomes infective

fte

to mosguitoes, when they are ingested im the bloodmeal,
Thus, the presence of gametocytes in the blood is a strong
indication of active transmission of malaria in the area

concerned,

J

A1l the cases of gametocyt8s in the blood were recorded
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644 Incidence of Malaria in the Population

The records of clinical malaria cases at the Marigat
Rural Health Centre, alsc fit intc the overall epidemioclogical
pPattern of high malaria transmission throughout the year with
the peak between May and December, These records also show
that malaria accounts for between 51 and 56% of all sickness
treated annually in the Centre. The lower averages recorded
for March/April relative to the other months are probabliy
due to two main reasons. (1) Survival rates for both
larvae and adults are greatly reduced between Januvary and
February due to adverse environmental conditi_ons° This
means that sporozoite-laden females do not appear in
substantial numbers until mid-April, one month after the
onset of the rains, (2) April is . the busiest month for
agriculture in the area and many farmers would readily
Postpone going to the hespital for medical treatment for as

long as they are &ble to.farm.

6olto5 Impact of the Perkerra irrigation scheme on Mosauito

breeding and Malatia transmission

6olte50,1 Impact of irrigation on mosquito breeding

A comparison of the Perkerrs irrigation scheme area and
the none~irrigated area Endau village shows that mosquito
abundance was significantly higher at the former., At Endau

where mosqguito breeding depended entirely on local rainfall,



A.gapbiae Was completely absent between January and April
and was found in appreciable mumbers only between May and
August,; vith a peak in July., At Perkerra, on the cther
handy Asgambiase was collected throughout the year, but
especially between April and December, with the population
peékji; $eptembero The ratio of this species collectéd
from”thé twe locations was 331, There wWas alsa more
éofunegggg and cuiicine species at Pérkerré than at Endau
although for A.funestus the numbers collected from both
locations were too small for statistical analysis. These
findings are in agreement with the chbservations of several
workefs who have stated that irrigation premotes mosquito
breeding (WoHoOog 1967, Surtees, 1970 a; Ghandler and Highton,
1975; Simpson; 1975; Chandler, 1976), In terms of species
diversity there was no difference between the irrigation

scheme area and the non-irrigated villageo,

Hovwever, a comparison of the irrigation scheme area
and the Loboi swamp shows more mosquitoes {(both species
and numbers) were breeding in the swamp than in the
irrigation scheme. All the 17 species of mosquitoes collected
and identified in tpis study were found to breed in the swamp,
buticnly 5 of them were found in the irrigation scheme., More
individuals of every species were collected at Leboi than at

Perkerra., For example, the four major species encountered,

Ao.gambiae sole, Aefunestus,A.pharoensis and C quinquefasciatus

were colliected in the following ratios at Perkerra and Loboi

(Kapkuikui) respectively:



Aegambia.e 1:?07
A, funestus 1:53
A.pharoensis 063

¢ .guinguefesciatus 1:13

Thus both in terms of species diversity and the relative
numbers o{nindividual species the svwamp Was more productive
than the irrigation scheme (see also Tables 't and 2, Chapter
3). Further more, the studies of Surtees (1970 a), Chandler
and Highton (1975) and Chandler (1976) at the Ahero irriga-
tion scheme in Kenya, and those of Heathcote (1970) ; Surtees
(1970 b) and Mogi et al. (1984, 1986) in different parts
of south east Asia indicate that mosquito breeding at the
Perkerra irrigatian scheme Was minimal compared with other
irrigation schemes, both in respect of species diversity
and relative abundance. For example Surtees (1970 a) recorded
12 species, L, anopheline and 8 culicine, as breeding in the

Ahero irrigation scheme.

As Has already been pointed out, the fast flow of
water in the irrigation canals and the practice of intermi-
fféﬁt irrigation rather than prolonged flooding of cultivated
fields are mostly responsible for this relative paucity of
mosquito species and numbers. In addition, the practice
of regular clearing of vegetation from the canals,; apart
from ensuring the fast flow of water, also made them particu-

iarly unsuitable for the breeding of species such as



A . funestus and &.pharoensis which require vegetation in their

breeding sitess

The Perkerra irrigation scheme therefore offers a good
example of where irrigation practices, involving environmental
manipulations, directly rweduce the diversity and numbers of
mosqﬁitoes capable of breeding in ite. Potential smnail vectors
of schistosomiasis are also completely absent from the scheme
for the same reasons. Lt must be noted that vector control
was not the aim of the irrigation board in intreducing these
environmental manipulations. The primary aim Was wWater con-
servation., The water level of the Perkerra viver is lov,
especially during the long dry period, and the intermittent
irrigation system is aimed at minimizing wWater usage (Annon.,
1987 b)° Only cxrops which can survive on this type of irri-
gation are planted on the scheme. Even the constant weeding
of the water channels is aimed primafily at ensuring the
non-obstruction of water flow. The highly desirable effects
of these practices on vector populations strongly suggest
that they should be positively encouraged so as to maximize

the bgnefitso

6.hs5:2 Impact of irrigation on malaria transmission

Inspite of the disparity in vector numbers, malaria
was as prevalent, oxr even more prevalent, in the irrigation
scheme than in the swamp area. In two of three malaria

surveys among school children, Perkerra Primary School, omn

the irrigation scheme, had higher perceuntages of infection
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than Kapkuikui Primary School near the swamp {(Table 21).

One of these differences (October) was highly significant
(12=12°61, p4 0,001). During these surveys, all the 7 cases
of gametocyte.presence in the blood, were recorded in
Perkerra. Also, 62% (16/26) of heavy infection cases were
recorded in Perkerra. as against 35% (9/26) at Kapkuikui.
These ére*strong indications of a higher degree of transmi=

ssion at Perkerra than at Loboi.

-The explanation for this apparent contradiction of
fewer mosquitoes causing more malaria, was found in the
analyses of some of the epidemiological factors involved in
malarié transmission. The three most important factors are
the sporozoite rate, the biting rate and the survival rate
of the §ector (Macdonald, 1952 a3 Bruce-~Chwatt, 1985). ‘The
mean sporezoite rate for A.gambiae at Perkerra wWas higher
than that at Loboi. O©On the other hand, the mean bites per
person per night Was higher at Loboi, as a result of higher
mosquito densities, than at Perkerra (Table 19). These two
differences which were not significant statistically seemed
to have cancelled out each other, makirig the mean inoculation
rate (biting rate x sporozoite rate) in the two locations
apb}gkzaat ely equal (0,048 and 0,053 for Loboi and Perkerra
respec»;vely) The mean su*vtva1 rate of A gamblae at
Perkerra (O 87) was, however, significantly nlgher than at

LObOi (0-81)9 (K =6o79 pLO°O1)Q

The most important factor in the determination of
malaria transmission in any locality is the mean life

expectancy of infective vector, (Macdonald, 1952 a; Bruce-



Chwatt, 1985). It i8 o function of the daiiy survival rate

and the durationféf the extrinsic or sporogonic period of *°
d@velopmenﬁo The:axﬁrinaie period of development is the time
(in days) it takes the malaria parasite to develop inside
the mosquito and, for Piéémoéium falciaargm,'is about 12 days
at 2603'(@13@@0%1@, ﬁ952 " ﬁmce«»@hwatﬁs 1985}; The highex
B

daily survival rates of A.gambise at Ferkerra than at

tiiervéfore . means that the mosquitoes lived longer at

development of the malarvia pa ra51te5 than a2t Lebeio It alsc

impt es that female Aogambiaa mosquitees

O

culd giz approxima=

tely the same numbers of infective bites/p@rson/night {as

determined by the mean inoculation rates) over a significgntly

@

longer period at Perkerra than at Loboi. Thi:
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for the higher infection rates at Perkerra despite the lower
moesqguito densitys

The mean inoculation rate of éogaébiac was four times
higher than that of épfunegtus at iabéi where Both Species/

cccurred in appio imatalv equal nuﬁbers {0, 053 6 0133, Tabée 19}

futo

The role of A.funestus in malaria transmission was evedently

sagligible when compared with A.gambiac,

B

Degspite its higher

numbers at Loboi than at Perkerrvra, infect on Was 2till highew
at the latter location, Its importance liez probably in help-
S AR AT

ing to maintain transmission during the pericd of low A.gambige

Jfﬂ're : Erarats

The higna;;survival'rates of adult &;ggmbige at Perkerra

is probably due to the greater shade provided by crops,



Chwatt, 1985). It is a function of the daily survival rate
and the duration of the.extrinsic or sporogonic period of
development. The exirinsic period of development is the time
(in days) it takes the malaria parasite to develop inside

the mosguitc and, for Plasmodium falciparum, is about 12 days

at 26% (Mécd.onald, 1952 .; Bruce-Chwatt, 1985). The higher
daily survival rates of A.gambiae at Perkerra than at Loboi
therefore . , means that the mosguitoes liQed longer at
Perkerra. This period was adequate for the completion of
development of the malaria parasites ithan at Loboi. It also
implies that female A.gambiae mosquiéees could give approxima-

tely the same numbers of infective bites/person/night (as

determined by the mean inoculation rates) over a significently

;l

longer period at Perkerra than at Loboi. This was responsible

t.l

for the higher infection rates at Perkerra despite the lower
mosquito densitye.

The mean inoculation rate of A.gambiae Was four times
higher than that of A.funestus at Loboi where both species
occurred in approximately equal numbers (00053:050133, Table 19),
The role of A.funestus in malaria transmission was evedently
negligible when cecmpared with A,gambiae. Despite its higher
numbers—at—Loboi than at Perkerra, infection was still highef
at the latter location. Its importance lies probably in help-
ing}%b maintain transmission during the period of low A.gambiae

numbers,

“The higher survival rates of adult A.gambiae at Perkerra

is'probably due to the greater shade provided by crops,
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specially those such as pepper and bamanas wWhich continue

to grow long after the rains have stopped. There have also
been massive tree planting by the settlers and the Ferestry
department in the scheme area. In addition, the numerous
animal burrows along the edges .of the irrigation canals
create micro—climates conducive to mosquito survivale. Exclud-
ing the sWamp, Lobei is drier and more sparsely forested
except during the farming season, which coincides with the

rainss
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CHAPTER 7

SUMMARY
1o A comparative study of the ecclogy of mosquitoc wvectors

of malaria was undertaken in the Perkerra irrigation scheme
and the Loboi swamp in Marigat division of Baringo district,

Kenyas

2 o The species diversity and seasonal pepulation fluctua-

tions were studied in relation to the following climatic

factorss Rainfall, Temperature, Relative Humidity and

Vindspeed.
Se Seventeen mosquito species were collected and identified

in the area during the studye. Seven were Anophelini and
ten were Culicini. A1l 17 species vere . breeding in.the
Loboi sWwamp while only 5 species wWere found at the Perkerra

"

irrigation scheme.

A

4, Two of the species, Anopheles gambiae s. 1l and

A.funestus are kuown malaria vectors in Kenya. A third

speciesy; A.pharoensis, is a vector in some pabts of the..

o

world but not in Kenya. The detailed ecological studies

focussed on these 3 speciese.

5 o Anopheles gambiae and A, funestus breed all y ar round

in Loboi and were the most abundant species there. A.pgambiae



resched its peak population at the height of the rainy

season, April - June. A.funestus peaked towards the end

of the cocol dry period, August - November, Aopharcensis

Wwas collected in May =~ December only, with a peak in Julye

6. At Perkerra, A.gambige was the most abundant species
and was found all year round, with the peak population in

September, three months after the rains. Ao.funestus wWas
P 9 Ao BC o Vi

very scanty while é.pharoensis Wwas absent.

T Rainfall was the most important factor re vlating
{
A.gambige numbers at Loboi and there was a highly

significant corr@lation between numbers and rainfall

(p4 0,01, by Anova) e

Bs . At Perkerra there wWas no correlation betvween
rainfall and A.gambiae numbers. Lrrigation practices rather
than climatic factors were the mo jor factors regulating

mosquite diversty and abundance.

o Intermititent irrigation, b 1imiting the amount and
b

duration of water suitable for mosquito breeding, reduced

their numbers in Perkerra., Constant weeding of the irrigaticn
canals rendered them unsuitable for species such as A.funestus

and A.pharosnsis which require vegetational cover 'in their

breeding sites.



1Q Stagewspecific and age-~specific survivorship of

the immature stages of Ancopheles gambiae were studied using

vertical life table methods. Adult survival rates and age
composition were estimated from parous ratios based on

ovarian dissections.

11 Survivorship during the rainy season, from first
instar to emergence was 0,085(91,5% mortality) at both
Lobei and Perkerra, Lt dropped to zZero (measured only at

Loboi) in the dry, season.

12 Mortality factecrs Were mot analysed but known
predators of mosquito pre-imagines found in the breeding sites
were collected and counted, The great diversity and large
numbers 5f these predavors collected suggested that predation
was an important mortality factore. .No evidence of larval

infection with Coelomomyces or any other pathogen was found.

i3 There was a seasconal vaviation in the age compositiocon
of adult female A.gambise both wWithin and between hahitats.

The parcus rates wWere lowest in the dry season, February-March

and highest in the cool dry period following the rains, July-

Septembex, In both habitats there Was -a significant difference

between the lowest and highest parous rates (p40.01). Mean
parous rvates were significantly higher at Perkerra than at

Loboi (p£0.01).



14 Baily survival rates were Significantly higher at
Perkerrathan. a¢ Loboi (p{0,001), The relationship between
mortéiify and age wWas not investigated but the parous and
daily survival rates obtained were high enough to suggest
that mahy females lived up to the age at which most malarig
transmission cccured (5 « 7 oviposition cycles),

15 , The higher survival rates at Perkerra is thought to
be due teo factors related to irrigation, chief among which is
thg provision of cooler and more humid micro-climate by

growing crops and shade trees,

16 Vector behaviour was studied with respect to biting
activity, resting habits and host preferences in the three

ma jor anocpheline species,

L4 The pattern of biting activities indoors 2nd cutdoprs
in-edch of the three species were similar, suggesting that

the indoor and outdoor biting populations were hemogeneocus,

18 Biting activity for Ancopheles Sambiae and funestus

Was higher indeors than outdoors while it Was the conwerse

for A.pharoensis. Peak biting activity for A.gambiae and

A+ funestus occurred at 2300=0100 hours and 0100—0500 hours

respectively while in A. pharcensis the peak was at 2100=2300

hours, __



19, A.gambiae and A.funestus were essentially endophilic,
¥

that is,uhouSE—haunting in their rvesting habits. However,

the ratio of freshly fed to gravid in indoorx resting

4.gambige Was significantly higher (p 2;00001), indicating

that there was a considerable degree of exophily among the

gravid females., This incipient exophily was also noticeble

in A.funestus gravid females but to a lesser degree than in
e £BINES LIS

gambiae.

20, Anopheles pha¥oensis wWas strongly exophilic, with up to

79% of the females leaving the house after feeding to seek

outdoor resting sites.

2% Anopheles mambiag¢ wWas strongly anthropophilic, and

fed predeminantly en human ®leed, A,funecstus vWas moderately

so while A.pharcensis preferred feeding on bovine blood.
The rvespective human blood indices (HBIL) for the three were

88,6%, 58.8% and 35.7%.

22, Malariometric studies established the prevalence
and seasonality of malaria transmission and the reilative

importance of the two main anopheline species as vectors.

23,  Calculations of the crude inoculation rates showed
that malaria transmission was highest April - July and
lowest December -~ February at Loboi,'whereas at Perkerra,
transmission ¥Was highest July - September and lowest

Becember -~ February.



2L, Malaria infection rates among school-age children

was highest at Loboi in July (16.9%) and at Perkerzra in ;
of = . , .

October (26.9%). The 5~9 year olds were most susceptibl

to malaria followed by the 10-14 year olds. In infants

the highest infection rates were in the 12-22 month olds
&
250 Malaria prevalence rates vere similar in the two 1

de

tions in March and July but vexe significantly higher at

Perkerra than at Lobei in Jctebex (p s 0.001). Simce me

T
crude imnoculation rates were egqual in the IWo leccations

es was probably attribuj

r
&

the difference in prevalence ral

to the higher survival rates of A.gambiae at Perkerra.

26, The mean crude inoculation rate of A.gambiae vas
times higher than that of A.funestus (OQOBSg 0.013)s th

former 18 a more efficient vecitor than the latte

4
o
=3
=i
e

although A.funestus Yas present in egual numbers as A.J

at Loboi but was almost totally absent at Perkerra, mal
prevalence wWas slightly highexr in the latter lecation.

shows that the role of A.funestus in malaria transmissi

very negligible and that A.gembiae Was tHe main veéctor

RaSiaaie i ad

27« T comparing the overall contributicns of the Per
irrigation scheme and the Loboi swamp to mosquitc breed

and malaria

-+

transmission, it is concluded that the Perk
irrigation scheme does not promote mosquito breeding to
same extent that is found in many other irrigation sche

It is therefore strongly suggested that those beneficia




irrigation practices such as intermittent flooding, TreEpon—
sible for reduced breeding and malavia transmission should

be pasitively encouraged.
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