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ABSTRACT

Ecological studies on the anthropophilic Anopheles mosguitoes
o+ Ghibe Farm were conducted between April, 1987 and March,
19628 (i months), and between November, 1988 and February,
1289 (4 months). It was found that malaria is endemic in the
area. P. falciparum was predominant (21.6% and 46.6%4). F.

vivax was detected at a very low freaguency (1.74). P,

falciparum was more prevalent among children (£3.8%) than
among adults (36.9%). The anopheline fzuna of the area was
composed of An.gambiae s.l.. An.pharoensis, An.coustani

coustani, An.longipalpis, An. pretoriensis, An. natalensis,

An., qarphami, An. christyi and An. squamosus. An. gambiae

s.l. and An. pharoensis were the most anthropophilic species.
An. gambiae s5.1. were equally endophagic and exophagic and
presumabily the most important malaria vector in Ghibe. An.
pharoensis were mainly exophagous in their feeding behaviour,
and may play a secondary role in malaria transmission in the
area. The average man-biting rate of An. gambiae s.l. (3.0

bites per man per evening) indoors exceeded that of other
anopheline species. Outdoor man-biting rate of An. gambiae
s.1. (2.3) and An. pharoenisis (2.5) were similar. The other
anopheline species were less anthropophilic and more

exophagic 1in their feeding behaviour. 62.7% of An. gambiae

s.l. and 68.4% An, pharoensis caught on human ba:t were unfed




females. Fed females made up 23.8% and 19.7%,

respectively.About £25.9% of An. gambiae s.l. and 24% aof

An.pharoens.s dissected were pregravid and nuiliparous
females. 3-parous and oclder females constituted about 45.6%
and 48.2% of the dissected females, respectively. The oldest

females caught were 9-parous.
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1. INTRODUCTION

Malaria is one of the most important vector-borne
diseases that prevail i1n tropical Africa. The impact of the
disease as a major public health problem in most parts of the
tropics has been long understood. It is one of the worst
scourges and a serious obstacle to development 1in many
countries. Attempts to control malaria in most parts of
Africa, as in other parts of the world during the last four
decades, have met with challenging drawbacks and the disease
remains a threat in the forsseeable future (Molineaux and
Gramiccia, 19203 WHO, 1984).

Malaria 1is known to be & long-standing communicable
disease 1in Ethiopia. fit present 1t is reported as a major
health problem in many parts of Ethiopia and its deleterious
effect on the sconomy of the czountry far surpasses many of
the other communicable diseases (Wang, 196c; Gebre Mariam,
1384) . in Ethiopia the disease has influenced the
settlement and occupaticonal pattern of the population in the
past. The gradual movement of the population from the
overcrowded highland areas i1ntoc the fertile and yet malarious
lowland regions has been in progress for some time (Schaller,
1972; Gebre Mariam, 1984). FPeriodic malaria epidemics
were common and their effects severe in many parts of the

highland regions. Episodes of malaria epidemics at different



times are well documented (Covel, 19573 Fontaine et al.,
19613 Chand, 1965; Wang, 19663 Schaller, 1972).

In a summarized presentation on the malaria situation,
Gebre Mariam (19384) reported about 754 of the country as
either malarious or potentially malarious, and &4% of the
Ethiopian population at risk of being infected. Despite the
continued control operations dating back to the 1960s when
the Malaria Eradication Service was established, the disease
has still persisted in many different foci in the different
regions of Ethiopia.

As in many other countries, altitude, topography and
climatological factors mainly determine the prevalence of
malaria in Ethicpia (Covel, 195973 Wang, 1966; Schaller,
1972, Gebre Mariam, 1934). The disease is& endemic in
different focli and the most vulnerable and endemic areas are
found 1n the lowland regions of the country. Malaria
transmission seldom occurs above 2000 meters and the disease
is unstable in higher aititudes, for instance beyond 1800 m.
Climatological factors such as rainfall and temperature at
such high altitudes arrest the required population dynamics
of vector species and the extrinsic cycle of the malaria
parasites in the vector for stability of the disease.
However, pericodic epidemice occur as a result of exceptional
weather, which favour proliferation and longevity of vectors
and the extrinsic developmeni of the parasites at altitudes
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overl800m (Wang, 13563 Fontaine et al., 1961).

Variation in the degree of endemicity is also determined
by altitude, topography and climatological factores. Meso-
and hyperendemic areas are found at lower altitudes with
permanent breeding sites. In low-altitude riverine areas with
convenient breeding sites, transmission is usually perennial
with slight seasonalt variations i1n magnitude. The peak
transmission seasons, following the end of the heavy rains in
mid- Septemher and arcund the short-lived showers of April -
May, are more or less similar in most parts of the country
(Gebre Mariam, 1384).

Anopheles mosquitoes are the only insect vectors of
human malaria under natural conditions and are crucially
important in  the epidemiology of malaria transmission.
Fioneer information relating to malaria in Ethiopia goes
back to investigations and surveys carried out by Italian
workers duwing the Ethio-Italian war. Both preliminary and
detailed studies on the spidemiology of the disease were
conducted by Lega et al. (1987), Corradeti (1939, 1940) and
Mara (1943, 1950). Malville et al. (1345) also studied the
prevalence and transmission of malaria and the vectors
involved in diftferent parts of Ethiopia. Giaquinto-Mira
(13950) has investigated the distribution and biology of the
Anopheles mosquitoes in different parts of Ethiopia.

Information on the anocpheline fauna was enriched by Covel

2



(1957) during his investigations on malaria and its vectors
in various parts of the country.

Later on, some detailed work on malaria and Ancpheles
mosquitoes was undertaken in different parts of the country.
Fontaine et al. (1961) reported on the 1958 malaria
epidemics, which had devastating effects in a number of the
highland provinces in the country. Subseguently, Verrone
(12e2a, 1968b) produced keys +for the determination and
identification of malaria mosquitoes to clarify the
epidemiclogy of malaria in Ethiopia. Q0’Connor (19£7) also
reviewed and recorded the distribution of the Anopheles
species of Ethiopia. Krafsur (1970a, 1970b, 1971, 1377}
reported detailed studies on the ecology, bionomics, and
population dynamics of the Anopheies mosguitoes of Gambela
with respect to malaria transmission. Schaller (1972
summarized pertinent information regarding the epidemiology
of malaria in Ethiopia.

Notwithstanding the importance of these and similar
works, the scarcity of entomological data on vector species
in different malaria foci in Ethiopia is strongly felt
(Gebre Mariam, 1284). The Ghibe Horticulture Development
Farm, where this study was conducted, occupies a part of the
Ghibe River valley system. It is one of the many fertile
lowiand malarious aress which 1is being turned into a

successful  agricultural development scheme. In view of



current situations such as famine and resettlement, emphasis
ie laid upon the expansion of agriculture as one of the ways
for deveiopment in the country. Malaria is predominantly a
rural disease and thus severely hampers agricultural
development. it has been long understoed that in malarious
areas agricultural development schemes could be successful
only when the problems of the disease are curtailed or
resolved. Entomological studies on the distribution,
identity, ecology, behaviour and vectorial status of
anopheline mosquitoes, together with a sound knowledge of
associated environmental factors of the different malarioug
areas, would ultimately contribute to the control and
possible eradication of malaria from any country, including
Ethiopia. It is believed that base—-line data obtained +rom
close and effective entomological, parasitological and
related studies will facilitate arn understanding of the
factors which bear upon the persistence or aggravated
transmission of malaria in ditferent regions.

The aim of the present project was to gather year-round
relevant information on the anthropophilic anopheline
mosquitoes of the Ghibe Horticulture Development Farm, and
therby tfacilitate future control of malaria and its vectors
in and around Ghibe.

Here after I will attempt to review the most relevant

information on the Anopheles mosquitoes that are widespread
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and important as vectors of malaria in Ethiogpia and the rest
ct Africa. The large number of the Anopheles species that
exist in Etniopia and elsewher in Africa have bean
intentionaily left cut unless conditions dictated.The

following topics have been given special attention in this

review.

1.1 BDistribution of Anopheles Mosquitoes
Among eariier workers who studied the distribution of
Anopheles mosquitoes in Ethiopia, Lega et al. (1387) reported
the occurence of about 14 anopheiine species in different
partis of Ethiopia. Corradeti (1939, 1940) recorded more
than ten anophelines in Wollo province and considered AnNn.

gambiaeg and &n. pharcensis as primary and secondary vectors

of malaria, respectively. Mara (1943) identified An. d’thali
and Ar. gambiae as the dominant species along the Barca
river 1n Agordat, northern Ethiopia. Mara (19350) also
reported about eight aropheline species in Tessenei (North-
eastern Ethiopia) and incriminated An. gambiae as the
principal vector of maiaria, causzing epidemics in the area.
The other ancpheline species including An. pharcensis, AN.

sguamosus, An. coustani, An. d’thali and An. pretoriensis

were presumed to play some role in aggravating the epidemic
gsituation. Giaquinto-Mira (1950) described the distribution
and breeding bhabitats of some of the important Apopheles
mosquitoes of different parts of Ethiopia, including that of

)



An. gambiae, An. funestus, An. nili, An.oharcensis., Sn.

longipaipis, An.pretoriensis, fn, chrisiys, An. garnhami and

others. Verrone (i9¢2a, 19:2b) recognized the existence of
about 34 species of (nopheles in Ethiopia. But one of the
most comprehensive works on the distribution of Anopheles
mosquitoes that of G/'Connor (1967). The author reviewed the
works of many investigators and recorded the distribution of
34 species and 2 subspecies by province.

More recent reports indicated that about 42 species of
Anophelesrosquitoes have been i1dentified and recorded from
Ethiopia (Gebre Mariam, 1284). As for most parts of Africa
south of the Sahara, the main vectors of malaria in Ethiopia
are the An. gambirae comolex and thefAn funestus group
(Melville gt al.,1945; Giagquinto-Mira, 13503 Covel, 1557;
Fontaine et al., 1281; Mekuria and Woldetsadik, 1370; Wang,
19663 O0‘Connor, 19673 Schaller, 19723 Gebre Mariam, 1334).
According to these reports, An. gambiae s.1l. was the major
vector responsible for epidemic outbreaks in some parts of

Ethiopia, whereas An. gambiae s.1. and the An. funestus

group are the most important vectors responsible for the
maintanance of endemic malaria in the country. An. gambiae
5.1« 4% widely distributed throughout Ethiopia (0'Connor,
1967) . The recognition of tne existence of sibling species

of the An. aqambiae complex initiated the demarcations of the

diegtribution of these sibling species (Davidson, 19673 White,



1974a) . Among the six sibling species in the An. gambiae
complex,An. gambiaz S84 An. arabiensis and
An.quadriannuiatus occur in fresh water habitats; and only
An.arabiensis and An.guadriannulatus have been recorded from
Ethiopia (White, 1974a; Krafsur, 1977).

An. gquadriannulatus has been reported to occur in the
highland regions of Ethiopia. So far, this species has not
been incriminated as a vector of malaria. Lack of evidence
of natural infection in An. guadrianoulatus may be ascribed
to its low anthvropophilic indices, bhigher degree of exophily
and the cool climatic zonditions in which this species
occurs, which limits extrinsic parasite development (White,
1974a White et al.,1280). According to these workers
cytogenecic methods can be effecrively used to distinguish
the non-vector An. quadriannulatus +rom the efficient vector
An. arsbiensis, both of which occur in Ethiopia. Since An

ganbiae s.s. has never been recorded in Ethiopia, malaria

transmission by An. aqambiae complex as cited by various
workers in the past lends credence to An.arabiensis as the
principal vector of malaria in the country.

Most of sub-Saharan Africa is infested with a mixture of
An.gambiage z.s5. and An. arabiensis. But it i1s also recorded
that these species occupy separate gecgrapnical areas, as a
result of climatic factors (Davidson, 1367; White, 1974a).

Observations have indicated that An. arabiensis i1s widely



associated with more arid habitats. According to White et al.
(1972) and White (1974a), An. gambhiae s.s. is unknown sc far
from the Horn of Africa and southern Arabia, where An.
arabiensis is common and widespread, probably due to the
barriers formed by belts of dry savannah and steppes.

The An. funestus group, a principal vector of malaria
second to An. gambiae s.1. 1in Ethiopia and other parts of
Africa, are found in most of the regions in the country. An.
funestus have a scattered and relatively localized
distributicnal pattern, probably due to their préference to
breed in large and more or less permanent water—-bodies, where
shade is availablsz (Smith. 13643 O0‘Connor, 1267).

Vectors of secondary importance in the transmission of
malaria in the various endemic foci of Ethiopia inciude An.

nili and An. pharoensis (Krafsur, 19773 Gebre Mariam, 1924).

e

In some restricted localities where the principal vectors are
absent or rare, these species were found to he the major
vectors of local importance, both in Ethiopia and elsewhere

in Africa (Service, 126Y3 Wang, 196&, Krafsur, 1970a).

1.2 Breeding Habitats
Anopheles mosquitoes breed in all kinds water-bodies and
the breeding habitats are as varied as the altitudinal ranges
in which they occur. The most important and widespread
malaria vector in Ethicpia, An. arabiensis, breeds in a wide
range of habitats, usually in semi-permanent water bodies.

9



Generally, An. arabiensis has a preference to breed in semi-
permanent pools of rainwater or overtlow pools, roadside
ditches, clogged drainage ditches, small borrow pits, wheel
ruts, hoof-prints, natural depressions in the ground, small
irrigation canals and man-made cement-iined tunnels (Stevens,
19843 Zahar, 1984). Wang (1966) reported An., gambiae s.1. to
breed in habitats such as puddles, shallow ponds, pits,

animal footiprints, ditches, seepages and along edges nf lakes

and swamps. D'Connor (1367) also reported An. gambiae s.1.
found breeding in smalil, natural or artificial, sunlit

collections of water usually without floating vegetation.

The An. funestus group breeding habitats are
characteristically of a more or less permanent nature.
Vegetation shade 1s highly preferred (0’Connor, 13967). Covel
(1937) and Krafsur (1277) reported An. funestus as the
dominant species in swampy areas along the adges of takes and
rivers. It 15 also reported as a stream breedery; showing
strong preference for shade. LUe Meillon (1971a) reported the
An. funestus group to breed i1n shaded habitats found along
perennial streams and rivers. On the whole, clear freshwater
is preterred and organic polliution not tolerated.

An. pharoensis has a patchy, more or less similar
pattern of distribution to that cf the An. funestus group.
In Ethiopia this species breeds in shaded permanent water
found near swamps, along lake shores, in rice fields and in

10



irrigation ditches (0'Connor, 1967). e Meillon (19S1a,
1951b) reporied An, pharvensis as mostiy a swamp breeder.

An. nili was reported to be mainly a stream bracder and
was fraquently found along the edges of streams and large
rivers in vegetation or in shade (D& Meillen, 1951a, 1951b).
Krafsur (1970, 1977) reported that peak density of An. nili
correspond nicely with mazimum flooding of the Baro river in
Gambela. The author recorded the occurrence of about 16
Ancpheles species 1n Gambeia and asscciated the prevalence
and density of most gpecies with the flooding of the Baro
river. The principal braeding sites of all these species
were broad pools and swamps formed by flood water (Krafsur,
L)

An. cousianl coustani, An. Chrisztyl and An. SQUaMOSUSs

are mainly swamp bregders in Africa (e Meillon, 1951a,
1951ib) . According to this author, An. sguamosus requires
some shade. An. coustani coustani can breed without shade as
far as floating vegetation is available. In the case of An.
christyi, shade is not essential and lavvae are tolerant of
organic pollution (Ge Meillon, 1951b). An. pretoriensis
breeds 1in a wide variety of water—-bodies which are not

heavily shaded, i1ncluding seepages.

1.3 Ezeding and Resting Habits

Feeding and resting habits of female adult Anopheles

il



mosguitoes are essential components of the epidemiology of
malaria and determine the i1mportance of vector species.
Moreaver, the effectiveness of i1indoor residual spraying with
inseciicides depends, among other faciors, on the feeding and
resting habits of the vector species involved. An. gambiae
£.5. and An. arabienesis are the two most anthropophilic and
efficient vector species of the An. gambiae complex (Pant et
alis o -AS8E) . fAn. guadriannulatus appears to be entirely
zoophilic and exophilic, and probably is not a vector of
human malaria (Davidson, 19673 White, 1974a; White et al.,
1980)-. FPrecipitin test results firom several AN
guadriannuliatus +emales from Ethiopia indicated a negligibie
Human Elood Index (HBI) (Smith, 1964; White et al. 1980).
Anopheles gambiae s.5. 15 more anthropophilic and
endophilic than An. arabiensis (Davidson, 19673 Service,
19703 White et al., 19723 White, 1974a3; Highton et al.,
= s According to these reports An. arabiensis is more
catholic in its feeding and resting behaviour, depending on
the availability of hosts and hospitable resting sites.
According to Highton et al, (1972), An. ganbiae s.5. was
found to be more anthropophiliic than eg;' arabiensis with 92%
aof the former feeding on man compared to 29% of An.
arabiensis. Cattle were ihe favoured host of An. arabiensis
with 59% chosing this host compared to only S%4 of An, gambiae

$.5.. In the presesnce of a choice of suitable hosts, the HBI

ie



mosgquitoes are essential components of the epidemiology of
malaria and determine the importance of vector species.
Moreover, the effectiveness of i1ndoor residual spraying with
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Anopheles gambias s.5. 15 more anthropophilic and

endophilic than An. arabiensis (Davidson, 1967; Service,
19703 White ei al., 1972: White, 1974aj; Highton et al.,
ey I According to these reports An. arabiensis is more
catholic in its feeding and resting behaviour, depending on
the availability of hosts and hospitable resting sites.
According to Highton et al, (1972), An. gambiae $.S5. was
found to be more anthropophiliic than QQ;. arabiensis with 92%
of the former feeding on man compared to 294 of An.
arabiensis. Cattle were ihe favoured host of Apn. arabiensis
with 59% chosing this host compared to only 5% of An. gambiae

s.s.. In the presence of a choice of suitable hosts, the HBI
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of

An. ambiae s.s. exceeded that of An. arabiensis (White
et al., 1972, Highton et al., 1979). White et al. (1972) have
reported HEI values of 91.2% for An. gambiae s.s. and 60.9%
for An. arsbiensis, whereas the HIB value for An. funestus

group was 97.5%. An arabiensis were more exophilic (2.2

times) than An. gambiae s.s. (Higton et al., 1979). EKrafsur

(1977) reported that An. gambiae s.1. f{(presumably An.

arabiengis) and An. funestus group females were to a large
extent encophagic in their feeding behaviour, whereas An.

Qhardensis showed & similar choice of feeding indoors and

outdoors. An. nili and An. wellcomel showed considerable
endophagic benavior in Gambela, but the An. coustaniy complex
were markedly exophagic.

Giaguinto-Mira (1950) reported house frequenting habits

both in An. coustani coustani and An. christyi, whereas

elsewhere in Africa these species are regarded as more or
less exophilic and generally zoophilic (De Meillon, 1951b).

An. coustani ziemanni, An. deneilloni, An. implexus, An.

rufipes, An. maculipalpis, An. paludis, An. pretoriensis, An.

rhodesiensis and An. sguamosus are generally considered
exophilic species, which do not enter human habitations
readily. These species and others are known to occur in
Ethiopia. Since they have been found infected with malaria
parasites in nature (De Meallon, 1951ib), the feeding and

resting behaviour of these species have been observed 1in

13
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of An. gambiae s.8. exceeded that of An. arabiensis (White
et al., 1972, Highton gt al., 1979). White et al: (1972) have
reported HBI values of 91.2% for An. Qambiae £.3. and 60.9%
for An. arasbiensis, whereas the HIB value for An, funestus
group was 97.5%. An arabiensis were more exophilic (2.2
times) than An. gambiae s.s. (Higton gt al,, 1979). Krafsur
(1977) reported that An. gambise s.1. (presumably An,
arabiensis) and An. funestus group females were to a large
extent encophagic in their feeding behaviour, whereas An,
pharoensis showed & similar choice of feeding indoors and
outdoors. An. nili and An. wellcomel showed considerable
endophagic benavior in Gambela, but the Qg; coustany complex
were markedly exophagic.

Giaguinto-Mira (1950) reported house frequenting habits
both in An., coustani coustani and An., c¢hristvi, whereas
elsewhere in Africa these species are regarded as more or

less exophilic and generally zoophilic (De Meillon, 1951b).

rufipes, An. maculipaipis, An. paludis, An. pretoriensis, An.

chodesiensis and An. sgquamosus are generally considered

exophilic species, which do not enter human habitations
readily. These species and others are known to occur in
Ethiopia. Since they have been founo infected with malaria
parasites in nature (De Meillon, 195ib), the feeding and

resting bahaviour of these species have been observed in

13



regard to their importance as possible local vectors of

malaria.

1.4 Sperozoite Rate and Vectorial
Efficiency of Anopheles Mosguitoes
aAmong the various species of Anopheles mosquitoes
described and recorded in Ethiopia, only a few are recognized
as importani vectors of malaria. The principal vectors are

An. arabiensis and the An. {funestus group, while AN,

gharoensis and An. nili play a role as secondary vectors in
the transmission of malaria (Gebre Mariam, 1984). Important

factors that determine the vector status of a species

include longevity of that species, favourable climatic
conditions, availability of host, and feeding and resting
habits. The combined efiect of these factors should ensure

the vector to 1live long encugh to aliow development and
transmission of the malaria parasite tc another host.

Vector status of anopheline species can b2 measured by
detemrining the sporozoite rate in a given population. The
sporozoite rate, together with the biting frequency and
inoculation rate, give an index of the risk of malaria
infection in & given area (Molineaux and Gramiccia, 1980). A
number of investigators have recorded sporozoite rates for
the main vectors of malaria 1n Ethiopia and other parts of

Africa.



Bruce-Chwatt (1951) reported a mean overall sporozoite

rate in the An. gambiae group as S5.893% and a comparable
tigure of 4.96% in the An, {fungstus group. De Meillon

(1951b) reviewed the results of dissections by various
workers and enumerated about 20 Ancpheles species and
subspecies found naturally infected with malaria parasites.
But it was unknown whether the infections were due to human
o  non-human  species of Plasmodium. Vincke (cited by De
Meiiion, 1351b) reported 1two infections ameng 2,116 An.
coustani coustani dissected; he suggested a possible short
life-span of the female mosguito to explain the minimum
possibility ot acquiring infection in this species.
Giaguinto-Mira (1350) found one specimen of An. coustani
ziemanni with salivary gland infection in Harar, but the
number of mosquitoes dissecied was not specified. [Oe Meillon
(1351ib? stated that salivary gland infection rates in An.
nili ranged from 0.8 to 2.14 in different parts of Africa
when  the species showed a marked degree of anthropophily and
endophily. Davidson and Draper {(1253) reported 4.7%4 of the
fAin, gambiae 3.1. and 3.4% of the An. funestus group as
naturaliy infected with sporozoites in their salivary giands.
Sevvice (1963) dissected some mosguitoes in Nigeria and found

a sporosoite rate of 2.424% in An. gambiae s.l. and 1.63% in

fn. funestus. White et al., (1972) reported an overall

sporcroite rvate of 4.28% in An. gambilae s$.5., 1.82%in An.

R
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funestus, 0.32%4 in An. arabiensis and 2.68% in An. gambiae

S.1. in Tanzania.

ARccording to O’Connor‘s  (1957) review. attempte to
determineg the vector statuc of suspected anophelines 1in
Ethiopia were scarce. Disregarding salivary gland
dissections with negative findings, sporozoite rates of 0.03%
in Wello, 0.1%% at Marti in the Awash valley, ©0.2% in the
take regions in Shoa and Sidamo were reportgd in An. gambiae
s.1. (prezumably An. arabiensis).but dissections in An.
funestus to determine spaorozoite rates, as reported so far,
are limited and inconclusive. In Gambela, Krafsur §1977)

found that the infection rate in An. gambiae s.l. (most

probably An. arabinesis; was 1.87%4, in An. funestus 1.22% and
that for An, nili was 1.89%. No positive specimens were found
in the 155 dissections of An. pharocensis, nor in the 47

dissections of An. wellcom2i.

1.5 Age Composition and Fopulation

Structure in Anopheles Mosquitoes

The study o0f the age composition of populations of
Anopheles mosquitoes and other haematophagous Diptera has
undergone various modifizations through time. The piloneer
works of Folovodova and Detinova in the 1350s physiologica
age determinaticon based on counts of dilations 1in  the
ovarioles has iend a strong basis for relatively refined
present—day methods used in Anopheles mosquitoes (Gillies and

1e



Wilkes, 136357 . It has been stiated in earlier works that the

method was difficult to apply effectively to the chief

vectors of malaria in Africa (An. gambiae Giles and
An.funestus Giles) (Detinova, 19623 Giglioli, 1964). Age

determination in An. gambiaz Giles and An. funzstus Giles

were therefore restricted to a gross determination of the
praoportions of nulliparous and parous females in the study
population based on the absence or presence of follicular
relics, respectively. According to Detinova (1962), this
method was recommended to elucidate the population structure
of the major Anopheles vectors of malaria in Africa. The
same author also stated that mosquitoes cof all étaqes of
blood digestion could and should be used +for dissections to
determine thephysiological age of Anopheles populations.
Detinova and Gillies (1%64). based on some preliminary
studies sponsored by the World Health Organization (WHQ),
corncluded that Polovodova‘s method could be effectively

appliad to An. gambiae ard An. funestus except that 1t would

be more difficult than in An. maculipepnis. 6Gillies and
Wilkes (1965) inen carried out a series of dissections for
age determination on populations of both An. gambiae and AnN.
funestus in Tanganyika and compared their data with the
Calendar age obtained from mark-release-recapture techniques.

The authors reported that the reliability of the ovarian

aging method, 1n the case of An. gambiae and An. funesius,

17




mainly dépended on  experience and proper handiing of the
ovaries and ovarioles while dJdiszsecting. WNeveriheless, the
works of Uetinova (1962, 1963), Detinova and Gillies (1964;,
Giglioli (1964) and Gillies and Wilkes (1365) assert that
this meithod of phnysiclogicai age determination is applicable
to major vectors of malaria in Africa. Howaver, the
statement thati reliability of results depended cn experience
and axpertise should noi be overlooked.

Studies on the longeviiy of An. gambiae s.l. and An.

funestus in different paris of Africa indicated that the
cldest individuals were those which had completed i3 and 14
gonotrophic cycles (Gillies and Wilkes, 1365). Detincova and
Gilliss (1364) also reported that the oldest An. gambiae s.1.
females were individuals 1n their seventh gonotrophic cycle

and the oldest 1in An. funesius were females in their tenth

gonotrophic cycle. From mark and recapture experiments,
Gillies and Wilkes(196%) +ound that the oldest An. gambiae
s.1. female was 34 days old and had laid eggs 10 times. So
far, 1t has been ascerted that 3-parous and older females of
fn. gambiae 3.l. and An. funestus are epidemiologically
important in the transmission of malaria (Detinova and
Gillies. 19643 Gillies and Wilkes, 13983). Studies on the
longevity of Anopheles mosquitoes are important to assess the
extent to which control measures are effective. The presence

of older individuals in a population indicates that probably
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control measures are not as effective as they are intended to
be (letinova, 1958) . Studies on  ihe age structure of
populations of Anophelass mosouitoes have been used to obtain
information to estimate the degree of emergence and survivail
of the vector species in relation to disease transmission.

It must be pointed cut here that, apart from the limited
volume of information in the literature on malaria vectors in
other parts of tropical fAfrica., there is a scarcity of
pubiished information on attempts to determine the age
structure of Anopheies mosquitoes in Ethiopia using cvariole
disssctions. This fact should be appraised in view of the
need {for such information to elucidate the epidemiology of

malaria in any part of Ethiopia.



2. MATERIALS AND METHODS

2.1 EStudy Feriods

Actual sampling activities in Bhibe were preceded by two
preliminary field trips in February and March, 1987. These
trips were devoted to selection of sampling sites,
crientation of field assistants and overall reconnaissance of
the study area. Assessment of the malaria problem i1n  the
area and the feasibility of a routine year-round study were
considered during these trips. FRoutine monthly field trips
to  the study area were made between April, 1387 and March,
1988. Ternnical problems forced the interruptlion of monthly
field +irips which were resumed between November, 1988 and
February, 198%9. As a resuit of this, data are now available
oniy for the periods April, 1987 to March, 1%E3 and November,

1988 to February, 1989.

The Ghibe Horticulture Development Farm of the Ministry
of Agriculture is located in the Ghibe river valley system.
The Ghibe river is part of the upper course of the Omo river
system in Scuth-Western Ethiopis and is also known as the
Upper Omo. The study area is situated at about S km. to the
west of the main Ghibe bridge, which is some 180 km. south-
west of Addis Ababa, along the Addis Ababa-Jimma road (Fig.

1) .,
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The Bhibe Horticulture Development Farm where this study

0 0
was conducted is located at ahout &€ 13’ N and 37 33 E.

It

it

altitude is about 1110m above sea level. Even tihough the
altitude of the floor of the valley, where the +farm is
situaied, ranges between 1040 and 1140m, the escarpments of
the valley on both sides rise to an altitude of about 1600m.
The valley is about 30 km. wide at this point Gebre
Michael ,193%) .
The area receives an annual precipitation of about 759.1
mm. (in 1984} to 1016.23 mm. (in 1928). The mean annual
rainfall for five consecutive vears (1284 to 1988) was 870.3
nm . The heavy rainy season is during June, July and August;
while the short rains occur in Apiril and May (Appendix 1).

The long dry season stretches from the end of September to

the peginning of March . Mearn monthly minimum
8] Q
temperature ranges from 13.2 ©C to 18.6 C, whereas mean
QO Q

monthly ma=imum temperature vanges from 28.2 C to 37.2 C

(Rppendix &) . Average nonthly relative humidities at 0600
hrs. range from 79.3% to $97.3% and at 18oc hrs. from €2.8% to
81.33% {(Appendix ).

The Gnibe Farm occupies an expanse of land which 1is a
large part of the fioor of the valley iying on both sides of
the river. The Ghibe river, at this point of its course,
flows in a west-tec-east direction. The type of prevailing
vegetation is open grassland savannah. The vegetation

a2
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comprises ma2inly of grass whareas shrubs and woodland species
of trees are common. The vegetation and the wildlife
composition in addition to other pnysical parameters, were
described by Bebre Michasl (1983). Human activity in the
area has drastically cleared the natural vegetation for
domestic and agricultural purposes. Strips of perennial
riverine forest trees along the river banks are but
rudimentary. Fire is5 a freguent phenomenon in the hilly area
during the dry =zeason.

The BGhibe Horticulture Development Farm has two sections
(Ghibe Farms 1 and 2) which are located on either side of the
raver (Fig. '&)s Ghibe Farm 1, where the present study was
conducted, lies on the norihern side of the river and is
part of Western-5hoa Administrative Region (formerly Shoa).
Ghibe Farm 2 liesz on the southern side of the river and is
part of Iltubabor Administrative Region (formerly Kaffa). At
present , the Ghibe farms culiivate some 629 hectares of land
in both sections. Cuttivated land in Ghibe Farm 1 is about
4e9 hectars. The farms proauce a variety of Ffruits and
vagetables. The most importart are oranges, lemons and other

ciirus products. Maize and peppers are also grown.

2.3 Human and Animal Fopulations ot ihe Study Area

According to a recent census by the farm management, the

human population i1n Ghibe Farm 1, where the main headquarters
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are is situated, was about 1041. 0f these, 535 were males and
506 were females. The human population in BGhibe Farm 2 was
952 of which 478 were males and 474 were females. The bulk
of the population is composed of permanent and migrant
labourers and their dependents. Administrative and technizal
personnel +form part of the influx population. Duration of
residence in the area among the population ranges from less
than a vyear to over 20 years. Among the subjects who gave
blood samples for malaria surveys were children who have
never left the area or who have not been to other areas away
from the valley. But some labourers and management personnel
have been at one time or another to other areas, usually to
state farms in lowland regiqns.u

The pggulation in Ghibe Farm 1 maintain some four
hundred cattle, a few goats, sheep,  donkeys, dogs and
poultry. Animal sﬁelters'ﬁ‘are ususally either in the
immediate vicinity of human dwellings, or in back yqrds
directly connected to dwellings. Humanﬁdelliﬂqs in the area
are scattered, forming homesteads or very small “villages".
The majority of the houses in these "villages" are tukuls
which have mud-plastered walls and thatch roofs. Most of the
tukuls comprise one living room. But concrete walled houses
and with corrugated metal roofs are not uncommon, equgially
in the premises of the farm headquarters. While houses with

corrugated metal roofs usually have windows of some kind,
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most of the tukuls are constructed without windows. The type
of tukul construction, nonetheless, allows entrance of
mosquitoes through the eaves to the inside of such houses.

1t should be emphasised that holse-to-house spraying
with DDT by the Division of Cantrol of Malaria and Other
Vector-born Diseases (OCMOVD, formerly Malaria Eradication
Service) has been ongoing in the study area for more than
five yegars. Bpraying was carried out twice a year, usually
in January and June. Spraying was sometimes reinforced by the
use of larvicides in places with large temporary collections
of water. Field workers from DCMOVD also supply and
administer anti-malaria prophylactic drugs at times of
severe malaria transmission. The farm clinic wunder the
health assistant treats suspected malaria cases and
occasionally provides prophylactic drugs during peak
transmission periods. The clinic also refers serious cases
to nearby government and missionary hospitals.

One of the most important features of Ghibe during the
dry season is the deployment of the river water for
irrigation purposes . Water intercepted at a number of sites
from the river is run through irrigation canals to the farm.
The main pump station is located up-river at a distance of
about 1km. from the farm headquarters and the main camp (Fig.
2) . In addition to the clinic, the farm runs a school, a

motor house and workshops. There is a field station of the
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International Livestock Center faor Africa (ILCA) , which is
located 1mmediately by the main Ghibe bridge and on the way
to Ghibe Farm 1. Most of the important landmarks in and

around the study area are shown in Figure 2.

2.4 Malaria Infection in Humans

At the initial stage, blood samples from about S% (60
subjects) of the human population in Ghibe Farm 1 were taken
in May 1987. Later on, blood samples from about 1Q0% (131
sub;ects) of the population in Ghibe Farm 1 were taken (in
November 1988) to reinforce the first preliminary
parasitological findings. Both thick and thin blodd smears
from individuals of different age groups were stained with
standard Giemsa stain. Two sets of both thick and thin blood
smears were taken from each person. One set was stained and
microscopically examined in the field, and the second pair in
the laboratory in Addis Ababa. All thin smears were fixed on
the spot with absolute methanol after the smears were taken.
All stained slides were microscopically examined for the
presence of Plasmodium species. Identified positive slides
were taken to DCMOVD for confirmation.

Information on sex, age, occupation and history of
movement of the subjects who volunteered to give blood
samples were recorded. Fositive slides were preserved for
reference purposes. gpecies identification of FElasmodium
parasites was effected by reference to Jeffrey and Leach
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(1975), Faust et al. (1975) and Nobel and Nobel (1982).

2.3 Survey of the Anopheles Mosquitoes
£ Ghibe

Anopheles mosquitoes, both mature and immature stages,
were sampled using different entomological techniques, as
described 1in the sections below. Adult Ancgpheles females
were sampled on a monthly basis throughout the study period.
Immature stages (particularly larvae) of anopheline
mosquitoes were collected at different times of the year as
conditions allowed. Identification and processing of
collected adult and immature stages of mosquitoces were
performed using appropriate methods in the field and the

laboratory, in Addis Ababa.

2.9.1 Colliection and Identification

Larvae and Fupae:

Larvae of Anopheles mosquitoes were collected in
different mornths using a number of sampling techniques
reccmmended by WHO (1963). Choice of sampling techniques
largely depended on the type and nature of breeding places
at different times. Most of the time anopheline larvae and
pupae were sampled using pipettes, rubber bulbs, scoops and
ladles. Din nets with small mesh-sizes were also used. As a
result of the semi-permanent and temporary nature of the
breeding habitats in the area, sampling sites largely

28



depended on where breeding places were available.

Most frequented sampling sites for immature stages are
indicated in Figure 2. Collections of larvae and pupae were
usually conducted in the morning and in the afternoon, so
that collection was possible with minimum discomfort ta the
collector. Collected pupae were put in cups and left in
cages, to allow emergence of adults for species
identification.

Collected larvae were pre=erved in about 70% gthannl and
later on processed and mounted on microscope slides as
suggested by Lane (1974). Live larvae were also killed in
hee water (60 L) and then processed and mounted on slides.
Specimens mounted in Canada balsam were allowed to dry and
examined later under a compound microscope. Identification
to the species level was based on Verrone (1962b). In some
cases, live larvae were brought to the laboratory and reared

to the adult stage for species identification purposes.

e.%.2 Adult Anopheles Sampling and Ideatification
Adult anthropophilic Anopheles mosquitoes wera
collected on a routine manthly basis using human bait. For
the 12-months period between April, 1387 and March, 1988, two
collection sites (SA1I and 5A2) were selected for regular

monthly indoor and outdoor collections (Fig. 2). At each
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site one field assistant was stationed inside while another
was stationed outside, usually from five to ten metres away
from the house. Later on, human bait collections at SA2 were
interrupted due to difficulties in supervision.

Each collector was provided with a flashlight, a
number of test-tubes, cotton wool and plastic beakers, whose
open ends were closed with mesh cloth having large holes to
enable the transfer of captured mosquitoes from test-tubes to
the beakers. Collection normally started at 18:30 hr. and
terminated at 24:00 hr. {for four consecutive nights per
month, wunless collection was interruped by rain; in which
case 1t was postponed to the next evening. Indoor and
outdoor collectors exchanged positions at the end of every
hour, at which time hourly collections were recorded. Field
assistants were supplied with chloroquine tablets and were
consistently advisad to take them as proplhylaxis at the
beginning of each monthly trip.

All adult Female anopheline mosquitoes collected were
identified either the same evening or the next day.
Abdominal conditions of freshly caught female mosquitoes were
recorded as unfed, fed or gravid. Mosquitoes which died
during the night in test-tubes or plastic beakers were
identified and pinned. ldentification of female Anopheles

mosquitoes was made by the keys of Verrone (1962a) . Some




identified and pinned speci-mens were later confirmed at

OCMOVD, Ministry of Health.

2.6 Dissection of Adult Anopheles to Determine

fge Structure and Natural Infection with

Malaria FParasites

Dissections of female Anopheles mosquitoes, freshly
killed with chloroform, were conducted in the field by the
methods of Furman and Catts (1982), Detinova (1962) and
Hodagkin (1930) . Dissections were made the same night or the
next day.

Mosquitoes were dissected in a drop of physioleogical
saline (0.87%4 MNaCl solution), on a glass slide, under a
dissecting microscope. Salivary glands, stomach and ovaries
of the dissected mosquitioes were removed and separately
examined in fresh drops of physiological saline. Salivery
glands were examined under low and high cbjectives +Ffor the
presence of sporozoites. Slides under suspicion were fixed
with methanol and stained with standard Giemsa stain.
Stained slides were later examined with high—-dry objectives
(240) or oil immersion objective for the presence of
sSporozeoites.

Stomachs of dissected mosquitoes were transferred to
fresh drops of saline, on separate slides, and examined for
Flasmodium oocyst both under low (x10) and high power (x40)

e s — - 111}

objectives.
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Ovaries of dissected mosquitoes of all stages were
transterved 1o fresh drops of physiological saline, on
microscope sildes. The ovarioles were then teased with fine
dissecting needles and examined +or dilations and follicular
relics. At least five intact ovarioles were exmained before
the number of dilations for each mosquito were recorded.
Examination and determination of the number of dilations were
made according to the recommendations of Detinova (1962,
1968), Giglioli (19263), Detinova and Gillies (1964) and

Gillies and Wilkes (13&3).



2. REBULTS
Farasitological and entomological data obtained from
monthly sampling, and also field and laboratory observations,
were anaiysed to give an cverall picture of the status of
malaria and the possible Anopheles mosquitoes involved in the
transmission of the disease inGhibe during the study period.
The greater part of the entomological data were obtained

using human bait.

Z.1 Prevalence of Plasmodium Species in Man

Microscopic examinations of stained blood smears
indicated thaet malaria was common in Bhibe. In the first
survaey conductad in May 1987, 23.3% of the &0 individuals

examined had malaria (Tabhle 1 ). Most of the positive cases

]

=

(25.7%) were cbserved among adults of the age group 15 years-

pe

ole and abaove. On the other hand, during the second survey
which was conducted in Novemper 1988, 46.6% of the 131
individuals examined were positive for malaria infection
(Table 2 ). The frequency of infection during the second
survaey was twice as high as that of the first survey.

In both surveys Flasmodium falciparum was the most
prevalent species in the area. In fact, P, falciparum was
the only parasite observed during the second survey. P,
vivax was observed during the first survey at a very low

frequency (1.7%). F. malariae and P. ovale both of which

Qoccour in the country were not ochserved during this study in



Ghibe. The distribution of Flasmodium species among

difterent age groups are also presented in Tables 1 and 2.

TARLE 1 Frevalence of Flasmodium species among the

population in Ghibe Farm 1 in May, 1987

FP.falciparum P.vivax P.malariae F.ovale

fge No .

Group (yrs.) Ezamined +ve % +ve % +ve % +ve %
0 -4 8 i 12.5 - - - - & -
5~ 14 9 1 11.1 4 L - - - —
15 — 29 21 7 33.3 i 4.8 - - - -
30 — 44 i8 3 16.7 - - - - - -
4% and above 4 1 25.0 - - - - - -

TOTAL &0 18 ok« ? S Y = - - -
&0 14 (+ve) £3.3% (+ve)

TABLE 2 Frevaience of Plasmodium species among the

population in BGhibe Farm 1 in November, 1988

F.falciparum F.vivax F.malariae P.ovale

Rge N .

Group (yrs.) Examined +ve % +ve % +ve % +ve %
0 -4 2e 16 1.5 - - - - - -
5 - 14 21 14 66.7 - - - - - -
15 - 2% 39 17 48.6 - - - - - -
30 - 44 40 12 e - - - - -
43 % above “ 2 BB '~ - > - - -

T ToTAL 131 ¢ i T e R

43 ]
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2.2 Angpheline Mosguito Fauna of Ghibe

The species composition of Anopheles mosquitoes in the

study area were determined based on adulit females caught on

human bait and on larval specimens collected from differant

mosquito breeding sites. Pupae were alsc collected and

reared to the adult stage in the field and in the laboratory

ta confirm identification. From larval and adult specimens
collected in the study area, the following anopheline specles

were identified:

Anopheles gambize Giles, 1902, Anopheles pharcensis

Theobald, 1901, Anopheles coustani coustani Laveran,1900,

Anopiheles longipalpis {Theobald, 1203) , fAnopheles

gretoriensis (Theobald,1303), Anopheles natalensie (Hill and

Hayden, 1907). Ancpheles garnhami Edwards, 1930, Anopheles

christyi (Newstead and Carter, 1911) and Anopheles sguamosus

Theobald, 190G1.

3.2.1 anopheles larvae collected from different

sites and habitats at Ghibe

Anopheles larvae weres observed in different breeding
sites and through out the study period, during both the wet
and dry seasons. In a total of 426 larval identification,
the proporticons of the nine anopheline species and the
comparative preference for shade and sunlight an each
breeding site are shown in Tablied . During the dry season
small pockets of rain pools and associated collections of
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TARLE 5

Number and species of larvae of Anopheley mosqultoas collected from differcnt kinds of breediag places
Ahibe hateoon April 1987 and FPebruary 1989

at

Per cent apecies composition r
Zite Type of Embitat RExpodurs to Jeneral Total An. An. An.  An, _A_E. An.  An. An. Ane
Sunlight & Larval  No. gambies To cestani lonqi-prefor- nata- garn- christyl squamosus
Dominant Denaity TIdenti- ensis prlpis iensis ipgsz hami
Components fed
ST1 River bank #.4 unlity, flost
seepope 1ok ing 8l e,
rerls Frass clear
wht e ‘4 29 1h,1 1431 15.1 12.1 14,1 9.1 7.1 1.1 6.1
§T2 TIrrigsticn canal Sunlit, we:tips?
any overflow g oags anl
- reclo dety.tun v ad 51 19.6 15,4 9.8 2.8 11.8 39 59 9.8 2.0
€713 Roadside ditches Sunlit snd e
and roig peo *4inl rhade ™
verticrl g1 . o Lo ma s 20,0 14,7 vt 100 5.« o L &0
&34 Ponds forres by parily sheded
r2infall drainaps algse, detritus
and mruddy x HE 29.F 18,8 s h YA 7.7 w S L3 A 2.4
S35 Others unlit, shsele i &
par¥s heded i 19 1%, 4 12,8 15. 4 5.1 10, % 158 8.4 10.3% 12.8
£11 ERiver bank and suniit, Floarine:
secpage rock algas, mruass and
neels clLoear witer 44 34 g b7 1.5 151 2.0 163 Fale. A0S 8.1 8.1
312 1rrigsatisn canal sunlit, vertical
and overflow grass, and
U . - P SOt s > 5. SR % <Y S ... V% £9.7 13.8 10,9 3.1 1.9 6.2 7.8 3.3
TOTA]L ',{'36




water disappeargd. [ Hence breeding habitats along the river

bank and those formed by irrigation activities were sampled

The rvesuits of larval survevs during *he study period are

presented in Table 3,

3.8.2 fdult  Ancpheles mosguitpes collected from Ghibe

The combined results of adult Anopheies collections,
based onindoor and outdoor human bait captures, are shown in
Table 4. Human bait collections 0f adult female mosquitoes
were conducted at two sites (SA1 and 3A2). An. gambiae s.1.
ware caught in large numbers(45.3% of the total caiches) and

An. pharoensis formed 353.8% of the total catches. An.

couztani coustani , An. longipalpis and An. pretoriensis were

also caught 1n considerable numbers biting man. On the other

nand, fn. patalensis 5y An. garnhami , An. christvi and An.

sguanmtisus were collected in relativaely low numbers.
Tahie 4 Epecies and numbers of adult female Ancpheles
mosguitoes caught on human bait in Ghibe between

3

April, 1287 and February, 1989

Species collected and identified Number FPercent Composi-
Examined tiaon of Total

Ar. gambiae Biles 264 45.3

An. phargensis Theobald : 645 3§ 8

An.coustani coustanilaveran 132 g.0

An.longipalpis {(Theobald) 122 6.4

An.pretoriensis (Theobald) 90 4-2

ﬁﬂ-nﬁtalé;gzgﬁTHill % Hayden) 10 g-u

A,  garnhami Edwards 7 ;-g

An.christyi (NewsteadkCarter) 3 g-f

An. sguamosus Theobald i2 -6
TOTAL RSN | iy 100

[£X]
~J



3.2 ERelative Prevalence and

e oe——

o

gasonal Apundance of

tanthropophilic”  Ancpheles

Masquitoes

Monthly sampling of relatively anthropophilic adult

femalz Anopheigs species using human bait indicated that An.

gambiae s.1l. and An. pharpensis were the most sbundant man-
biting specisgs  in Ghibe throughout the vear (Table S5) and

particularly after the heavy rains (Tables 5 and &). An.

coustani coustani, An. longipalpis and An. pretoriensis were

also caught in small numbers  throughout the year. An.

garnhami, An. chiristy: and An. sguamosus were caught in very

gmall numbers only in some months. Table 5 and & show that

Arn. gambiae s.il. and An. pharoensis appeared to be 5 to 6

times more anthropopnilic than some of the other species
cotiected on man.

Figure 5 shows the monthly rainfall pattern in Ghibe, as
recurded by the MNaitonal Meteorological Service Agency
weather station at Ghibe Farm 1, and the corresponding
retative densities of An. gambiae s.l. and A0. pharoensis
caught on human bait during the study period. It is
tnteresting to note that both An. gambiae s.l. and AN,
pharoensis show an increase 1in densities just after the heavy

rains (Fig. 3%



TABLE 5

Relative wonthly prevalence of Anophele mosquitoes based on human bait collection:

st Sites SA1 and st in

e Farm between April, 1987 and March,

{(Numbers in brackets are per cent of total monthly catches)

1983

Species 1987 1988

Apre May Jun, Jul, Auge. Sept. Oct., Nov. De&h Jan, Fed. Mar, Tolal
_A.xw%oles 38 59 62 €0 62 34 78 67 50 b9 33 45 684
gewviaes.s.1 (43) (56) (3% (57) (48) (h7) (46) (L2) (35) (38) (&435) ¢QbA) (46)
Ancpheles 22 35 50 28 35 51 63 74 60 4o 30 32 502
pharoensis (29) (33) (25) (26) (27) (29) {&37) (46) (42) (39) (367 (31 (3h)
Angpheles & ey & 10 14 7 & 12 10 7 5 e 111
goustani e (%)
couatanz

{

Anopheles 0 . 4 7 11 19 12 8 12 ? 3 B af,
suglpalpis (&)
snohpales 9 o 2 1 & 13 3 0 & 10 3 a 64
pretoriensis (&)
Anos?elos 1 O G 0 3 o 1 0 2 o a 0 7
natalensis (€1)
Ancpheles 0 5 o o 1 4 o o o o o % S
garnhasi (€1}
knegheles 9] 1 O § O % g 8] Q 0o o 0 3
caristyi (<Y
Anophelas Q i C £ Q i 1 0 2 ¢ 0 O 5
Squanosus {(¢1)
TOTAL 106 114 106 130 1727 169 161 142 107 8% 103 1478

79




Relative monthly prevalznce of Anopheles mozquitoes

based on

Farm

human bait collection in site

5A1)

between November 1988 and February, 1989,

irn Ghibe

(numbeis in brackets are per cent of total monthly catches)

1988 1989
Species
New . dec. Jan. Feb. Total
. - 5 5 25 C
SncRheles Ghbise R U Gh | Ay gl e
Anophelss pharoensis 46 a8 2g 31 143
q N (B1)  (3%)  (36) (40)  (33)
ﬁnzgz;;zii?DUStani 14 S 10 3 41(10)
fnopheles longipalpis 11 b 4 & 26 ()
Anopheles pretoriensis 7 & 3 10 26 (&)
Anophneles npatalensis i 0 0 2 8 (1)
Anopheles garnhami 1 0 Q 0 1 (1)
Anopheles christyl 2 O 0 0 e (1)
Anopheles squan0sus 2 e i e 7 @&
TOTAL 149 108 78 34 429
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o Man-biting frequency 0f Anopheles Mosguitoes

Indoor and outdoor feeding behaviour of the nine
anopheline species were assessed by their frequencies of
piting, or of attempis ifo bite, human bait both indoors and
putdoors. Biting catches for different months of the vyear

shiow  the man-biting density and behaviour of the Anopheles

i1

species  involved (Tables 7 and 8). The number of biting

catches {for An. natalensis . An. garnhami o An. christyi and

souanosus both inside and outside houses were very low.
Females of these epecies were almost exclusively caught

biting man ouldoors and in very small numbers. An. coustani

coustani, An. longipalpis and An. pretoriensis were to a
greater axtent caught biting outside human dwellings. An.

gambiae s.l. femaies were caught biting man both indoors and

outdoors in good numbers (Table 7 and 8). The majority of An.

pharpsnsis females were caught biting outdoors (about  60%)

and showed less activity of indoor feeding.



TABLE g~ -

Incoor and Qutdoor man-biting density of Hooheles mosquitoes at
sites SAl and SAZ in Ghibe between April 1987 and March 1508

Per cant

45 3%

39.6%
o0 . 4%

1987 1962
SPIECES LOCATION “m. May Juna July fMAug. Sspt. Oct. Nov. Dec. Jan. Feb. Mar. Total
Goopheles IN il P ] 22 26 25 633 27 28 24 12 10 8 262
SHT LIRS T ta le 25 21 17 e | i8 &8 - 20 4 315 12 217
Auohmles N 4 =] h 7 S i3 20 21 16 10 © 8 129
shacoensis QUT® 3 i2 By i0 18 19 24 X0 21 1% s N AT
§
angpheles In o] 0 o 0 o) ) o i 1 L6 2 3
consteny S0 3 4 30 = = e 4 =} b 4 5 7 o
Snmheles IN o o Q o o L] G &) X Q. % O
lonoipalioas  OUT e x i 4 & 10 Q & a8 T2 & &l
ancohales N O L) G O G O 0 o) O = A 1 L
pratoriensis OUT 5 ¢ = i 3 9 4 O 5 & 8 3 4
nedesien IN o G Y] O & 0 i o o L ¢ o G
1k &  OUT i ] ) < 3 Q i o 74 e © o] 7
fnnehaeies M o O 3 o] o 3 & O Q Qe L0 o) L&)
carphagmi (e 314 G i ) & 3 L Q [y G o & é
e Lns in Q O 4] o ¥ o D Q o LR ¢ G ¢
shristyi Y t 0O o O o i i (9] Q o O 0 3
AOOENBAGS N o D 0 o o 0 o o o S IE o O
SCUANISUS s ¥ o 5 ] G v i 1 ) 2 o 0 0 S




TABLE 2

Indoor and outdoor Man-biting density o+ Ancpheles

mosquitoes

i

t site 841 in Ghibe Farm between

November, 1988 and February, 1989,

1988 1989 Total
Spacies Location
Nowv . Dec, Jan. Feb. No. %
Anophsles InN a5 15 9 12 75 52.8
gambiae ouT 2 20 13 12 67 47.2
i 15 < 10 8 42 42.4
ouT 19 13 11 14 o8 =iB7 .8
anopneies It &2 G i 0 3 10.0
coustan: ouT 10 7 ) a4 27 90.0
coustani
nonDe 1 e § poe’ O 0 0 2 10.0
6WUE§E.QE. ;N & - p 3 18 30.0
tongipalpis QUT 0 '
Anopheles T () i 0 0 13 é; E
pretorisnsis OUT 4 3 2 7 e
£ e e Y eves T & B G 2 0 0 >
fnopheiss  IN Y ; . 2 8 100
Natalensis OUT 1 0 v
Anopheles IN v = s : ‘1 100
garnhami ouT 1 o o Y
’ . - : 0 0 &
fnonheles IN 4 " 2 0 2 100
chiristyi ouT a Y % g
A - 0 O -
Anophsles N o 8 H 2 6 100
SGuamosus  OUT = e




a5 Man—-vector contsct and Map-biting Rates of
Ancpheles Mosauitoes at Ghibe

The marn—-vector caontact during this study was estimated

by the numter of bites a oserson received per evening
{(between 18:30 and 24:00 hrs) ., Evening biting catches were
recorded  for a total of 1i1p man-evenings both indoors and
cutdoors. The total indoor and outdoor -atches are shown in
Tabie 9. The average man-biting rates for the anopheline
spacies wers calculated from indoor and outdoor biting
catches during the sampiing period. While the mean number of

bites a person received indoors from An. coustani coustani .

An. longipaipis and An. pretoriensis per evening waz less

than 9.1 for each of these species, the indoor man-biting

rates for An. gembiae s.l. and 4n. pharoensis were more than

30 and 15 times higher, respectively. The indoor biting rate

for an. gamhiae s.i. was about twice that of An. pharcensis.

The chance of a person receiving bites from An.gambiae s.l.

inside housass were higher than ihat outdoors. The chance of

being bitten &y An. pharoensis outdoors was greater than

gambiae £.1. and

indoors, &4 person might be bitten by AD.

. -es in the
An. phargensis outdoors with almost equal chance

evening.



TRELE

Average man-biting rates of gnopheles mosquitoes at
neles mosquite 2

ﬁ .‘.“- r—a_ . .
shice Farm between April, 1987 and February, 1989

‘¥ see below for method of calculation

No. of mosgul toe )
: . ©s Bites perman ~
Species perman per evening

Th ouT TOTAL INDOOR OUTDOOR
fin. gambias s.1. 337 284 B2 5.0 g2.=
6. pharoensis 171 2564 425 1.5 8.3
Fin. cmugjati 3 100G 108 2.1 0.9
EOMSLand
An. longipalpis a g 87 0.1 0.7
fn. pretoriensis & 83 &5 0.0 0.6
An., natalensis 0 10 10 = 0.1
An. garnhasi 0 7 7 “ 9.1
An. christvi 0 S =3 = 9.0
AN, sguamosus 0 b 11 - 0.1

TOTAL 529 813 1.248 4.7 7.E5

months + 4 monthe) = 4 evenings x 1 bait

Tl

¥ Gites 8&i = (1
= £4 man - evenings (indoors and ocutdoors each)

8A2 = 12 months x 4 evenings x 1 bait

= 42 man -~ evenings (indoors and outdoors each)

~ 2 : ’ . -
indoor{and 112 man—-evenings outdoor)

Fite per man per evening =  JTotal pumber of mosguitoes
Total number of man—evenings

Total = 112 man-evenings

A = 337 = 2.0
®.9. FBiting rate of An. gambiag s.l. {indors) = 11; #5)

46



Man~biting Cvcles

af

The hourly

captured on human bait were recos

pattern of the species involved

bBiting activities tended to build
and reached « pesk around 20:00 hr

vigorous and actively bite for the

wiith & sharp decline towards

activiti Wet s

kit
i

recordad Delweesn

Considerab e indoor ang outdoor

gambiae £.1. ware observed around

i1
=V .

respect ive

Ancroples phargensis Jemale

cccurred between 21:100 ang 82300

activity was fulloaed by ouidoor p

outsicde than inside biting by An.

biting activities o

Anupheing Mosjuitpes

Anaphales mosquitoes

ded (o determine the bizing

(Table 143, Anopheline

up towards the mid-evening

S Al

gambiae s.l. were

most part of the evening,

mid-night. Peak bhiting

19300 hrs. and 22:00 hrs.

biting activities by An.

20:00 hre, and 19:00 hrs.,

s indoor pear bBiting time
hree. Indoor peek biting
@ak biting activity. More

pharcensis was ocbserved at

all hours of the gvening. Riting

Eoustan: fii. longipalpis and

activities by An., coustani

pretoriensis occurred

AN

e

Tower magnitudes and slight

throughout the evening but, with

hourly wvariations. The par zent indoor and outdoor biting
activities of 4n. gambiae s.l. and An. phsroensis are shown
in Figure 4,

~



TABLE 10
Indoor and culdoor hourly fMan-oiting dencities o+

a0 oy Foy o s PO 1 g - + ~
Coopheles =mosguitcss in Ghibe Farm between Aprii,

1987 ¥ February, 19389,
Evening hours of biting(beginning at)
Species

Location 1830 1900 2000 2100 2200 2300 Tota"®
An.gambias 3.1, IN 21 73 a2 59 59 23 327
our 34 &5 bl &1 41 el 234
An.phargensis Iid i3 28 29 48 .89 2o 171
OuT &1 a0 G D7 &1 29 254
An.Coustand In 3 o i 1 0 €
coustani auT 11 i3 26 22 17 6 100
An.longiralpis IN 1 1 G 1 1 0 8
ouT a 19 &£1 14 10 7 79
fo.pretcrisnsis e B Tl el B LT R s AT
QuT 4 15 9 20 11 4 63
Arenate  ensis IN 0 0 0 0 0 0 o
ouT 0 3 4 1 2 0 10
40 garnhami N 5 G 0 0 O 0 2

ouT 0 g 3 0 - 0
An. christvi IN 0 0 Q 0 - g -
QUT Loy bty i 0 0 0 y

tow ST it W ¥ 0 0 0 c’ O
AN Sguanosus G.I"j E, 2 = 2 1 i 1
TOTAL 18 271 303 290 226 117 1342
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G Fhdomingt conditions of Female finopheles

i
i

mbiae s.1. and “nophe les pharoensis caught

human bait at Ghibe Farm.

i

I

Monthly ohservations with regard to the abdominal
appearances of freshly caught female An. gambiae s.1. and An.
pharcensis are shown in Table 11. Dut of a 264 female An.

gambiae s.1l. caught on human bait, about 62.8% ware unfod.

Considering fed mosquitoss as those which were partly fed and
Interrupted before capturs, or those freshly engorged on the
evaning of capture, the combined fed-unfed An. gambiae s.l.
femaizs  made up more than 85% of the total catches. Less
than 15% of the total catches were gravid.

Unfed On. pharcensis females made up £8.4% of the total
tatches of this species on human bait. The unfed and fed
Catches were about GE'A of the total 645 females. About 8

times mure fed and unfed An. pharoensis females were caught

while attempting to bite man than did gravid females.

It should be rnuted that in all the months of sampling,

, " o] £ o e h An. gambiae s.l. and
the proportions of unfed females of both An. ganblae S-l.

) . ravid ones.
An. pharoensis by far exceeds that of fed and g



TAAE 1Y

Aocominal conditions of temalos of two species FNThElas mosQuitoes
collacted Indoors and outcoox 5, on human bait 88 - Ghibe Farm
betwaen 1987 and (989 (Fer cent 1S shown in Or acket )

o —

. gED.ae S.1. ; M. pharoensis

Unfad Fedt Gravid Tocal Ratio Wlea | et Gravad Total Ratio

r—— - e —

S2{E4)
248{58.5%)

6i 12} 20

5.9} 17, 1} @i
S

5

ae

SRR TLASIER) . WER R e
\\5:“71.4} ‘5\)_-, 5;‘9‘;3) Qo
247537 £L20) Sy o
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— O 5 N vy
=,8 RSN angoheles Mosgquit 0Es
dn the premise that An. ogambiae s.i. and An gharoensis
were the most abundant and anthropophilic epecies in the area
and since I was the only person responsible for all

disspciions and other observations, examination of a total
100% Anopnsles mosquitoes was considered raasocnable for  ‘he
atudy periocd. Resulis of monthly siomach and salivary gland

dissections and exsminations of An. gambiae s.l. and An.

pharognsis are shown in Table 1. Dissecied sgecinans were

both From indoor and outdoor human bait catches.
garbise s.l. fenales dissectec. anly cne

tenale was found infected with Flasmodium cocyst. Therefore,

the relative prevalence of Plasmodium ootysts in An., Qa0biae

- L

S.1. during the study period was 0.24. Otherwise all

salivary gland dissections of An, gamblae 5.1, were negalive

for  Flasmodium infection. OQut of 417 dissected A0,
pheroensis, noc positive specimens WEre found . Monthly

¢ Wik = ' les
dissections of gn., gambiae g.l. ranged from 24 to 51 fema y

. \ r
and that of An. pharcoensis ranged fran 12 to 86 females wit

ey ; the two
a mean monthly dissection of 37 and 2= females for

Specisgs, respectively.

S



oot 1 = £ § g : b %2 e iy
Results of Dissections of Anophelzs gasbiase s.l.

A ¥ el e o o f-
and An. pharcensis captured on human bait and

examined for Flasmodium infection at Ghibe Far-

between April 1387 and February, 1989,

An. gambias .1, An. pharcensis

Period

Mumber Stomach Salivary  Number Stomach 5o iiv. .

dicszec— {pocyst) (sporoz-— dissec- (cocvyst) (=pore:
ted nited t=d) oile)

W g -V e -vg +y= -Ve =+
1987 Bpr. 24 - ) - iE 1E =
ay 36 - 36 - =5 Py - 25
L 41 » 41 ~ e B2 .8 ee
Jul. 59 - 25 - y - SR 19
Aug . az " 32 y: et a0 . 3 et
Sep . 47 = 47 = se o a2
Oct. 5 43 - 43 ~ 20 St 3 -
Nov. : 5% - 39 = a2 o - c
Dec . v 40 . 40 - 83 83 -3 S
1388 Jan. 34 2 - Sé v
Fatz., 30 5 R 20 4 3.
Mar . 295 25 - 35 ~
Nov. 51 50 1 51 - e
Dec. 29 3% - 39 % 2
1989 Jan. 28 28 = =5 3
Feb. 30 B0 - 30 - v
TOTAL S8 =87 1 588 - %
e i e S PO S




gambias s,1. and Anuphe:

g2 DAURNE 23 pharoensis i Ghibe

The age structure of populations of .
&gl 2 el t1ons of An., gambiae s.l. and

An. pharpern ware determined based on the €xamination of
the number of dilations in the ovarioles of dissectad female
mosgul toes .« in thes . course of the study, at least 1005
mosguitoss of Doth species were dissected. fis mentiored
gariier, m=2an monthly dissections were 27 for An. gambiae
cel. and 26 for An. pharosnsis.

The ags-groups are given in terms of the number of dilations
in the ovaricies {(gonotrophic cyvcles completed) . Number of
dilations {foilicular relics) are interpreted as 1-parous, 8-
parous . d-parous, sto. (Tablez 13 and 14).

B

the monthly age compostion of An, gasbiae s.l. are shown

in Table 13. Out of 582 An. oambise s.l. dissected, 25.9%

were pre-gravid and nulliparous females. @2-parous and older
females constituted about 45.6% of the human bait catches

that were dissected. The proportions of pre-gravid and

L .. age
nulliparous females were higher than those of any other &g
group through out the study period.

- - d
The  age compositon of An. pharoensis (Table 14) shows

vid and
that 24% of a2 total of 417 dissected were pregra

; s formed about
lliparous females. S-parous and older females 10O
Ay o . - ons of pre=
S.2% ©f the fensles dissected. Ihe proporti

any
i n those of
avid and nuiliparous females wers higher tha

249



other age oroup in most of the months  duri
uring the stud
Y

ericd. Iin boih Ao, gambise 5.1. and An. pharoensi
. 3 i+ Bharoensi y females

older than S-parous were encount pradg VEry Occasionally Th
. =

oldest females observed in both species during the study

pericd were those which completed nine gonotrophic cycles (2

An. oambiae s.l. and 4 An. pharoensis) .

TAELE 13

Fhysiological age determination based on monthly
vissaections of Anopheles gambias s.1. collected
on numan bait at Ghibe Farm

% of nunber of gonotrophic cycles completed

i 9
Disga-
Feriod cited O i = % 4 5 & 7 e g
1987
Apr. 24 20.8 20.8 8.8 16.7 '12.5 8.8 8.2 B.2 "= -
May 3& 85.0 11.1 139 t1.f '11.1 '8i8 8.8 S 2 BN
Jum. 41 2.8 17.1 14.6 14.6 2.2 7.3 4.8 2.4 -~ -
Iul. 3% 35.9 15.4 18:8 7.7 1033 10:3 S:I % 1= -
ARug. 32 21.9 12.5 12.5 i5.6 12.5 9.4 5& 81 S0 =
Sep. 47 24.0 25.5 19.1 4.8 8.1 6.8 Bal Gl
Oct. 43 20,2 12.9 18.6 9.3 7.0 9.2 4.6 2.3 2.3 2.3
Nov. 3% p8.2 23.1 15.4 12.8 5.1 - 7.7 2.7 S.1 8.7
Dec. 40 17.5 12.5 7.5 10.0 15.0 7.5'12.5 100 8395 9.0
1988
Jan. 34 14.7 11.8 P20.6 11.8 11.8 8.8 5.9 5.9 5.9 2.9
Feb., 20 26.7 20.0 10.0 10.0 6.7 10.0 3.8 6.7 3.3 8.3
Mar. 3% 28.6 20.0 11.4 5.7 8.6 5.7 8.6 5.7 2.9 8.9
Nov. Si 21.6 9.3 11.8 17.6 13.7 9.8 5.9 5.9 8.9 =
bec. 39 20.5 10.3 .1 15.4 12.8 7.7 12.8 7.7 3. e.
1985 - = -5 -
an. 22 se7 7.0 17.9 10.7 A0
Feh. 2o 2.7 16.% 6.7 &.7 10051880 .
TOTAL sS85 isS@ 91 77 12 o 46 40 W AR
gt N
K 555 15.5 18.1 11.2 10,07 PR 5.4 2.9 1




5utagica1

bhait &t

e

&0 determinatios
ctions of ﬁﬂgph“tpﬁ

r:lhlhr‘ Far it

thr

e

i based on monthly
L5 collected an

MG % of numbers of gonotrophic c cles
Feriod disse- 45 completed
cted
0 i 2 3 ) 5 & 7 ) 3
1387
Apr. 12 25.0 18.7 8.2 16.7 8.8 8.3 8.8 "= HN =
Mar. 835 32.9 1608031280 8.0 8.0 - 8.0 8.0 4.0 8.0
Jun. 82 27.3 Feid 4.5 18.2 9.1 188 Sl a - -
Jul. 19 2145005 5.8 10.5 “1410. 2055 5. 000 - -
Aug. €6 11.0 23.1 11.5 11.5 7.7 190 RN
Sep. 32 Bl1.9 12.5vF18%6 9.4 94 C1BL5- 998008500 Bila -
Oet. B0 16.7 2.2 10.0 13.3 3.8 100 607 I
Nov., 329 18.7 "21% & .8 H.4 3.4 2.4 9.4 9.4 6.2 -~
Dec. 38 36.4 16,2 1G5t &b Bad 6.1 3.0 20 G0 -
1988
Jan. 27 22.82 14.8 11,1 11.1 14.8 115 me -
Feb. 24 20.8 25 S0 ey S R2CS 4.2 12.5 8.8 8.8 =~
Mar. 28 14.2 14.3 10.7 14.3 10.7 105 S
13388
Nov. 286 B332.8 16.7 19 3.2 5.6 2.8 5.6 2.8 2.8 2.8
Dec., 25 32.0 RONOVM4ato 0. S8un 4.0 8.0 4,0 4,0 -
1"5;_1"1
Jan. 20 35.0 10.0 2.0 15,0 1007 1500 Ss larae S =
Feb . 5 5.4 23.1 11,58 11,3 118 3.8 7.7 7.7 3.8 8.8
TOTAL 417 100 &6 &0 4= 43 37 B2 BRI T8
% 24.0 15.8 lgsu 0.8 10.2 8.9 7.8 5.3 4.3 1.0

Sy

1]



£ Tt T Mg
b canBelom L Ul AN

At CONCLUSION

Faras.toliogical . surveve . .

Flaras LG SUTVeYE conducted during this Stucy for
malaria infactions  in  Mumars indicated  {hat nalaria is
gnaemic in Snibe. B, falciparum was the predominant malaria

= dohpm pm B man o 23 % P s
parasite i ihe area (Tables i amg 2., It was ocbserved that

Pe falciparum was  more pravalent among children below 4S
S ‘ -
vears-oild (S3.84)  than among adulis above the age of
2 16 years-olc (B88.9%) (X = £2.74, P = 0LOS)Y ., Moreover it

was  ooszvved thal S1.5% of the vounrger children between the
age oF U and 4 vears olg  @uxanined curing the second
parasitological survey had P falciparum intection. Meost of

the childrer in this age gr oup were claimed not to nave left

-

the area during itheiv lide time . This o LIYONGily suggests that
Endemic wiaria transmission exzisted  in the  area. The

mavensnt of leaoourers and other farm employeess  to

1 - 2 . o~ 2 b - 3 - 1
ane rron other state farms in malarious areas however, could

source for the possible introduction of

tne Ghibz valley from time to time.

S iy g e t
It is evigeni from Table i that F. vivax was detected a

wency furing the study. But B ralarige and E.

o P & - 1 the
ware not detected during Doth sutveys an

L
&

& x e the sredominant species  i0

e ok wiap to o pa the pred
=~ lslCibavim was repories 1o oe i |
277 Kr r
My =~ 7 . = - A Krafeul, 19Ty AT
T weates (Fontaine gi oal., 170



and Armstrong, 12785 Gebre Mariam, 1984) f-‘-ccordmg to their

e

reports, F. ¥ivax was also found to be an

impartant species,

@alarige

But the frequency o4

aven though widely spread at higher altitudes F

=
31}
il

also commonly reported in cthiopia.

F. ovale infecltions were obscure and the species was
identiftied in Ethiopia relatively ocnly recently

(Armstrong ,196%;  Armstirong, 19783 Yrafsur and Armstrong,

Fontaime et &l,. (1961) reported the prevalence of P,

talciparum  in the country as €0%, with that of F. vivax as

2% and F. malariae as 15%. kFrafsur (1977) reported a

prevelence of aboutl 9% for P. falciparum among children less
than L% vears old, in Gambela. Krafsur and Armstrong (1978)
also reporied an average prevalence of F.  falciparum as 584
for the same age group and 35% among adults 15 years old and
above, in Gambesla. The prevalence of P. falciparum observed
during ihis study in Ghibe for the two age gorups were
comparstiz to those reported by previous workers in different
regions of Ethicpia.

The relatively low frequencies of £, vivax reporied BY
Krafsur  (1977) and Krafsur and Armstrong (1978) in different

vt 4 tudgy. I'.
08 groups were similar to that observed 1n this S Y

o HEedd Bl g arts of
Was  suggested that P. yivax thrives better in P

]
a0 and 2000m {Armstrong,

Ethiopia at elevations between 10

157 the zpparently very low

o3

'« AsS a temperate zone parasita,

pat



srequency of E. wivax in Ghibe may be ewplained by simil
ar

attitudinal factors which favowr B, falciparum transmission
.
. &

tively low number of blood smears examined

The vr&!

i

in this

study might also possibly explain the detection of vary low

e

F. ivax infections and whe apparent absence of P alariae
- f . T m r

and P. ovale infections at Ghibe.

st —

arnother point of interest is that out of the 131
subjects examined during the sacond survey, 12.2% were P,
falciparum gametocyte positives and hence were infective to
mosguitoes. It should also be noted that chloroquine tablets
wore supplied to some of the inhabitants by the farm clinic
as a prophylaxis in October and November, 1988. This might
have reduced the actual prevalence of malaria infections in
the populaticn.

Dualitative obeesrvations on collected and identified
larval specimens indicatesd that the nine anopheline species
recorded in  the area were represented in considerable
densities +or the most part of the year (Table 3). A0.

g e, 4 s ; edi
gambiae s.1. were coilected from different kinds of breecing

3 T
habitats, including rock pools and small pocketis of wate

i alo
along the river bank, overflow pools and standing water ng
N ¢ roadside
irrigation canals, and temporary Fain pools and

L of the

ditches formed during the rainy Seasonse vl
. rvae were

breeding places From which A0 gambiae Sele 1a

] e capacity
Collected, were generally gxposed to sunlight. TN




- the freshwater An. gambiae =1 !
af the : moh SEERAES 2elia, 3nd particulariy that of

to Dreed in a wide range of breeding habitats

i Mo this st Sy
AUy 2 ng t-’»}j”uh’?w was  documented by previous
{Wang , “26;  O’Connar, 1967; Krafsur, 1977,

gtevens, 13243 Zahar, 1984). While most observations agree

that An. gambiae s.1. breed in sites completely or partially
exposad to sunlight, 11 was alsc noted that An. gambiae s.l.
breeding habitats were devoid of floating vegetation.
However, oreeding habitais observed along the bank of the

perennial Ghibe viver, where fn. gambiae s.l. larvae were

collectea, mostiy had floating algal vegetation. Roadside
ditches  ana  temporary rain pools also had standing grass,
which may provide shade at the micro-environment level.

Even though An. gharcensis larvae were colliected from

most kindsof brasding habitats at Ghibe, considerably larger
numbers of larvas of this species wsre identified from

overflow pools associated wiih irrigation canals, road side

ditcres with stamding watsr collections, and river side rock
panis. These breeding habitats had either standing grass, OF

suspended detritius, or floating algal vegetation which might

o ik ) icro- ironment
Provide a shaded or partially shaded Mier@ env

- i A
Suitable for this species. O’Conpor (1967 described A0.

t water bodies

Bhargensis= breeding places as shaded permanen
R i o igher number of
&nd irrigation ditches. The relatively higher A

.. ‘ i-rigation ditches
human bait catches at the time of the year 1rrig

i

ces prevail, at

e full snd  semi-permanent bresding pia

=0



Eperies prefersg SUCh  kinds of

coedinn places. e Meililon (195 o «
presding P fiz an (1231a, 1951n) re
¥y bortad that An

breeder, Eut

such
descriptions may not account for the requirements of mosouite

larvae at the micro-envivronment level.

An. coustani larvae were collected mostly from breeding

-

places along the river bank and from road side ditches and
temporary rain  pools. Riverside roack pools may provide
floating algal vegetation which might favour the species. De

Meillon- (1351h) reported that An. coustani was a swamp

bresder and that shade is not essential i floating
vegeiation is available.

fn. lonoipainis larvae were largely collected from rock

pools ailong the river bank, where zlgae and grass were found.

Biaguinto-Mira (1350) veporied ihat the species preferred to

breed ir clear water riverside pools rich in both vertical
and horizontel vegeiation and with sufficient shade.

~etoriensis larvae were observed commonly iR

{th clear water, along the river bank.

. b refer
Thiz species was reporied to avoid shade and to pre

- er
exposed pocls and seepages (Ge Meillon 1951a, 195180 40 ol

Parts of Africa,
. ; ictyi and Al.
An., rnatalensis. fAn. garohamls An. christyl

= ) 3 2 of br!.dim
2QUaAmDEYS  wers found breeding in most kinds

and
habitats. Giaquito-Mira (1950) described An. garnags fo



: o it land srnecices s Pl fe &
ghristys as NIQntand species in Ethiopias stating that these

species might alsc bresd in lowtlang areas. The auther

recorded thal oo, christyd showed a Preference for popis and

marshes wiithout vegeltation and may be found in

muddy water,

These preferences were also noted by De Meillon (1951p) . The

bresding places of AN, 3g0UAMOSUS were mostly small rock pools
i

with floating algal vegetation. The species was reported to

prefer soms  kind of shade and to breed in rice fields and

i1

wamps (De Meillon, 1951 .

In gensral, larval densities of the anopheline species
were closely associated with the availability of suitable
breeding hebitats in different parts of the vear.

During the heavy vains season (Julv Lo September), the
Bhibe river {londsz and destroys most of the mosquito breeding
habitais along its banks. But this seems to be more than
tompenzated Ly the creation of numerous new breeding sites,

e i water 1in
such as temporery rainpools and small collections of

hes and other depressions on the ground, as

the road side dite
e ds squito
@ result of local precipitation. As such, mosq

: i re, the
Praliferation is favoured during this period. Therefore,

; 5 . phargensis
Man-biting denzities of An. gambiae s.l. and A0

) eavy rains
‘end 1o build up and reach a peak just after the heavy

the biting
‘Septamber  to  November) (Fig.3). After tnat,

i~
% |

r
i ; - o g to a lowe
fensities of these species continued to decreas

i

] the year,
level during the dry season. At this time of

&2



-enulto breading habitals were mateio
Mmosoul 1o DUeEs 11 AR > WEre mainls ‘lhose +Qrmed b

y the

receding viver and overtlow pools and collections of water

asspciatad  with airvigation activities in the area -
- “

mosguiie breeding sites are not normaliy formeg during the

short rains {fApril-May),

Al

unless there is exceptionally heavy
rainfall. Wnile rock pools along the perennial Ghibe river
hank favowed the ocourvencs and breeding activities of most
of tne anopheline species, breeding habitats associated with

irrigation canals sremed to favour An. pharoensis.

)

The changes in the relative densities of An. gambiae

s.l. and An, pharoensis (Table %) observed in some months of

the vear (e2,g. September to December) might be due to the
creation of new suitable breeding sites during the rainy
season  and  hence of increased breeding activities by these

cies. Apparently high relalive densities of An.pharoensis

D

ap
biting man corvssponded with extensive irrigation activities
in the area (Octobesr-January). An. gambize S.l. biting
denzities sesm to decrease at the height of the dry season

: i i ay be due
beiwzen Fepruary and #pril (Tables § and &) . This may

; his
to  the disappearance of many of the breeding places at ¢

spraying
time o©f the ysar and probably to effects of house Spray

hand, AD.
with 00T in  January by DCMOVD. On the other ’

e it uring the
showed an increase in numbers biting ¢ 9

the dry

hs of
{June-September) and 1n SOME mont

the elastic
Season  (September-January) , probably due to

oy
€



preeding activities of the graoup in many kinds of habitat
s

- m 5) The effects of house =pr .

(Tabls 20 . The ef Fe WY NOouse spraying with LoT

) in June

seemed  to be curilailed by the cr i o :

sgemeud 10U i “ e Creaticn of numerg ' g
Us breeding

cites during the wetl season, which favours proliferation of

the group.

Anopheies pharoensis man-biting densities showed a

decrease in number both during the hieight of the wet season

(June-fhugusti, and during the height of the dry saason

(February-—-Mavi . The fluctuations in the biting densities

chbserved of both An. gambiae s.1. and An. pNAroensis were

closely associated with ithe availability of suitable breeding

places in the area. An. gambiae z.l., however, showed least

fluctuations due to the capacity of the mosqiutoes tc breed
in both natuwral and artificial habitats, fully or partially

exposed to suniignt (Wang, 1966; Stevens, 1984; Zahar, 1984),

p o

elative man-biting densiti=s of An. coustani coustani,

seasonality, but these species were caught in relatively

greater numbers during and after the heavy rains. The

relative grevalasnce of An. longipalpis and Al. tor

Rowaver , appesared to decline with the approach of the heavy

Tain  season  (Table 5. The scarcity of adults of Bl

Ratalensis An. aarnhami, Bn. christyi and 8fis SQUAMDSUE

. ; ; opulation
during mast of the year may be due 10 their low Ppop

11 as due tu the Very low degree

densitig: in the area, as W

i

l:fx
o



Migther larval nov aduli sgecimane of £
An. funestus ang

An. DLLL WEre caliected in ihe present study. These species

were venorted as important vectors of malaria in different

regions of Ethiopila (Melvilie st aley 1945, Covel, 19573

Fontzine., et

T

t., 1961y Wang, 196635 O‘'Connor, 19673 Krafsur,
1970a, 137735 Gebre Mariam, 1%24) .The absence of these species
in Bhibe is probeably due to lack of suitabie breeding
habitatz 1n the area. Human bait collections, which might be
the least bhiased and probabiy the most reliable method to
study antnropophilous anophsline populations (Service, 1976),
should have revealed zome An. funestus and An. nili females
if thess spacies wers present at Ghibe.

Fesuits o©of human bait collections in this study show

that An. gambisne =.l. and An. pharoensis made up the greater

praportinns of hunan baii catches (Tables 5-8). It 18

evidant that the two species were the most abundant

anthropophilous species in Bhibe. Tables 7 and 8 show that

An. gambise s.l. ¢ed both indoors and outdoors in  equal

ous
Proportions and hence were equally endophagous and exophag

p o= 0.044 (Table 7)

in their feeding behaviour (T = A0
0.01
and T = .38, P& G880 i Table &) .
R

he gl’.lt.l’
Ar ; ophagous, Wwhere t
Q. pharvensis were mainly exophag ’

s
; 33 & an wtdw
Fropartions of this species were caugnt biting M

0
L



" . Neaid 58] = = 0,018 a0 SRR T At A
(1 = CaClay T SRR R - 1 etz ch‘.U—’,7,
G EEL Q.01

rw:p&“:ti* 1Y)

~

Highton g2t al. (1979 reported  An.arabiensis as
catholic 1 its  {eeding and rasting behaviour. Similar
pbservations were reported by White gt al. (1372), White
(1974a) and White et al. (1980). The higher degree of

anthropophity and the tendency for equal endophagic and

expphagic  +feeding behaviouwr in An. gambiae s.l. (presumably

ahserved in the present study are comparable

to the findings reported by these workers for An. arabiensis.

Howevar Hrafsur (1977 found An. gambise s.l. strongly

gndophanic in Gambela. FErafsur (1977) also reported that An.

¢ in Gambela wers egually exophagic and endophagic.

Thiz epzciss, howsver, was mainly exophagous and tended to

i2g in Africa, the species shows

present study. n cther studies

-4

; i and
inherent variations in its degree of anthropophily

feeding behaviour (Oe Meillon, 1951b).

i aviour
Such inconsistent choice of host and feeding beh

, : ; uted to
by &n. arabiensis and An. phargensis might be attrib

host of choice at night.

the availabiiity and location of the

3 W where man
It should alss be noted that at Ghibe Farm 1,

A : ma be
Outnumbers other hosts, and where the inhabitants y
the feeding

v . 3 M
found  cutdoors or indoors -in  the eVENiOgs ,
udy a
A : esent st
Sehaviour o these species observed in the B

i
Ex il



L 10% of each) (Table 7 and 3). White

(1974p)
reparted  on the ococurrvence of An, lonaipalpis in Ethiopia
’

but tittle is krown about the teeding behaviour and choice of

host for this species. Nor iz there 4ny evidence of natural
infection with Flasmodium species in this species in

Ethiopia, o in other parts of Africa (De Meillon, 1951b).

An pretoriensis was not generaliy corsidered as an  indoor
Biter in Ethiopia but as high as 21% indoor caplures were
reported by Giaguinto-Mira (13%0).Instances of indoor biting

behaviour bv An coustanicoustani were also reported in

Ethiopia and =lisewhere in ffrica  (Giaguinto-Mira, 1950; De
Meilion, i19=1:,

he omost important anthropophilous species in Ghibe Farm

Were An. gambiae s£.l. and An. gharosnsis. These species were

: ; i n
"eported to  be important in the epidemioiogy of malaria |

i . - frica
different regicns of Ethiopia and other parts of A

: SRR : 1963; Wa
‘borradeti, 1939, 1940; Mara, 19503 Service, 1963; Wang,
1 g 4 . i 974a
1966, U’Connmar, 19673 Krafsur, 197a, 1977; White, d ;
. the
; - - % W of
Ussell,  195%;  Gebre Mariam, 1984). In vie

An. gambise S.l.
Ghibe .

CEUuMLlated information on vector species,

"PREArs to be the mos



resumabiy a

Condary vector gf Malaria jn

This species may be important jn aggravating ih
9 the

malaria Livtection induced by an, ambiae 5.1
An, g 138 3.1., partic:ularly
during the peak transmission season (Jc

tober—December) y and

in maintaining the endemic malaria situation The

relatively higher rumbers of these Species biting man indoo
rs

and outdoors, and the malaria incidence observed in thi

s
study, may stvrongly sUupport the implicated and/or  assertad
role of ithese species as malaria vectiors at Ghibe.

The average man-biting rate indoors of An. gambiae s,]

was 2.0 bites per man per evening, and far exceeds that of

]
P
=
Hi
=¥
7

b
1]
4]
-
Py

Table 393, The value for An. pharcensis

average man-biting rete indoors was 1.5, which is about hal f

that of 4n. gambise =.1.. Dutdoor man~biting rates for both

An.

ambize =s.l1, and 6n. pharoe nsis were similar. The

e
;,u
‘
i
f
|

comb ined biting indoors by An. ambiae 3.1. and An,

roensic therefore comprised the cverwhelming risk of being

§ the combined

Bitten bny Anapheles species at Ghibe.  But

average aindoor and outdoor man-biting rates of An. gambiae

respactively) were more

Sl

E:l. and &n.pharoensis (4.5 and 4.8,

Thers was therefore a chance of receiving a

. e rs b
similar numhsr of bites peEr @vering indoors and outdoo Yy

these spacies, Average man biting rates by Ad. gambiaz s.l.

ved in this study were much higher
The

and  An, pharcoensis ohser
(1977) in Bambela.

than  trose reporied by Krafsur

1]
{ax]



average biies per ma : i
M&n per evening for the oth
er anopheli
ines

inside houses was vary low (Table 9)
258

Mention ! ng
o should  be made at this point that ¢
“ . ne biti
cycles of the anopheli
‘ anopheline mosguitoes over a 12-h
—hours  period

remainsg 1o be investi i
vestigated. However, the pattern of feed
il eeding
activities of Anopheles i
LES MOSqUitoes before midni
midnight was
renarkable  i1n that there
4 was a decline in biti
1ing activities

towards  midnight {(23:00 to 24300 hrs.) (Table 10)
. An,

gamiisae S.l. were characterized by maximum feeding ocurring
indocrs and outdoors between 19:00 and 22: 00 hrs. Indoors
peak feeding activiiy was observed betwsen 20:00 and 21:00
hre. preceded by outdoor peak feeding activity (19:00 to
20:00 hrs) . An. pharoensis feeding activities indoors peaked
betwesn  ©1:00 and 28:00 hrs, and preceded outdoor peak
feeding activities between 82:00 and 28:00 hrs. (Fig. 4).
Service (1963) reported that maximum feeding by Al
gambiae ».l, in Nigeria had a single peak between 03:00 and
04:00 s, and commented that this was variably reported Dby
(1977) reported peak An. gambiae Sel.
and 06:00

other workers. Krafsur

£
feeding activity to occur indoors between 04100

was not covered 1in

i

period of the night

e with the results of

hrg |
S Howsver, thi

thi - _ ’
his study and it is difficult to compar
- _ S An.
others in this respect. Service (19653) reparted that AN

st s . e of Nigeria, showed
Quiyoenuls, irn the Guinea savannah z0N2 of Nigeria, P
] i ; ook t
tWo  peaks, which accurred before and atter midnight. Bu

£



R e e .
prafeur (1577)  reported that An, gharoensis were active

ghortly after dark with most of the biting catches

o

occuring

S idnight. iyt ¥ t st i a
pafore midnig in the present study peak biting activities

gé fAn. Rpharoensis were between 21:00 and 23:00 hrs Thi
. . s

ohservaticon was somewhat similar to that of Krafsur (1977) in
Gambel 2 .

It was observed in this study that the proportion of
unfed mosguitoes  in human bait catches was always much

greater than that of fed and agravid mosquitoes (Table 11).

Unfed and fed An. ogamhiae s.!. and An. pharcensis (285% in

both) were the pradominant females in human bait catches and
gravid females of these species might have been attracted to
mar  either 4o the next blood meal, or while looking for a
suitable resting site, or for piant sugars.

Monthly dissections of both An. gambiae g.l. and A

were not sufficient to provide Sporozoite rates

12).

for these =pecies at different times of the year (Table

: - itive for
Only one female An. pamb i ag Sl (0.,8%) was pasit

T positive galivery

tlasmodiug  cocyst. In the scarcity of

e A
) L 4 ; . gambiae s.l. and A0
gland and stomach infections in both An. G3fE2==

it is difficult to estimate the

eharoensis during this study,
: : by these
) : 5 nfection by '
inctulation rate and the risk of malaria 1
Specios,
the

n
. .. 4ifficult to explal
From this opservation, it 18 A g

X human
ol es of the
Malaria incidence observed 10 hiood sampl

-4
o



diation living at GBhibe, 40y g
o O Connor (1967) reviewsd the

reporte  OfF Clssections to determine the vectorial status of
é o

pnophetes mosguitoes in diiferent reigons of Ethiopia

pecordinglily, vesorts of sporozoite vates ranged from O 03% to

0.2% in different places at different times for

An. Qgambiae

1.0 This however, did not take into account dissections

1G]

with negative results, rrafeur (1977) reported an infection

rate of 1.87% (136 /8348) for An. pambiae s.l. in Gambela.

In other parts of Atrica, sporozoite rates as high as 5.9%

were  reported for An. gambiae s.1. {(Bervice, 1963). The

gsporozoite  rate of 0.52% in An. arabiensis and 2.68%4 in An.
gambiae =.1. reported by White gt al. (1972), and 4.7% in An.

gaunbty 1 ae

i

.i. by Davidson and Draper (1953) fall within the

samg limits . The mean overall sporozoite rate of 5.89% was
{ : s
somewhal cons:dered as valid by Service (1968).

\ e 5 1o e i tions
absence of positive salilvary gland dissecti )

in the . -t :
¢ this study, the foregoing raporis o

Ne
4% was  the case ir

=

% \ to
spUrozoite rates in An. gapbias s.1. codld passibly help

Cemsesmeinatanis

: ; ites a person
estimate the theoretical number of infective bit

TR ~, i § the biting
Faceives in a given time. Thig is & function O

. - it estimated
rate of the vector species (Taple 9 and 1

' mber of
Sporozeoite rate. In view of the relatively ilow nu
-y le 12), the
msquitoes dissected during this study e
vosceur (1977) @y 08
Sporozoite rate of 1.87% reported by Kratsd :

rate for Ale gambiz@

s £ L ol tE‘
3Ssumed asz an estimate of the spd QEOL st
¢ @n
2.l t Ghi B i the forzgoing agsumpt10n:
2ete  at BGhibe. Bagad on ? 3

i |



results OFf average ma Lting
. n-biting rate ohiserved during thi
1= study

,‘_‘5} H f-.‘”:' Q'.).’ R DN 3 g w3 )
(Tabla =), t earetical infective bites par
W
person per

el at Ghibe by An Aink i
evening L i QY fAh. danbiae s,1, would he

(E. 77 x
a7/ 100) = Q.058. Howeverr 5 1 lus erate e
r, iowaver , SUCH valuses may exagoerat th
‘agae

actual intective bitez per man i
AN F&T avening, b
+» DY the mere fact
that human baits are in*-;entiona?.‘ly exposed to invite biti
iting

mosquitoes, a5 opposed to the normal condition of avoiding
bites.

All dissections of An. pharcensis (417) were negative

for spoarozoite and oocyst infections. This speciez was
reported to be vector of secondary importance in Ethiopia

(Russell, 19%2; Gebre Mariam, 1984). Nevertheless most

X 4 o= o e o - § i 1
attempte at dissection to determine the sporozoite rate
yleided fow positive results (0‘Connor, 19673 Krafsur, 1977).

Howsver , some authorities reported a few positive salivary

gland infections in Ethiopia and other parts of Africa

(0'connar, 1967: De Meillon, 195ib). Even though this

s

sPecies was caught biting man indoors and outdoors, and were

to An. gambiae s.l.)

Ghibe, there is too littile

). .i t & e
FAtivaely more anthropophilsc (zecond

than ather anopheline species at

Information on the sporopzoite rate that could be used as a

the theoret ical infect ive

e from An. phargensis
for A0

bass 5 . 4
98is for an estimate. Therefore,

Bite 5 i i

1185 a person receives in a given tim
Y ) & e

 Bhibe can not be even pstimated, B35 Was don

Sambigem o -
HAMb ) g 2.1 . above



since An. coustani Coustani and e

retoriensis were

moderately attracted io man, a few examples of ‘hese specy
the es

were dissect2d during the study but with negative results. In
addition to these species, Ap. christyi and An. sguamosus
were veported to bs infected with Flasmodium sporozoites
under natuwral conditions (De Meiilon, 193ib; 0’Connor, 1967).
put their vole in malaria transmission still remains the
least known. There is little information in the literature
with regard to natural infections in An. longipalpis, An.

and An. garnhami.

Monthly dissections +or age determination in An. gambiae

s.l. and An. pharoensis during this study were much fewer

i

tharm those

by Detinova and Gillies (1967) and Gillies and

i Tanzania. Therefore, it is difficult to

Wilkes
determine the true age composition of these species from SO
short & oeriod of manthiy sampling. However, the results of

ced to determine the age

(w8

izssections of these species can be U

at which these mosquitoes were caught biting man.

= (pre-gravid,
The  proportions of  young females P

Mulliparous and 1-parous) in both £0. gambide S.le e

1 in
' - oL nlder females
Rharoensis exceeded that of S3-pal ous and

oo st K

y., It was alse found

some months of the year (Table 13 and 14

Lk oportions of
that  nuiliparous females made up the @ o
n most parts of the

i . ; ; i yup 1
these species than any other age gorup

tions
variations 0 the propoertl
=]

A\ = S 4 7 .l
Year, There wers considerabl
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of yourg  females in different months. Thesa maonthly
irreguiarities in the proportions of young females  may

| X o

probably be due to variations in ithe intensities ot

BMETOEIE . Gitlies and Wiikes reporiaed  that  haigh
oroporticns  of vourng  femsliss corresponded  to high adult
density and raintall, ithersby associated with an  increased

rate of new BMergences.

The oldest females obzerved 1n both Gn,. gambiae s.1. and

i

An, pharoensic were 9-parcus. Tt was repeatedly demonstrated

that it took 2 to ¥ davs to complete the first gonotrophic

cycie and 2 days for svery subseguent oviposition (Gillies
and Wilkes 1943). Thnerefore the oldest females (H-marous)  in
the present study would have been 27 to 29 davs old. The

average age of females which avre S-parous and in their fourth
gonotrophic cycle, is ahout il to i3 davs. The s«<trinsic
cycle for P, falciparum reported by Davidson and Oy apear

L 1353) was 1g tc i

5}

davs. Therefore I-parous Females in
their mid-fourth gonotrophic cycles would be of sufficient

age ito develop - the parasite t

{'!

the infective o age .  I-parous
-f-.\ R "~ €3 i~ \2 o =3 i 1
emales are the Youngest age which are dangsrous as malarie

vectors, Ei s found th
=) 5} It was found that S-parous and older females of an.

amb i & S o ) dicme y P -
gambiae s.1., dissscted were 45.6% and that of An. o e i

were 48 .28%.
By o T L 1 i parsin
From mark release -~ recapture e periments, Billies

ang Wilkes (1985 renparted that



was f0-garous and had & zalendar age of 34 davs. The scame

authors alsg rvepovied 1d4- and 15~ parous famales under
natural conditions. The rasults of dissections at  Bhibe
yielded females of An. gembiae s.1. and An,. phargenzis as old

as F-parous. From these findings it is difficult o conclude
that the average longeviiv of these speciess is 27-289 days.
The lack of evidence for the existence of older femaless may
probably be dus to the incrzased mortaility, due to a higher
chance of exposures to residual insecticides in the area. At
older ages, ihe proportions diminish due to mortality. On the

other hand, ii was found increasingly difficult to count

o~

dilations in older specimens, with chains of dilations which

are adherent and form clumps. The difficulties which ware
discussed by senigr authoritiss on ovarian dissection
(Detinova, 1962, 1368 fOetinova and Gillies, 12964y Gillies

and Wilkes, 12853) were well founded and valid.
In the duration of thisz study, parasitological surveys

confirmed that the Ghibe Farm is one of the malaria endemic

tocl  in the country. F. falciparum was the oredominant
malaria parasite in the area. It was noted that falciparum

malaria was sigmificantly more prevalent among children than
among aduits,

Entomological studies reveaied that nine anopheline

species occure in and around the Ghibe Farm. Mosguito
proliferation in the area was perennial. The most abundant



anthropophiiic species were An. gamtiae s.1. and An.

Adull  femels densities of these species were

pharoens
closeiy asscociated with rainfall, with irrigation activities,
and with side ponls and rock pools aszociated with the river.

A, oambiae s.1. and An. pharoensis were presumed to be

responsible  for  the malaria infection chserved during the

parasitoliogical surveys and at other times. An. gambiae s.1.

were agually endophagic and exophagic in their feeding

behaviour 4 wWhereas Fille pharopensis wersa significantly .

ewophagous  in the present studvy. The indocor and outdoor

biting rate of An. gambiae s.l. exceeded that of other

anopheline species. The biting rates of An. gamBias s5.1. and

fin. pharosnsis observed in this study were much higher than
those reported by previous investigators in other regions of
Ethiopia. Evening biting catches indicated that most of the

indoor and ouidoor biting by An. gambiae s.l. occurred

between 12:00 and 22:00 hrs. Most of the evening bDites by

Arn. phargensis were observed between 20:00 and 22:00 hrs.

indoors and between 21:00 and 23:00 nrs. outdoors. Unfed An.
gambias s.l. and An. pharecensis females made up the greater
proportion of the human bait catches.

Dissections for salivary gland infections in both An.
i

gambiage s.i. and An. pharoensis females revealed no positive

Specimans. Only one An. gambiae s.l. female was found to be

positive for Plasmodium oocysts. Monthly dissections for age

76



determination indicated that ithere was some variations in the

intensities of energence of both An. gambiae s.1. and  An.

ditferent moniths of the year. It owas found

females 1n these speciss encountered at Ghibs

wers feparous individuals. S-parous and oldey femaies, which

are epidemiologically important in  the transmission ot
malaria, were observed 1n conziderable proportions  in
different months of the vear. Sipce the average age of the
oldest females observed from human bait catches was about 29

days, -2 to 3 monthly sampling and closer monitoring of the

pattern of gonotrephic cyecles are recommended o determine

fH]

the irue age composition oFf the popuiations of these specie
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1

AEFENDEX

Meteoroiogical Data on Rainfall in Bhibe

Horticulture Development Farm betwsen January,

1984 arnd February, 1989,

FRainfall in mm.
MONTH
1984 1985 1386 1987 1988 1989
January 0.0 i2.3 0.0 34.5 22.0 14.5
Fabruary 7 s 0.0 31.1 24 .2 53.4 23.0
March 10,1 29 44 .2 24.5 13.9 -
Aprit 8.9 51.28 87.0 48.0 15.8 -
May 133.7 115.B 81.7 - 3I91, [ A1 -
Jun 144 .5 g% 2 i78.7 104.0 12i.l -
July 212.0 265 .9 {51.0 158.4 3855.1 o
August 122.7 B22.3 sp.0 138.7 176.6 -
September @1.5 ek | 176.4 5,0 150.1 -
Octnber 10.2 24 .2 26,8 i8.4 A4 .0 -
Novembhe 12.3 1.2 G.2 7.4 0.0 v
December 4.2 10.0 1.0 2.3 9 -
PR b

TOTAL 759 .1 859.7 Z60.1 856 .1 1016.3




Metesorologiesl Data on Temperature and

Relative Humidities in Ghibe Farm (1924 tc 1989)

Averane Monthly ' Average Monthly Relative
o
Max ~Min. Temp. C Humidities (%)

PMONTH

Mas . Min. AT ORDO 0300 1200 1500 1800

January ZE . 3.8 S50 LT Ve 59.8 - O 4 65 .2
February 36.5 15.7 83,7 76.5 63.2 956.7 63.8
March 37.2 £7.0 89.0 75.5 64.0 67.0 62.8
Apr il T 1B.E 84.7 77.5 66.8 68.2 69.4
May 4.7 12.5 g7 7 @80 69.6 TS 77.4
Junes G4 B 17.0 +5.2 85.0 78.0 78.2 76.2
July 28 .3 16 .4 55,3 91.5 84.4 85.0 81.3
fugust  29.4  17.9 97.8 92.0 83.2 84.0 B81.3
= a3 S .
September 31.7 173 o ol 89.7 80.2 83.5 20.3
Oc tober 85.1 15.6 g3.3 ©2.0 74.6 76.7 79.5
November 386.3 14,5 95.3 72.0 67.0 64.7 73.0

&4 .0 68.0
Deconber 36.4 1




R LRI S

T ihe undersigned, declare that this thesis

iz my work and that all sources of material used

for the thesis have heen duly acknowledged.

MName ¥ Hf«\E{TE

Signature! jy é@ zez_k_LC

ADDIS ARAEA UNIJLF‘“

u

Flace:

A, 489
Liate of submisslons JULY . 19832



