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1. 	Project Titlo;
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2. 	 Principal lnveatistator and Contractor:
 
Professors G.B. Craig, Jr. and K.S. Rai
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3, Contract Period: 
3 years, 1 July 1971 - 30 June 1974 

4. Period Covered 	by Report:
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5-8. Fiscal Data:
 
Not included in this report
 

9. Narrative Summary - Accomplishments: 

In the first half of year 2 of' this project, the staff has been completed
 
and both laboratory and field site Pre well-established. Primary emphasis has
 
been on monitoring specific village populations of A# a to provide year­
long baseline data on population dynamics. Life table data and patterns of
 
movement and dispersal have been accumulated by capture-mark-release-recapture
 
experiments. Earlier release experiments have been replicated in other vil­
lages. Experiments on the outdoor feral portion of the population have been
 
conducted in outdoor cages and on canopy towers in a forest. It was shown
 
that some gent.. exchange occurs between indoor and outdoor populations in the
 
wet season but not in the dry season. In experiments to develop chromosome
 
translocation stocks for genetic control,72 now translocationa have been iso­
lated in a Kenya background and two of these Mn now be available in homo-

Xygous condition. First attempts at mass production of mosquitoes for trial
 
releases has been successful, We have accomplished colonization of four
 
species of Aedes, all potential disease vectors, that have never been colonized
 
in the laboratory before. Finally, an MBU consultant, Dr. W. Kilama of the
 
Medical Faculty at Dar has shown that A. aeiypti could be a significant vector
 
of filariasis in East Africa.
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Staff 

By May 1972 the WlU staff was complete. No new people were appointed

after that, although the numbers of casual helpers employed on a day to day

basis for particular fteld expetmients increased slightly towards tile and of

tle 	year. The recruitment of local helpers was very valuable, especially

when working in the villages and will continue in the future at an even
 
slightly higher level.
 

By June most members of our ancillary staff had reached a satisfactory

level of efficiency and competence, In the second half of this year we

could .therefore
.. .tes.t t!Q.m ul.lndtvidually_ at.., special tasks -andentruet-soee

of them with entire oxpuriments or supervisory functions in field work.
 
Based on their varying performance we reached the conclusion that we could
 
reduce our staff by one laboratory and one fteld assistant without risk of

losing efficiency. We expect rather that in future the remaining permanent

staff will benefit through increased individual guidance. With upcoming

changes due to the progress in some of our research projects our ancillary

staff will be reduced by two people by the end of January 1973.
 

Laboratory facilities 

In the past few months the MBU laboratory has experienc dsome significant
changes: 

1. 	 The ICIPF. governing board has decided that as of July 1, 1972, the 
laboratory of the Mosquito Biology Unit in Mombasa should be called 
ICIPE Coastal Revearch Station. This implies that one or two other 
ICIIPE research projecti,, will be accomodated on the same premises in 
the 	future.
 

2. 	The garage has been transformed into a mass production insectary.
 

3. 	A workshop for the construction of cages and laboratory furniture
 
has 	 been built in the garden surrounding the laboratory. 

4. As agreed in the lense contract the rented building has been repainted
 
inside and outside.
 

In order to accomodato a radiation source some additional minor changes
will have to be carried out following specifications of the Kenya Radiation 
Protection Officer. 

1. MIBU has finally obtained Its third field vehicle, a Jeep Wagoneer. 
The vehicle is extremely comfortable on good roads and promises to
be as toulh and versatile in back country as the two Land Rovern. 
In view of its higher speed tnd greater comfort it will, however,
mainly be used for long distanco safaris and coinmuting between 
Nairobi and Mombasa. 
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2. 	 A radiation source has been purchased and is now on the high seas. 
The arrival is expected for the beginning of February, The radiation 
physicist of the Konyatta National liospital will assist us with the 
clearing 	 of the source through customs and with the dosimetry. 

Relations
 

Visitors 	 to MBU: 

The fliow of visitors cxpoericed ini the first half bof 1972 conitinued 
at a steady pace also through the second half. A list of these visitors is 
attached. Especially mentioned should be the following-

July - August: -Mr. S. K. Semiala, a medical entomologist of E.A. Virus 
Research institute, Entebbo, stayed and worked with us for two 
weeks. During this period he got acquainted with our genetic 
marker stocks, our rearing techniques and our marking methods for 
mark-release-recapture experiments. His accounts of the bionomics 
of various Stegomyta in different parts of Uganda on the other hand 

provided much stimulation to us. 

August: 	 Ms. R. McDonald, a former laboratory technologist of Prof. Craig 

at Notre Dame and now with the Birkbeck College, University of 
London, spent her four weeks of leave with the McDonalds in Mombasa. 

She came to our laboratory almost daily and introduced our technicians 

to the acetone technique for preserving and mounting mosquitoes, and 
to other intricacies and finesses of mosquito work. We herewith wish 
to express our thanks to her for this to us most profitable visit.
 

August -September: Dr. Milan Trpls from the Vector Biology Laboratory of 

the University of Notre Dame was our only Project Consultant during 
the u.cond half of 1972 (see annex 5). During his visit of 10 days 
we discussed several aspects of supportive research which is carried 

out at Notre Dame, especially with regard to host seeking behavior 
of the different A, aegypt. populations found in the Rabai area. We 
also experimented with a simplified form of mosquito trap designed 

originally by Dr. Gouck from USDA, Gainsville Laboratories. 

It ought 	to be mentioned especially that Dr. Trpis' visit to the
 

E.A. Virus Research Institute in Entebbo, made during the same
 
trip, was exceedingly wull. received. Both Dr. Mukwaya and Mr. Sempala
 

have expressed their hope that future consultants to MBU would also 
pass by in their institute. 

November: Mi. Philip Bebora, entomological field assistant of the Divialnon 

of Vector Horne diseases, Ministry of Hloalth, is working with us 

for a planned period of 6 months. During this time Mr. Bebora 

should learn the rearing of Aedes aegypti and other mosquitoes. 
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Hie should also become acquainted with various methods of catching 
mosquitoes in the field, with mark-release-recapture techniques,

and with the recognition Of mutations in A. aegypti, ie should 
also learn to test mosquitoes for insecticide resistance. In 
addition he is expected to expand his basic knowledge in medical
 
entomology.
 

So fir Mr. Bebora has adjusted very well. to our laboratory work.
 
In the coming weeks he will now also become involved in field work.
 

Visits made from MBU:
 

Every month one or the other of the MBU scientists paid a visit to 
ICIPE headquarters in Nairobi. Since August these visits were coordinated 
with the monthly meeting of the ICIPE Science Council of which the MBU Project 
Leader or his representative is an ex officio member. These monthly visits 
serve not only to settle upcoming business matters but are also essential 
to maintain our close communication with the ICIPE scientists. The visits in 
Nairobi were usually combined with visits to the Division of Vector Borne dis­
seases of the Kenya Ministry of Health and with contacts to teachers and stu­
dents of the University of Nairobi.
 

In addition to these regular contacts Dr. D. Fanara paid a return visit
 
to Mr. S. Magayuka in Amani and Mr. C. Garret-Jones in Tanga.
 

In November and December the project leader, Dr. W. !ausermann, having
 
completed almost two years in Kenya, went on home leave for six weeks. 10
 
days of this period were spent at the Vector Biology Laboratory of Prof.
 
Craig. Following this far too short stay at Notre Dame four days were spent 
attending the meeting of the Entomological Societies of America. Canada and 
quebec in Montreal. Valuable new contacts were made during this time. 

On the way back to Kenya a prolonged stopover in Switzerland permitted 
to visit the Swiss Federal Research Station for Plant Protection in Wadenswil. 
Here the sterile male technique had been successfully applied against the 
white grub coikchafer Melalontha vulgaris (horber 1963) and plans are worked 
out to try the method against the cherry fruit fly Ragoletis cerasi. 

During the visits in USA and Switzerland two seminar talks were given, 
one in the Department of Biology at the University of Notre Dame and the 
other at the Swiss Tropical Institute in Basel. The first results of the 
research activities of MBU were the subject of the talks. 

Research
 

The research work during the past six months has principally followed 
the project outlines presented in Annex I of the first Annual Research Re­
pc.t. The progress made in the various projects in discussed along those 
outlines. 
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Project 1: 	 Routine monitoring of A. agypti in Rabal location. Responsibil­

ity: W. Hausermann
 

For almost a year now, we have systematically monitored the fluctuations
 

of the A. aegypti populations inside and outside houses. The following pic­

ture starts to form;
 

1. 	The i.ndoor populations of A. aegypti are fluctuating widely from 

week to week or between villages in the same week. Seasonal trends, 

however, are almost absent, with perhaps one exception. Just after 

heavy rainfalls in May a: series of peak landing-biting catches were 

made in June. These peaks coincided with a heavy build up of the 

outdoorpopulation and are due-to.mosqui-toes from outdoors entering 

houses (see also: Teesdale 1955; Van Someren et al. 1958; Fanara, 
pers. communication).
 

2. The outdoor populations of A. aegypti are naturally dependant on the 

rainfall and when being assessed in ovitrap collections, showed ovi­

position peaks about 2 weeks after rainfalls filled a large number
 

of larval habitats. The highest oviposition peaks were observed in
 

June after the heaviest rainfalls of the year in the second half of
 

May.
 

It is notable also that during the observation period a shift in the
 

species composition collected in ovitraps occurred. During the colder part
 

of the year - May to August - A. metallicus was the second most common
 

behing A. aegypti, whilc since November A. simpsoni has taken over
Stegomyis 

this position and is even competing with A. n ti for the number one spot.
 

It was decided to terminate the routine monitoring at the present scale
 

by the and of January 1973, i.e. after 12 months of observations. However,
 

in view of the rather comon experience that every year is special, it is
 
planned to combine an investigation into shifts in gene frequencies in indoor
 

and outdoor populations with the collection of some census data from at least
 

one 	village.
 

Project 2: 	 Preparation of life tables for indoor and outdoor populations of
 

A, aegypti. Responsibility: W. Hausermann
 

The first mark-release-recapture experiment carried out in April and May
 

1972 is still under evaluation. The problem of dispersal and female insemin­
ation in the first few days after eclosion which was poinetd out at that time
 
was tackled in special experiments since.
 

In two release experiments, one with Field produced A, aegypti and the
 

other one with Fl hybrids of two laboratory strains it was established that 

a) female insemination starts about 30 h after eclosion as in the laboratory 

and b) the percentage of inseminated females rises at a slower pace than in 
the laboratory. 72 hours after eclosion still less than 80% of the recaptured 

females were inseminated while in the laboratory cages close to 100% of the 
females were inseminated by this time (Gwadz 1968).
 

Dispersal from house to house also started about 30 hours after aclosion 

nnd within less than 96 hours after eclosion 32 and 36% of all mosquitoes re­

covered in the two exporimants had dispersed to other houses, Trends for 



Wdifferent dispersal between sexes and between the native and the laboratory
produced mosquitoes were noticed and will have to be studied in subsequent
 
experiments.
 

Dr. McDonald has carried out an additional mark-release-recapture ex­
periment in which he marked only newly emerged adults. The results of this
 
experiment are presented in Annex 2. As the first mark-release-recapture
 
experiment it indicated also an abnormal mortality in the first 24 hours
 
after marking. After this first day the 24 hours survival rates corresponded 
closely to the results of the first experiment with about 0.89 for females and 
0.62 for males.
 

Pimbct 3 and 1t 	Environmental. definition of indoor and outdoor habitats and 
behavioral relationships between domiciliary and extra­
domiciliary populations of A. aegypti. Responsibility: 
D.M. Fanara.
 

In the 1972 "Annual Research Report" this researcher reported on a pilot
 
mark-release-recapture study. Since that experiment the three known strains
 
of Aedes aegypti from the Changombe Location were colonized and a more exten­
sive and intensive experiment was conducted. The more notable results are:
 

1. The marked, domiciliary, pale A. aegypti distributed itself through­
out Mwamsabu Village after release. The numbers captured in any given house
 
reflected more the attractiveness of the house to the mosquito than to the
 
numbers released. The highest biting density of marked mosquitoes was'..e­
corded for a house in which no release was made, but which had a high density

of A. aegypti. Figure 1 (Annex 3) lists the greatest distances into the forest
 
travelled by this domiciliary strain. Both males and females were attracted
 
to man in the forest. Figure 2 (Annex 3) depicts a simplified map of the
 
location. The indoor landing-biting pattern (figure 3, Annex 3) of the un­
marked domiciliary A. aegypti was sharply bimodal and contrasts sharply Tith
 
the pattern of the marked strain. The distinctly contrasting landing-biting
 
patterns may indicate that colonization and/or marking has influenced the
 
behavior of A. aegypti.
 

2. An intermediate (in appearance) form of the extradomiciliary Bejumwa

strain was co onized from larvae siphoned from a treehole during the wet season 
(Bejumwa Wet). Releases of hlis strain and the dark strain (Bejumwa Dry) were 
made at 50 meters intervals along the streambed (A through H, see figure 2 of 
Annex 3). The intermediate extradomiciliary strain ("marked" in figure 4, 
Annex 3) had a landing-biting pattern in the forest similar to that of the 
"unmarked" dark sylvan form. It was also taken indoors (33% for males and 
38% for females). It appears that this strain may be the genetic link be­
tween the dark sylvan form and the pale domestic form of A, pyj! during
the wet season. 

3. The marked, colonized, dark, extradomiciliary Bejumwa Dry strain 
was recaptured in very low numbers (Figure 1, Annex 3). Light males were 
captured in houses, but no females were taken indoors. 

* Current Projects: 

1. A large, portable field cage (80 cm x 160 cm x 320 cm) has been 
erectdd in the Bejumwa Forest. It is being used for further studies into 
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tho biting behavior of tie dark extradonticiliary aegypti. 

2. A13 metocr tower has been constructed into the canopy of the Bejumwa 

Forest. Marked males were captured at 7 meters altitude. 

3. Three different genetic markers are being bred into the colonized
 

strains of Changombe Location mosquitoes. An experiment will be conducted 

into the possi.bility of gene flow between strains. 

4. An artificial mosquito resting site has been constructed in Bejumwa 
Forest. 

5.An accurate detalled map 'of _the Changombe Location, including Mwamsaba 
Village and Bejumwa Forest has been ccmpleted. 

6. A series o.C experiments are being conducted in cooperation with Dr. 

W. Wood of the Internaitional Centre f, r Insect Physiology and Ecology in 

Nairobi. These expeiiments concern the attractiveness of water soluble ex­

tracts from the wood of treeholes utilized by A. e ti. 

Genetic relation between indoor and outdoor population.
Project 5: 

Responsibility: W. Hausermann 

at its peak,
Between February and April 1)72, when the hot dry season was 


the A. aegypti collected with ovitraps placed outdoors, corresponded almost
 

entirely to the color definition of asp. formosus. The A. aegypti. sampled 

from indoors represented the whole range from dark to pale A. aegjpti type 

Although zhe mutants gold mesonotum and spot abdomen were encounteredform. 

regularly in indoor samples, the mutants never occurred in the same indivi­

dual as is the case in var. queenslandensis.
 

During the rains, which lasted intermittently from May to December this 

picture of two sepnate populations changed. A. aegynti type form mostly from 

the dark end of the range was quite commonly found in outdoor habitats and con­
asp. formosus to the rise in outdoor ovipositiontributed about ;4qually with 

registered in June. 

Parallel to thiQ increase of the outdoor population the indoor population 

registered a lrht itcrease as well. Simultaneously dominant characters 

like black Ctiticle or black scales became more frequent in indoor samples and 

recessive charicters like spot abdomen almost disappeared. It was therefore
 

concluded that during the rains A. n2yt aegypti. mated with asp. formosus
 

and exploited all available outdoor habitats at one end and mated and ovi­

posited in indoor habitats on the other end, thus establishing a gene flow 

from sap. Cormosuy to indoor populations. 

of white scales on the first abdominal tergitesThe infrequent presence 
in what was otherwise clearly sop. formosus indicated at the same time a 

limited gone flow#in the other dirctLon. This gene flow was probably 
the dark type form A. aRypti found in outdoorchannelad maittly through 

and indoor IabituLs. flowevor, a single encounter of a sop. formosus female 

displaying Ietrozygos ty for the mutant gold mesonotum wan very likely the 
domestic A. aegypti and nsp. formosts.result of a dIrct cross between a highly 



0 

-7-

According to Mattingly (1957)A. aegypti ssp. formosus varies frOn 
mainly domestic to fully wild and thle type form from domestic to semi-wild
 
behavior. Var. queenslandensis in turn is fully domestic. It seems that in
 
the Rabai area each of the infraspecific categories cover the whole of its
 
known adaptive range. This was demonstrated for instance in the host prefer­
ence of laboratory strains established from field collected material. In
 
both ssp. formosus and type form some Rabai strains showed a preference for
 
man as host while others preferred birds or rodents over man (Trpis, personal
 
communication).
 

In the past year sufficient evidence has been gathered to demonstrate 
..a limited gene tAice,, aegypt ssp formosus ando 
A. aegypti aegypti. However, attempts to estimate the rates of exchange in
 
both directions have failed so far, partly because time was lost in search
 
of known color mutants which could be used for such a study, but mainly be­
cause not enough time was available. With the planned reduction of routine
 
monitoring program more time will be available for a study on gene frequencies
 
and genetic exchange in domestic and wild A. aegypti,
 

Experiments to demonstrate the gene flow between indoor and outdoor pop­
ulations through introduced genetic markers are planned by Dr. Fanara.
 

Projects 6 and 7: 	 Production of translocation ieterozygotes and selection of
 
homozygotes and genetic engineering of release strains for
 
translocations and 	sterile males. Responsibility: P.T.
 
McDonald.
 

Work continues on the isolation of translocations, the maintenance of
 
translocated stocks and the testing for homozygosis. To date the number of
 
translocations recovered is 72, of which 28 are T(1:2), 14 are T(1:3), 26
 
are T(2:3) and 4 are multiple T(1:2:3). Of these 72 translocation stocks,
 
61 have begun the two-generation process of analysis for homozygosis at least
 
once. Several have been tested for mt.ny generations. Results on 43 are in.
 
Of these 43, one has given viable homozygotes but was lost subsequently. Two
 
other, which have been analyzed just recently, appear to be giving homozygotes
 
in preliminary testing.
 

The Afriran.zation of marker strains has continued with three strains
 
from indoors and three strains from outdoors. All are above 9L% Africanized.
 
Additional marker stocks have been added to this program.
 

Projects 8 and 9: 	 Mass rearing for releases and release strategies.
 
Responsibility: W. Hausermann
 

After the mass rearing room was established, the first attempts at mass 
rearing were started in September. So far three of our laboratory strains 
have been mass produced. Although in the mass production room - as in the 
insectaries - there is no temperature and humidity control, no problems fo. 
redring and egg production have been encountered. In the best experiment we 
received about 60% pupation within 24 hours which is quite promising. Separation 
and sexing of pupae is not satisfactory yet. With the Gerberg pupae separator 

iin use at present we suffer a substantial pupal mortality. It is planned to 
acquire a Sharma pupal separator shortly. 



marked males andf emles,@resoaQ Of fluorescent 

2000 each, was made in five houses of a village comprising 
32 inhabited 

released wore hybrids of two "Indoor" laboratory 

A first smfl scalee 


houses * The' inosqultoes P1 

strains, one of which originated from the release village. Recovery of the 
with
 

marked mosquitoes was attempted with spray catches 
and was very modest 

l1.9% for males and 8.2% for females. in the mark"relea5Orocapture experi­
was over 

native mosquitoes recovery with the landing-biting catch 
ments with 
time up to 25% for males and up to 50% for females. Itwas expected that with
 

one go. Was
 
a spray catch similar recapture figures could be obtained at 


method a fault Lor the laboratory produced mosquitoes??
the spray catch 

The only posftive result of this "mass" 
Further experiments should show, 

so far is tcio training of our field assistants in the spray catch 
release 
t-linique... 

Mis cellancous rc-.ults 

1. Colonization of other Stagot, a 

permitted almost weekly
Regular collection of eggs of other Audes 


attempts to colonio,species which rarely or never 
have been kept in lab-


OMe of the biggest obstacles to colonization is mating

oratories before, 


for stenogamy. Continuous attempts withi.e. selectionin laborA'Lory cages, 
new Material seemed therefore more appropriate an 

approach to colonization
 

than repeated forced mating.
 

the first species to be colonized In our laboratory.
A.(.)vittaus was 
colonized almost simultaneously: A. (S.) metallicus 

The next two species were 
that species have 

and A. (S.) hnischL. It is for the first time these two 


been coloni.zed.
 

The next spoclas for which laboratory mating was obtained were A. 
(S.) 

odorst. Unfortunately despite these si.mpsoni, A. (P.) fulrens and A. (D.) 

initial successes no permanent colonies could be established yet. The ex­

periments will continue. 

2. Autop.,ny_14 A. L_(S.) yttatus. 

vittatUs colony exhibited facul-
Initially some females of our A. (i.) 

eggs. Attempts

tative autogeny (Corbet 1967) and produced an average of 10.6 

however, and autoget.y disappeared
to establish an autogenous strain Ciled, 

the offspring of 
from the colony within 5 generations. The reason was that 

failed reproduce autopenously aod did not take a blood­
aucogenouo females to 
meal.
 

ti. Thin, however, is not 
Autogeny was once also observed In A. 


new. Trpfs (personal communlcation) observed autogeny sevoral tines in
 
for nn autogefloUS


newly colontzed A. nuzILj, but again was unable to select 


It sogcin that in both species autogony is lost very quickly under 
strain. 

laboratory condit iono 



3. Speed of development indiffe-rent Stegomyia
 

From the regular ovitrap collections of the routine monitoring program

we had the opportunity to roar almost all our coastal Stogomyia from the egg
stage. A. aegypti ap. formosus reached 90%eclosion in 6 to 7 days depend­
ing on the season. It was always about one day faster than A. aegypti typo

form and one to two days faster than A. simpsoni, :&. metallious, A. heishi.
A calceatus and A. soloatus. 
 In A. vittatus the fastest individuals were 
as ast as sp, frmos, however, eclosion of a rearing batch extended 
usually over three to four days while in sop. fojmosuo 90% aclosion was ob­
tained,-within.-24ior ,-. --------- - - ---

joint research 2rojects
 

Dr. Paul Rodriguez from the Vector Biology Laboratory in Notre Dame '
 
has recently tested 19 East African strains of A. ae-ypti for susceptibility

to the filaria Bru iapahanti. 11 of these strains were susceptible while
 
among 24 Asian, West African and American strains 22 were totally and two
 
highly refractory. Could certain local populations of A. aeypti in East
 
Africa play a significant role in the epidemiology of human Bancroftian

filariasis? During his consultantship withl HBU Dr. W. Kilama from the
Faculty of Medicine in Dar as Salaam picked up this question, His report is 
includud as Annex 4. He tested four of our laboratory strains and found twopartially susceptible. 
 Dr. Kilama has decided to continue this investigation

in Dar es Salaam. 
Because of our interest in genetic differences between
 
populations, lIU will support his project as 
far as our means permit. 

Dr. Milan Trpis of the Vector Biology Laboratory, University of Notre

Dame, made an extensive collecting trip in Kenya and Uganda to obtain new
 
feral strains of Aedes nogypti. An account of his trip is included as
 
Annex 5.
 

Mr. Leonard Munstermann of VEL, Notre Dame, spent the summer of 1972
 at MBU, working on lizard malaria and its relation to disease transmission in
 
Aedes aogypti. His report is included as Annex 6.
 

I':I 
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List of~visitors to M5U from July -December 1972
 

4 Mr, M. Boppre
+1MA.'G, Kurt 
Max-Planck-Inititut 

Seewiesen,1. Germany 

Mr. Ph; Babora 

Divis ion of Vector Borne
 
Diseases 
Mombasa, Kenya 

Prbf.G.. Craig, Jr. 

University of Notre Dame 
N~otre Dame, U.S.A. 

Dr. D. Elder 
ICIPE Research Scientist 
Nairobi, Kenya 

Vect!or.ilg -toroyppLaboraProf. To A. Freyvogel 

Swiss Tropical Institute 

Basul, Switerland 


Mr. C. Garret-Jones 

Welcome Trust 
Medical Research Council 
Tanga* Tanzania 

Prof. W. Hello 

Lab. for applied Entomology 

University of Amsterdam 

Amsterdam. Holland
 

Dr. W. Ma 

ICIPE Research Scientist 

Nairbi, Kenya
 

Mr. S. Magayuka 

E.A. Institute for Malaria 

and Vector Borne Diseases 


Ms.~R. McDonald 

Birkback College 

University of London
SLondon, England 


Mr. LXE. lunstormatin 

Vactor. Biology Laboratory 

Universityof Notre Dame 


J Notre DaMIL USA 

V rrcInerest 


Lidoptera 

esrapyilg
 

Sonaoraphsmloo 

Medical entomology 


---------------. 


M u G 

Population Biology 

Genetic Control
 

Phytorcdysones 


€cntolGeeMosquitoes 

Malaria transmission 


Population structure 

of A. gambiae 

Cytogenetics 

Genetic control 

through tranlocationso
 

Sensory physiology 


MoqiosVisit 

Bomi and control 


GeeisVisit 

GeeisLaboratory
 

Genetics of vectorial 

capacity 


Purpose

Of Visit
 

Collecting
 

Training
 

Principal
 
Investigator
 

Collecting
 
Plant material
 

Visit of
 
Laboratory and
 
field sites
 

Visit of
 
Laboratory
 

Visit of
 
Laborator
 

Visit of
 
Laboratory
 

of
 
Laboratory and
 
field sites
 

of
 

Instruction of
 
ancillary staff
 

Reptile malaria
 
Transmission
 
by A.aesivpti? 



Visito t iR of visit 

ifo:;Ua d 

Prof. J.W.S. Pringle 
iCJ.P. Deputy. Director 
Naobi Kenya ii... 

Electrophysology 
of Science 

if if' 

Inspection 
Laboratory 
Facilitou e 

of 

_____ 

i. :42-- aAnnexya1: .' 

Prof, K.S. Rae. 
Department of Biology 
University, of Notre Dame 
Notreo Dame, USA 

Lpdotra 

Cytogentics 
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Report Ln , villag. mosquito population 

By Paul McDonald 

Inan eirlier attempt to determine the absolute population stag of

Aedes acrvotl inan Isolated village, a series of markings of landing-.biting
 

the pasults of these mark-relerwo-recaptures were analysed itwas found

that the Lincoln index estimates of population sixe were rather variable,
ranging from 358 on one d- to 1838 on the next da (table
 

The Lincoln Index estimation of population sixe to dependent upon

the recapture of marked mosquitoes. The recapture of mosquitoes inthe
 
population Isdependent on the pattern of return of the mosquitoes, and
 
this aay be sex and age dependent. If a certain seox and ago tends to
 
return more often than another, then the population which has a higher

percentage of that sex and age will appear to have a smaller population

sixe.
 

The purpose of this second marking experiment was to mark all newly

emerged mosquitoes inthe village for several weeks until arriving at a
 
point whore almost 100 percent of the adult population was marked. At
 
that time itwould be possible, by remarking each Individual upon recapture$
 
to determine patterns of return with respect to sox and age. Itwould
 
also be possible tn see the age distribution of the village population
 
over several weeks.
 

Another purpose of the experiment was the construction of adult

survivorshipcurves for males and females. With such, information itwould
 
be possibleto determine the portion and life expectancy of fertile females
 
that would be expected to be remaining Inthe population after release.
 
of sterile males,
 

Tho relationship between newly emerged adults and landing-biting­
captured adults over time could be estimated with the marking experiment
 
on the basis of the village as a whole, The relationship between emergence

and landing-biting-capture could be charted for each of the several houses
 
as well.
 

Materials and M(ethods
 

Tho village of .gandin, located in he western region of the BUn
 
fie'ld stud area, isan isolmted village under coconut palms, set of f from
 
Its nearest neighbor by approximately one hfsl slsio and
mile of grasse 

cassava in a very sparse cover of coconut palms. The villae has a collec­
tion of 34 huts settld around cattle and loat puns. The Initial survey


'
of this village, made inJuly 1972, Showed-0 water containers of which 46
 
had water and 32 had mosquitoes. Twienty houses were on he basis
hlcted 

of pro uctivity and location so that an oven
distribution of productive
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houses in the village was obtained.
 

The experiment was begun on 12 October and termnated on 29 November.
 
This was a period of intermittent light rainfall, moderate to high tempera­
tures and good breezes. Pupae were picked on a daily basis from 12 October
 
to 22 October and thereafter every other day. The pupae were taken from the
 
twenty houses selected, and after 24 October from all the other houses in
 
the village as well, although the other houses were relatively non-produc­
tive. Pupae from the 20 selected houses were kept in 20 cups, each marked
 
with the house of origin and number of pupae collected.
 

*Newly-emerged adult mosquitoes wore counted and then painted
_with the
 
date of p'i-Antnin _PafinEi-ng- was -done-on -every"o-ther day wi-th 'HIMBERO0-L spray
paint applied in a small dot to the mesonotum, This technique has been
 
described by Dr. Hausermann in the MBU Annual Research Report. All mosqui­
toes of one day's painting were given the same color on the same side of the
 
meonotum. The newly-emerged mosquitoes of two days later were painted
 
with the same color but on the other side of the mesonotum. With twelve
 
different colors mosquitoes were marked for 23 different days. After paint­
ing, mosquitoes were to be released in the same house from which they had
 
been taken as pupae. The few mosquitoes taken as pupae from houses not
 
selected for the experiment were killed.
 

Landing-biting (L-B) catches were organized so that two workers, each
 
collecting 20 minutes in each of the 20 houses, could manage the collecting
 
of mosquitoes as well as the releases at the end of the day. L-B catches
 
were made every uther day, on the same days that pupae were picked and newly­
emerged adults marked. The mosquitoes from the L-B catches were examined
 
for presence of marking; only those previously painted wore painted again
 
with the date of capture. All mosquitoes (1. unmarked from the L-B catch,
 
2. marked from the L-B catch and 3. newly-emerged marked) were released into
 
the houses from which they came, and this was done only after all L-B catches
 
of the day had been completed. Any mosquitoes dying during treatment were
 
not counted as released for that day.
 

Results
 

Attempts to saturate village with marked mosquitoes
 

One major objective of this marking experiment was the saturation of
 
the village population with marked mosquitoes, each marked with its date of
 
emergence. Satui.tion did not occur. Table 2 shown a maximum of 36 percent
 
marked in L-8 catchoes at the termination of the experiment.
 

For the first few days, from 14 to 24 October, no collections were
 
made in the houses not included in the 20 selected for surveillance., After
 
that time pupae from these other houses were removed and killed. Even if
 
24 October is considered as the starting time for the saturation effect to
 
begin, the saturation had not been achieved after 30 days time, which turned
 
out to be the maximum lifetime for a mosquito in this study.
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Soon after thce experiment began daily collection of pupae had to be
 
abandoned in favor of collection every other day. According to data collected
 
in the first few days of the experiment less than 25 percent of pupae col­
lected on one day will emerge on the next day. This could account for a
 
greater than 25 percent unmarked L-B catch if these have greater survival
 
than the marked.
 

Collection of pupae is dependent upon the efficiency of the field
 
assistant, and this efficiency may be reduced when the water in the con­
tainers is murky.
 

It is possible that migration from either outdoor habitats near the
---village-or--from.1dis ant .vil lages had- occurred to -some extent, -thereby...... ....- --­

bringing into the L-B catches considerable numbers of unmarked adults.
 

SurvivorshLp
 

Survivorship between release date and the next L-B catch two days
 
later has been calculated for males released from 14 October to 19 Novem­
ber and females released between 14 October and 5 November. Accurate sur­
vival figures could be determnined for only 19 groups of males and twelve
 
groups of females, as will be shown in the next sections. Calculations of
 
survival to two day, efter release are 139/676 or 21 percent for males and
 
119/456 or 25 percent for females. The possible explanations for this very
 
low survival are 1) the marking treatment resulted in 67 percent mortality
 
within two days or 2) early migration out of the study area occurred. The
 
possibility of migration of newly emerged mosquitoes out of the study area
 
is reinforced by the finding of a large discrepancy between total captures

and marked capturcs in the L-B catches, suggesting that outsiders may be
 
migrating in,
 

Survivorship curves for males have been made first with 15 groups of
 
male releasee, ,uc' that each group has the possibility of including all
 
survivors up to the age cf the oldest known male survivor. 
This curve is in
 
figure I-A wit.i thr furvivorship on day two after release set to 100 percent.
 
By assuming that the lees-than-five percent survivors to the last four ages

affect the curve only slightly, then 19 groups of male survivors can be
 
graphed. This gives an essentially identical curve (figure 1-B) to that of
 
15 groups. Both curves match a survivorship of 60 percent per two-day
 
interval over the time span covered.
 

Survivorship curves have been made for females, first with nine groups

and then with twelve groups, assuming that the less-than-five percent sur­
vivors to the last three ages affect the curve only slightly (figure 2-A
 
and 2-B). Both curvoa match a survivorship of 80 percent per two-day inter­
vaf over the time span covered.
 

0 
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Surv'ivorshlp and landing-biting catches
 

When the 15 groups of males were analyzed with regard to known sur­
vivors of an age compared with number of those known survivors caught in a
 
L-B catch at that age, the graph of figure 3 resulted. This indicates that
 
approximately 50 (47 on the average) percent of known survivors of each age
 
were captured in L-B catches under the conditions of this experiment.
 

When nine groups of females were analyzed with regard to known sur­
vivors of an age compared with number of those known survivors caught in
 
aL-Bcatch.at that-age,_ the graph.of ffigure -4--resul ted. --- ..
This indicates that 

approximately 35 (34 on the average) percent of known survivors of each age
 
were captured in L-B catches under the conditions of the experiment. There
 
does appear to be a higher percent captured on day two followed by lower
 
percentages on clays four and six, suggestive of the effect of taking a blood
 
meal on day two after release.
 

The close correspondence of survivorship curves, which require indivi­
dual marking - at present practiced only with painting - and L-B catch curves 
which require group marking only - practical with dusts - suggests that in 
the future survivorship curves can be approximated, especially for genetic
 
release males, without resort to more laborious marking methods.
 

Pattern of return in landing-biting catches
 

Groups of relcased mates were analyzed with regard to their age at 
time 9f L-B catch and their probability of return in the next L-B catch. 
This information is given in table 3. Since the probability of survival for 
males is the same regardless of age, the figures represent behavioral char­
acteristics. The overall return is nine percent (based on 15 groups); that 
for young males two and four days after release is ten percent (based on 20 
groups). It appears that return of males is independent of age. The estima­
tion of probability of return is based on 14 returnees. 

Groups of femaies were analyzed with regard to their age at time of
 
the L-B catch and their probability of return at the next L-B catch. The
 
information is given in table 4. With a constant survival factor for females,
 
the figures represent behavioral characteristics. The overall return is
 
eight percent (based on nine groups) while females two days after release
 
show a 19 percent return (based on 19 groups); four to ten days after release,
 
ton percent return (based on 19 groups). Very young females have a markedly
 
increased probability of return compared with older females. 

It is interesting to note that even when the number of female returnees 
is eleven (nine groups) the ratio between percent young females returned to
 
percent older females retrned is 2 to I which approximates the ratio of 1.9
 
to I based on 27 returnees (19 groups).
 

The probability of return on the average is only slightly different
 
for males (nine percent) and femalen (eight percent). Male probability of
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return is ind 
,endent of age. However, young females have a probability of
 
.return more thdn twice as great as that of females in general.
 

Age distribution
 

The average of the age distribution of known survivors over several'
 
days would be expected to reveal a curve of age distribution which reflected
 
the survivorship curve for each sex. Such age distributions have been cal­
culated as far as possible. Averages of three successive catches, four suc­
cessive catches and five successive catches for males 
as well as for females 
a~ ie in tale and 6. These tables ,clearly-.show . theyariability. of 
average age distributions. The variability is due to the particular patterns

of emergence of adults into the population. With more catches included in
 
the average the female age distribution averages come more quickly into or­
der than those for males, reflecting 1) the greater longevity of the females
 
compared with the males and 2) 
a different pattern of emergences. With nine
 
or ten catches averaged the age distribution curves come to closely resemble
 
the survivorship curves (figure 5 and 6).
 

In general it seems that more stable age distribution averages are
 
obtained if the first day considered is one period (twp days) after the
 
emergence of many mosquitoes preceded by a few periods of low adult produc­
tion and followed by two low production periods. Such a day was 3 November
 

*and the period November 3 though November 7 including three catches gave
 
age distributions of both males and females that were reflective of stable
 
age distribution.
 

The'Lincoln Index could best be done with three markings and four
 
catches. Marking is to be done on the catch following a peak of emergence

and for two subsequent catches. Recaptures should be made two days after
 
each marking, all during a lull of adult emergence. This would insure that
 
the female age distribution was normal and generally 36 percent of those
 
females would have a high probability of return while 64 would have a lower
 
probability of return.
 

Population dynamics
 

The fluctuations in total L-B catch and marked L-B catch, after 24
 
October (when the collection of all pupae in the village was begun on a
 
regular basis) have been determined and are displayed in figure 7. These
 
fluctuations are generally but not precisely responsive to fluctuations in
 
the numbers of pupae. 
 The fact that the L-B catch is rather constant may

be a reflection of a relatively stable population size brought on by the
 
selection out of most pupae and their subsequent dehabilitation as newly­
emerged adults by the marking treatment, possibly resulting in the loss of
 
up to 67 percent of the males and females within two days. Those pupae

emerging from the water containers in the houses, together with immigrants

would then furnish the 64 percent or more of the population which would
 
give shqpe to the L-B catch fluctuation.
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The fluctuations for both male and female numbers of released and
 
captured mosquitoes can be calculated for the marked subpopulation of Mgandini
 
alone. Figure 8 compares 1) the number of those released on a date that
 
are captured at some time later, with 2) the number of known survivors on a
 
date, and 3) the number of marked in the L-B catch. For males It is apparent
 
that after 18 October the number of known survivors reflected the previous
 
released by an interval of a two-day period. Furthermore the L-B catches of
 
the males reflected quite closely the known survivors.- For females from
 
24 October the number of known survivors reflects the releases by an inter­
val of two two-day periods. However, the female L-B catch does not reflect
 
the known survivors closely.
 

-..The total -capture to survivor figure from-I6_October.to.9._November.is 
241 to 657 or 37 percent. The male catches average 52 percent of male sur­
vivors while the female catches average 30 percent of female survivors. 
These figures are comparable for values obtained with several release groups 
analyzed over their lifetimes, giving 47 percent for males and 34 percent 
for females (figures 3 and 4),. 

The attempt to estimate population size by using two methods is
 
illustrated in figure 9. By the first method the number of males in the
 
L-B catch is multiplied bytwo and the number of females is multiplied by
 
3. 	In the second method the number of males plus females is multiplied by
 
2.7 (100 percent/37 percent). Both estimates are compared with the known
 
survivors curve for both sexes together. The two merhods are very little
 
different in results. An accurate catch by catch estimation cannot be made 0
 
in either case.
 

The number of newly-emerged adults marked and the number of marked
 
adults taken in L-B catches has been determined from data of the 20 houses
 
used in this study. The relationship has been plotted in figure 10. Generally
 
the adults are distributed in the same way as the pupae; however, there is
 
the possibility that a house with high pupal production and adult emergence
 
may give few adults in the L-B catch (No. 2) and-a house with low breeding
 
will give many adults in the L-B catch (No. 6). Overall, 25 percent of the
 
L-B catch were marked, but this was not true for each house. Some houses
 
gave considerably lower percentages of marked mosquitoes, suggesting that
 
these houses may have been difficult for pupae picking or especially attrac­
tive to immigrants.
 

Conclusions
 

I. 	At most 36 percent of captured mosquitoes in L-B catches were
 
marked, after the marking of.all newly emerged adults collected
 
as pupae in the village of Mgandini for six weeks.
 

2. 	 The survivorship of males is 60 percent for a two day interval 
from two days after release, Survivorship for females is 80
 
percent for a two day interval from two days after release, If
 
natural survivorship for the two days after release (emergence) is
 
also 60 percent for males and 80 percent for females, then 67
 
percent mortality was caused to both sexes by the marking treatment.
 

....
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3. 	Landing-biting catches of marked mosquitoes closely resemble
 
survivorship :urves, especiaLly for males. This suggests that 
group marking may be successful in determining survivorship curves. 

4. 	 The probability of return in a subsequent: L-B catch was nine per­
cent for males and eight percent for females. Return probability 
is independent of age for males but young females have greater than 
twice the probability of return compared with older females. 

5. 	 Stable age distribution occurs over three consecutive catches if 
the catching begins two days after a peak emergence preceded by a 
lull and followed by a lull. This would be the best time to do 
a Lincoln Index. 

6. 	 An estimation of the number of marked survivors of the age of 
two days after release (emergence) and older can be determined by 
multiplying the number of marked captures by 2.7 under the sam­
pling regine of this Lxper ment. 

1. 	The distribution of marked adu~l,I caught in L-B catches generally 
corresponds to the distribution of newly-emerged adults released 
in this village. 



---
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Table 1
 

Lincoln Index values for Kwa Hamis Mtoro
 

Date Interval between catches
 

one day two days
 

19 July 605 

20 590 679
 

21 430 1008
 

22 358 629
 
23 1838 1126
 
24 --- 1047
 

Table 2
 

Date Percent L-B catch marked
 

14 October 0
 
16 9
 
18 22
 
20 20
 

22 31 
24 17 

3026 
28 20
 

25
30 
1 November 29 
3 29 
5 
 34
 

1.8
7 

19
9 


Ii 35
 

13 
 25
 

29
 
17 

15 


21
 
19 30
 

1821 

23 35 
?0
25 


27 
 27
 
36
29 
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Table 3
 

Age of male Probability of return in
 
next L-B catch
 

(days after
 
first released) 1.5 groups 20 groups
 

2 5/38 (9%) 7/74 (9%)
 
4 5/37 (14%) 5/44 (11%)
 
6 1/17 (6%) 1/23 (4%) 
8 1/9 (10%) 1/9 (10%)
 

10 0/7 (0%)
 
12 0/1 (0%)
 
14 0/1 (0%)
 
16 0/3 (0%)
 

18 0/1 (0%)
 

Table 4
 

Age of female Probability of return in
 

next L-B catch
 

(days after
 

first released) 9 groups 19 groups
 

2 5/37 (14%) 15/78 (19%) 
4 0/17 (0%) 3/42 (7%) 
6 1/15 (7%) 2/33 (6%) 
8 2/15 (13%) 4/22 (18%) 

10 1/12 (8%) 3/28 (11%)
 
12 0/7 (0%)
 
14 0/8 (0%)
 
16 1/6 (16%)
 

18 1/5 (20%)
 
20 0/2 (0%)
 
22 0/1 (0%)
 
24 0/2 (0%)
 

26 0/2 (0%) 
28 0/0 (0%)
 
30 0/ (0%)
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Fig 5: Males Fig.6: Females 
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Fig. 7 
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F 
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F 
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ON CAPTURE OF MARKED AEDES 

RELEASE RELEASE CAPTURE 
SITE TOTAL TOTAL 

House 999 255 


House 965 209 


Forest 457 72 

Forest 545 61 


Forest 1,349 36 


Forest 503 5 


AEGYPTI, 


CAPTURE 

PERCENT 


25.5 


21.7 


15.8 

11.2 


2.7 


0.99 


CHANG'OMIBE LOCATION. 

GREiTEST ELAPSED 
DISTANCE SITE DAYS 

96 m Forest 2
 

176 7 Forest I
 

196 m House 8
 
196 m House 5
 

97 m House 4
 

None taken in houses
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INTRODUCTION
 

From a conversation with Professor Craig, I learned that Dr. P. 

Rodriguez of the Vector Biology Laboratory, University of Notre Dame, 
morehas recently demonstrated that Aedes Aegypti formosus strains arc. 

susceptible .to infection with Brugia pahangi than the:type form Aedes 

aegypti aegypti. 

short project was therefore undertaken to study the susceptibility of 

Aedes aegypti to W, bancrofit, emphasis being placed on comparisons of the 

type form strains with the feral strains.
 

MATERIALS AND METHODS 

The strains of Aedes aegypti mosquitoes used are shown in Table I. 
They were all obtained from colonies maintained by the Mosquito Biology 
Unit of the International Centre of Insect Physiology and Ecology, at 
Mombasa, Kenya. The mosquitoes were reared in an insectary maintained 
at a tropical ambient temperature of about 25'C and about 707. relative 
humidity. 

When approximately five days old, the adult female mosquitoes were 

deprived of sugar and water for a period of about 14 hours, then they 

were fed between 21 and 23 hours (local time) on the arm of a man 

naturally infected with periodic W. bancrofti. The enclosed photograph
 

shows Mr. Jefa Wawara of Garashi Location, Malindi District who kindly
 
Mr. Waware did not have a previously recorded
supplied the microfilariae. 


history of treatment for filariasis. All mosquito feeding proceeded
 

inside a laboratory room, just adjacent to the insectary.
 

Before the mosquito feeding began, a temporary wet blood film was
 

made by pricking the tip of a finger and examining the blood for
 

At the same time, thick blood films were made for future
microfilariae. 

These thick films were later stained with Weigert's Homa­references. 


toxylin in the Department of Parasitology and Medical Entomology Labor­

atory, Faculty of Medicine, University of Dar-os-Salaam. (It was not
 

necessary to stain the thick smears at Mombasa since in this part of the
 

world live W. bancrofti microfilariae are easily recognized on site).
 

No attempt was made at determining the microfilarial densities, this can
 

be estimated from the accompanying stained blood films.
 

the donor's arm, which
The mosquitoes were allowed to engorge on 

In all the three
 was introduced through the sleeve of a 'gallon' cage. 


feedings, the two strains being compared were engorged within thirty
 

minutes, (two attempts at feeding Culax pipions fatigana which we 

previously collected as immatures from tyros with residual rain water,
 

completely failed after exposing an arm for at least 30 minutes on each
 

occasion).
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Because of unforeseen timing difficulties the infected mosquitoes

were held on sugar and water for 18 to 22 days (instead of 9 to 11 days)

inside the insectary, after which the surviving ones were dissected, the
 
abdomens examined immediately and the thoraxes and heads fixed in 85%
 
alcohol, then shipped to Dar-es-Salaam. In the Dar-es-Salaam laboratory,

the fixed mosquitoes were brought down to water, then stained for 24 hours
 
in Mater's Acid Hemalum, after which they were washed in tapewater to
 
"blue" the stain, and then stored in glycerol for subsequent dissections
 
(Shute and Maryon, 1966).
 

RESULTS
 

Three of the enclosed microscopic slides show W. bancrofti micro­
filariae on the three days of mosquito feeding. On these occasions, an
 
average thick drop would contain more than 50 microfilariae.
 

Two of the enclosed microscopic slides show infective larvae of
 
W. bancrofti.
 

Table II shows the susceptibility of four strains of Aedes aegypti

to W. bancrofti. Two of the strains (Ganga and Tree-Hole) did not show
 
any larvae. 
 The Ganga strain did not show any larvae in two separate

infection attempts. Howevwr, two other strains (Mkwaja and Mnazi)

developed infective larvae. These infective larvae were found mainly

in the head, although a few were still in the thoraxes. From abdomen
 
examinations of all these mosquitoes, Dr. Ilausermann recorded two
 
infective larvae from the haemocoel of one Mnazi female.
 

Each infected mosquito had one to four infective larvae, the majority
 
having two.
 

Neither first nor second ­ stage larvae were observed in any of the
 
mosquitoes.
 

DISCUSSION
 

Two of the strains showed no filariae at all. One of these strains
 
(Genga) was Aedes aegypti var. _queenslandensis, the other (Tree-Hole) was
 
Aedes aegypti formosos. Therefore suscaptibility like refractoriness
 
is not restricted to one subspecies.
 

Nelson et al. (1962) site workers in West Africa, the Congo and in
 
the U.S.A. who succeeded in infecting Aedes aegypti with periodic W.

bancrofti. However, Nelson found no natural 
infections cf W. bancrofti
 
in Aedes aegypti in Kenya; he also failed to 
infect Aedes ae.ypti with
 
W. bancrofti in the laboratory. Those apparently contradictory results 
are not surprising since different mosquito populations differ in their 
vectorial capacity (Ramachandran et al. 1960; Kilana, in press). The
 
dichotemous results presented In thiI.s 
report therefore confirm the view 
that different mosquito populations differ in their vectorial capabilities.
As Kilama and Craig (1969) -;aid, " the occurrence of simple monofactorial 
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those medical
factors controlling vectorial capacity should give pause to 


entomologists who, on the bas'is of a few transmission experiments with
 

insects from a single laboratory colony, quickly decide that a given
 

is not a potential vector of a given pathogen." It is
species is or 

very likely that the observed differences in the susceptibility of Aedes
 

aegypti strains to W. bancrofti are not due to environmental factors,
 

but are genetic.
 

rather low (most
The numbers of infective larvae per mosquito was 

As Rama­positive mosquitoes showed only about two infective larvae). 


chandran et al. (1960) observed, "the optimum time for dissection was
 

about the-9th-- l1th days, for after that time there was a loss of larvae
 

from mosquitoes the mortality of which also increased."
 

Moreover, Ramachandran (1966) also observed that "if infected
 

mosquitoes are maintained after the larvae in them reach maturity a
 

loss is likely to occur by the escape of infective larvae from the
 

proboscis of the mosquitoes during the act of feeding on substances
 

like apple, milk, sugar, water and raisins." Unfortunately in my experi­

were held for 18 to 22 days. If Ranmachandran's
ments, the mosquitoes 
observations on Brugia malayi in Aedes aegypi also apply here, then
 

num­larvae might have been lost and many mosquitoes may have died. The 

ber of my recorded infective larvae is most probably short of the actual 

numbers, and also the percentage of infective mosquitoes may have decreased. 

could not find any infective larvae B. malayi, 18Ramachandran (1966) 

Because of this time limitation
days after an infectious blood meal. 


may be it is not proper to compare my results with those of previous
 

workers.
 

MacDonald (1962a and 1962b) observed that 17.1 per cent of parental
 

showed mature larvae of semi-periodic B. malayi.
generation Aedes aegypj 

In the same experiments he found an average of four infective larvae 

per
 

are therefore in line with Macdonald's.
infected mosquito. My results 


studied the infectivity of W. bancrofti toJordan and Goatly (1962) 
In their extensive experiments, the


Culex fatigans in coastal Tanzania. 

infection rate of mosquitoes 14'. days after an infectious blood meal
 

When their results are compared with
ranged betw.en 52 and 100 per cent. 

the obvious is C.cx fatigans is much more susceptiblemine, conclusion the 

Aedes aegypti strains I tested. Howeverto W. bancrofti than any of the 

the mean number of infective larvae per surviving (Xo. fatigans compares
 

faviourably with that of my infected Aedes, aeipt. However because 
fatigans and the overwhelmingof the greater proportion of infected C.o. 


(still. increasing) numbers of C.o. fatigan, in urban East Africa, it is
 

most probably that C.o. fatigans is a much more effective vector of urban
 
AnlL~hEf
W. bancrofti than ifs Aedes aegypt i. In ost rural East Africa, 


gambine complex arid An. fune:;tu!; are the major vectors. Since those two
 
t: Ible f-o expe r i mental I In fec t ions

Anopheles speci-es are also more oiscep 


than I have just shownq for Aede, : aigyptI ., * thwn we may regard tihose Ano­

phe les sp. to be more etficient vector'; thian Aede gy;pI. 

feeder It would not Ie an efficieltSince Aedes aegypti I; a diurnal 

vector of nocturnal W. banerofti. 1loweve r, W. bacrofti perodi city In
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in some parts of East Africa isp relative, and E. Nnochiri (personal comn­
munication) maintqins that it is subperiodic in certain areas of Uganda.

Under such circumstances diurnal Adsaegvpti, that isrelatively sus­

*ceptible, would enhance opportunity of W. bancrofti transmission.
 

Epidemiologic investigations on W. bancrofti in East Africa (e.g.

Nelson et al, 1962, Menu and Kilama 1972) have consistently shown higher

infection rates and higher microfilarial densities inmen than inwomen,
 
There is not yet a fully plausible explanations for this observation;
 
among the suggestions made is that hormones may influence the level of
 
filaremia. However, if feral mosquitoes are proved be
to efficie nt
 
vectors, then this might account for the differences in exposure to
 

inecio 'forest', women
aon--n-zi woimen. ~4i i.men work-in the 

stay at home; thus in addition to home acquired nocturnal infections,
 
men would also acquire infections from diurnal biting exophagicAedes
 
aegyp ti. 
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SUMH(ARY 

The susceptibility of four strains of Aae aogypti to W. bancrofti
 
was studied.
 

Preliminary results indicate that susceptibility /refractorinass is/are

not restricted to aqy one subspecies of Aades aegypti.
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TABLE I. THE STRAINS OF A. AEGYPTI USED FOR INFECTION WITH W. BANCROFTI 

N A M E SUBSPECIES, STRAIN HISTORY AND COLLECTION SITE
VARIETY, OR TYPE 

Eggs collected with dirt sa-ples from steps

NIAZI FORMOSUS in coconut palms (i'fhazi) in Rabai Location,
 

August - November, 1971. 

Eggs collected with dirt samples from tree
 
TREE-HOLE FORMOSUS 
 hole in rango tree at Mazeras, Rabai Loca­

tion (30 56'S, 390 34'E), August 1971.
 

Adults caught in an indoor landing biting
 
GANCa- QUEENSLANDENSIS catch in various houses at Ganga, Rabai
 

Location (3' 57' 1O"S, 39' 33' 40"E),
 
October 1971.
 

Larvae collected from rain water drums at
 
MKWAJA TYPE FORM 	 Mkwaja Village (Tanzania Coast) in back­

yards of several houses (50 47' 30"S, 380 
51' 05"E) April 1971. 



TABLE 2. THE SUSCEPTIBILITY OF FOUR STRAINS OF AE. AEGYPTI TO W. BANCROFTI 

TIME 

OF 

(H R S ) 

EXPT. 

D A Y S B E F O R E 

DISSECTION 

M O Q I O S R A Nt0 DI S C 

I 

.c. 7 -. 

CII 

'IT" .: 

LARVAE: 

?L ' - , -"',N .-

21:30 - 21:40 22 GNGA 92 0 9 

21:20 - 21:30 18 TRE HOLE: 85 0 

21:30 ­ 21:40 22 1WAJA* 117 15 102 

22:00 - 21:10 19 MiAZI* - 41 4 

22:10 - 22:15 19 CkGNGA** 127 0 127 

* FED JUNE 22ND, 1972 

** FED JUNE 23RD, 1972 
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B. 	FIELD STUDIES IN UCAINDA
 
The aim of this six~ day trip (from 23 August to 28 August 1972) was
 

to study the distribution of Ae.,aogypti in domestic, peridomestic and feral
 
biotopes and to collect live mosquitoes for further studies in the labora­
tory.
 

fBunono automobile scrap-heal) located on Entebbe pennisula was the
 
only place v.here Ae. aogypti w~as obrerved biting man in Uganda (M~cClelland,
 
1959). However, in the total catch of more than 9,000 specimens of various
 
mosquito species Ae. aegypti repr6sented only 2.5%. To our knowledge,
 

r
there is no other reference on man biting population of A . aegypti from
 
Uganda. Apparently e. aogypti in liganda has a differen7"biting behavior
from -- hat - ound -in- an zania -(Lumden ,1951q'p ~ r:a1i17)adKna­--- -" r is-tal,-1971)-,and Kenya---­
(Teesdale, 1955). a. aegyti broidn in Tanzania predominantly in peri­
domestic and domestic habitats but. outdoors. Little breding can be found
 
either in forests or indoors (Trpis, 1970). On the Kenya Coast, Ae.
 
aegypti breeds at least in some arens equally domestic, peridomestic and
 
forest sites (Teesdalo, 1955, Ilusermann, 1972, Fanara, 1972).
 

1. 	Entebbe
 
I arrived at Entebbe on 23 August as a guest of the Director of the
 
East African Virus Research Institute, Dr, 0. W, Kafuko to whom I
 
express much gratitude for irrangement of my trip to Bwamba, Masaka,
 
Lyatonde, Mbarara and vicinity of Entebbe. I am also thankful to
 
Dr. L.G. Mukwayn, Mr. S.D.K. Sempala and Hr, Y. Ssenkubuge for their
 
wonderful company, help at the field work and discussions on various
 
aspects of ecology of Stcgomyta and Toxorhynchites mosquitoes in
 
Uganda.
 

First two days (23-24 August) I spent at the East African Virus
 
Research InstLute at Entobbe and made two short trips, first to Zika
 
Forest and secondly to Perzbn Forest, Kampala and lUwayiso.
 

a. 	Zika Forest is part of the extensive lake-shore forest about
 
10 km from Entebta. Many forest mosquito species occur
 
in Zika Forest. Perhaps the moot abundant is A. (St.)
 
africanus known on a vector of yellow fover and Zika virus
 
among monkeys. Thu less known Zika virus shares the same
 
serological group as YF virus as well as the same host­
vector system (forot monkoyn., Acdio africanus). The
 
scientists of the rAVRt have isolated this virus more than 
3U times In Vatebbo area. They believe that the itmunity 
to Zika virus appears to reduco the level of viremia against 
VF in monkeys. 'llie combine fmmnnity to several of the 
group H viruses wty produce iummit.Lty against YF,. 

b. 	 MpoinM rorat I.. located about 40 km from Kampala on 
Havnka road about 16 h- North of Lake Victoria. Forest 
.eserve of 450 ioctaren io in altitude 1,160 m. Wlxton­
sivo studios on acolopy of forest mosquitoos wore done 
here by CAV$'1, lrs. 11addow, Gillett, Corhet and others in 

the 	late ftrias, ft ls permanently flooded in lower parts 
having a character of switnq). to forest is thick inboth 
sw4Mp And RlOPAM (Fig. 2). 



Wecletdm.smsn fro Dracauna a+n~d +banana;n ++ 
...... : axi.at the edge of tile forest, +A seoeltower with se~veral :/ -++ 

; +:+['J1:; ++mjplatf catching mosquiltoos ltle .. ++" r fr 	 above forent: canopy 

!/ 	 tibrbn area of Kompnla cit~y waassearched for breeding iof : 

collected rom a steoel'box (100 x 60 x+,120 cm) an live larvau'
snmpled fo ftrth rring nd anlysts, COul pipe 
.... a--wasftian -more-abund ant-.-thnAO~ 

isa l oc a l it y 	 m. + • d. Bwayise, :Located at Kapala 	 where tile population 
/ + ~~of Ae0. slimponi is z~oophil.1r. .There is extennive breeding of
 

i ' iipon+n plint :axil, (Fig. 4). Wo have collect~ed
Ae. colocasia 

i mainy larvae from axils (Pig. 5) ; however, iuo eggs were received
 

from the fcanlos, which oro srrictly ourygnmous (Mukwaya, 1971),
 
2. 	 Trip .to Fort Portill, ,wa, Mbarara, Lyatonda and Masaka. 

After two days work in Entcbo area a round-trip of t~hree days
 
(from 25 to 27 August) was made through tile SW part of Uganda. I
 
was accompnied on this Lrip by Or, L.G. Mukwya, Mr. Y. Ssonkubuge
 

++and a driver. The service of laboratory technition, driver and VW-

Combi vuhicte wan provided bjy the-EAVRI.
 

Survey Methuods 
+The-short timo available did not allow us t~o mak(- dut~ailod survey. 

In various physioglraphicai, areas +the nntturc of the problem dictateod 
survey predominantly in villages. Search for brooding of Ae. eyt 

larvae+was done in villagon nrotind husman habitations, in plant: axtls, 
• trooholos and insid, lhouns In contai~ners with drinking water such as 
S water pots, bucktirn, moral drumis etc. From all places whereobreeding • 

of*i,A 4ajy-tJj was found n onnmphu of live larvae was collect~ed :for i 
' + lanboratory colonination and +further st~udies. L 

a. 	 Fort Portnal, The trip from rnobbe to Fort Port~al on 25 
ituguat Intdfor B hours on not n go rondo. Sea rch'ut 
4 1-r LOS noyp wan made In anid around Fort Portl.l No .. 
breeding or Aq, 9e2Dyptl was found: in this area. Av. simpsonilarvae woe lec from colonain xrtl 	 n,'ol d f in Nya-slan 
Vila ge which In loeated close to foothlls ofthe Ruwnzori. 
Mountains. No broding of A. simps n s found onslopes 
of uth4uwnorl ountain". AbotR.5 nheclare ptinapplo 
plntation locatedreopeuon of the Ruwenzobii, ounun was r 

soarched foranmquit pirv on 26 Augus. Thoro wasiwater 
in axlt but 1o a trvel ( 00vtionof 1,50Om)l 

b. 	 wm.l.ikeIn.i and twambal a. Th vegletaton on N slopesi 
of ithu lliweonrl Miio, nttis thiek, Lmpoesible rar n to
Spa,throug. flo ond whlto (Co polyka1os)wich colobu usMu .
 

wfmonkeys ar in this "aroa. r ama im i Areo Inaoabunda t 	 ront a 

..a. 	.co a ed ...on tIgtip,by... ... w.n.t. Rusvtikoug 

http:z~oophil.1r


:Mountains and the Semliki River, Yellow fever virus was 

isolated from a human case and from Ae. simpsoni in early 
forties. fladdow (1945) claimed that Ac. gjis non­
anthropophilic in this area. However, it is not known whether 
or not Ae. aegypti is zoophilic here. It might be autogenous 
as well, 

We have collected Ao. aogvgti larvae from variot manmade 

containers such as sink-water traps, motor tires, lorles etc. 

(Fig. 6) in Bundibugyo Village located at the foothills of the 

Ruwenzori Mountains (Fig. 7). We collected also many larvae of 

Ac. simpsoni from colocasia axils in Bundibugyo Village. Haddow, 

Gillett and Mukwaya claim that this population is an0hropophilic.
:A.-af ricanus,-Ac -agntom aesadqOoh~cto~beia1 :i:
: .-­

pis 	larvae were abundant In paw-paw treeholes in Scmpaya Village.
 

On our return trip from Bwamba we stopped for overnight at
 

Queen Elizabeth National Park on 26 August and continued in our
 

trip to Mbarara the next day.
 

c. 	Mbararn, Ankole District. A survey for larvae of Ac. aegypti was 

done i.n Bliharve Village in distance 15 km NE of Mbarara. We have 

found Ae, aogypti larvae in discarded tires located under roof ol
 

a house (F'ig. 8). A sample of live larvae was taken for coloni­

zation and further investigation. This locality Is in elevation 

of 1,500 m. 

Further survey for breeding of A(-. ngypti was done on several 

places between Jliharvo and Lyatonde, which is the last village of 

the Ankole District. 

d. 	Lvatonde. An uxtenifve survey for outdoor and indoor breeding of 

an. aegyptl in Lyatonde village yielded many larvae from metal 
drums, clay wator-pots and tires located at human dwellings outdoors. 
No larvae wore collected front indoors, Banana plantations and corn
 

fields are conmon in the village. They have patchy distribution,
 

mostly in depressions between hills. The vegatation of the hills
 

ropresents scattered treei and bushes (Fig. 9). Several samples
 

of live A. a0gypti larvae were collected for laboratory rearing.
 

e. 	Masakn, Ma1saka District. Masaka was the last locality where we
 

made survey for indoor and outcdoor breeding of Aq. acgypti in 

Uganda. We checked several houses in a suburban area of Masaka 

city. We found larvau in a metal drum placed under roofs to 
collect rain water for domestic use. A sample of live larvae 

was 	collected for colonization.
 

3. Laboratory Iindtnas
 
Larvae of Ae, t from five diffvren local.Iias, Kampala,
 

Bundibugyo, Mbarara, Lyatonde and Mnaekn we-ru AuccU-,4fully shil)ped
 

to tho Mosquit:o Biology Uit nt Mombasa and reared to adult ntage.
 

Fenmnaln wore fod on man and mceo to got egg, 1.'.ga wore shipped to
 

the 	Vector Biology Laboratory, UND. 1tearlng Into tuxt gonraton 

wast 	aio fmccesfut. The females from bundibugvo (Bwamba) did not 

lay 	 egg by the tfime whon iggs or other four populntions were shipped 
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to the United States. All mosquitoes from four above montion~d 
populations fit Mattingly's (1957) description of Aedes agpti 
fonmosus, having deep black color of cuticle and sce- s. 

Autogeny.
All. four populations were tested for autogeny. No blood was 

offered to females for the first ton days, after emergence. Various 
degrees of autogony was found in all of them. No itutogenous develop­
ment was reported in field populations of Ae. aegypti before. Lea 
(1964) was able to get eggs from a laboratory strain of Ac. aegypti 
which females were fed on egg nlbumin and 107. sucrose for 8 genera­
tions. 

The wr ter found some degroe of autogony in Tanzanian field 
populations of Ac. aogypti and Ac. subargenteus (unpublished data). 
Tohe "Autogeny Index" (AIx) for Tanzanian populations was ATx--0.17. 
The Uganda Ac. aegypti had more than ten t[mes higher nutogeny Index, 
Aix= 2.50 than those from Tanzania. 

Sl.nce nothing is known on autogony fn field populations of 
Aq. aegvpti it is premature to make any conclusions on feeding, 
autogeny, relation to hosts (if any) ind vectorial capacity in 
Bwainba and othur Uganda populations of Ae. aegypti. Perhaps 
autogony Is responsible for the fact that Aq. aegypti is non­
antbhropophilic and does not function as a vector of yellow fever 
in Uganda.
 

Ten females of the Mbarara populatin were dissected after ten 
dlay feeding on carbohydrate diet. All of them had fully developed 
eggs (IV - V stage Christophers, 1911) in their ovaries. The 
number of fully developed eggs per female wan between 1-19 average 
10.0. The problem of atoageny i. being subjected to further inves­
tigation at the Vector B3iology LTaboratory, tND. 

C. Field and Laboratory Workin Kenya 
I left Enteice for Nairobi on 28 August and qpent one day at the 

International Center of Insect Physiology and IEcology discussing various 
scientific problems with th Director of ICIPr, Prof. Thonas Odhinmbo and 
with Drs. R.H. Leuthold, D. Donlinger and T. Dadhialla. I met and had 
talks also with Mr. Ojal, the Administrative chief of ICIPE. I left 
Nairobi for Mombasa on 29 August and spent 12 days in field and the MBU 
Iaboratoty, dicussing various aspects of population dynamics, dispersion, 
movements, host choice and other Ucological aspects of inland and coastal 
populationS of A.. a(gypti in Kenyn with Drii. W. llauncrmann, P. McDonald 
and D.M. Fannra. I was very well imprensed with effort and anount of data 
collected by all of thoe threv celvnttsts during a period of one year, 
which is for thin type of work t short period of time, Since they reported 
their results in the 1972 Annual Report and further dat..are reported Ii 
the prosent rcport I will not repeat thom herc. 

http:ATx--0.17
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' 
T.lhe
r .= " ;. , io o o ,q itodes- weret con iLtiCted nL VBlL;. t~raps w r 
-. 150 x..150, x 600 nmm in ize, T~hree ctrcular opening-, weremd 

i. iimade oft mealeiscreeni andlra pa~ti cLriLm.; Si tL;iraps wedreshpe 
Ntr¢eI0ro Dame to M;omlTasa by :a .r-freigt;i hlowever,[ by th svet 

lh
.~~~~a of.;f;my-istaying7 at MBU e trapgs Tdid not :aritve, Dr.,4.Husr,;:7. t

7C~~ ~mn offre to buy: a she cleair, pl asltic and
: of)::<7 imke anoher 

sat ftraps. We mdyea, ow se ofE.p-i 

7:i[-:'-:,:.,:::/:-:'coulId .t~est: them at lea st',once biefo're-}my ,deopar-tuire":. , - .i:;:r-, L . , 

Moto the feral pOpunin of e. eytdontfd 

on mnl htouises. -':4"-44,.4 t'hei r biting behanviour, , . ,
inside lieingexophtIIicin ­

f~eral and doiestic popuain fo xpils nnadpiim11 
an olfactomieter in the liaboratory. Five differenit fhosts "(m~all; 

rat, chi~cken, turtle and frog)tls representative of mnmmals, 

birds, reptiles atid amphitbianq wore tested, There was signlrl­
cantly lower response of-.all feral populations to the all tested -.. 
hosts.-We feel that there must be a baehaviouirbarrier which 

"prevents Ae, ligpi formosuis from entering himndwellings,. 

: Inl our field experiment at Rabel, It waH qopposed that Avo. 

not enter thel baited traps . Ifthyeerherateymyl.Iceeta lsigrm 

endopilic. In our fieldl experiment we used, only three kinds of,. 

: " :hosts, mice, cieken and frogs., Tlhe rrps wereoihung on tree :, . 
...... .... "branches in the BeJuma Forest and left overnight., No mosqui.os ... 

.were fIount] in t~raps next maorning, -TL in premature to draw con­
clusi.ons f~rom experiment itsnld bedoe i~nrmany ­

mae oe an i rpswr hpe
 

thin becao.e ,
}7 }} i7,s'ot of t;" W""e aT 5;,5 1 .7-L]' - i F ] ,; :'{:!I "_, ! -iay .577 7-J 7 l
 - "rp"a;. m: ' ."5,'1,?.'-::6 hiS "-s so: we"t;,]7{,7' ' 


replicateosand on variouis. places In forests, per/domestic and ;
.
--, ... . d... the . a st ky +'before.. my>!1 '4?. do<at .= . *IA) ' + / F% J }
 at.... once!. + i4
1 .... . c. .u teat le... t 7.'t , .g '.lr .¢ 

.domestic habitats, using v41ioL13 kindsi of bait. 

,2. Trip_ to Wnsln1 .Island' 

S4on 7September 1972 inde n trip together with Drs. 
Stiermnn, Fatn rn, Meconald, Mrs.llnucrmann rs FAnara and 

a laboratory ecnican, Mr. George TI'inn to n couitni area 

" ' . -. M asa a n d to W n - land . .-., south o f ombh . i f 11s 

Piur of tho trip,
 

S1) To itt out.whether or not ther -lihriedtng of Ae, "mThAtrnpw. 
in the cat6l iKenaeand wh t w7 e m a ircl the exten, 


).ro find out w or not. tre nsbreedriv for . InvauerMUtlier di 


iman inhlno pl tndo
 ited ofyfliore coral 


i 
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Ae,~~i aeyt rse1nL no WasHn, Isl......d, 

and~an inlawre vilae 
ofethKeyaleshre
 

oce an.Thnhd roof hossaesatrdtruhvgtto
 

':: " :: dred of p re ding of Ae, simpson t, +.
+" .... i neapple axils were checked f r 

i-:+i:: :::-:"Most of t~hose with water were positive for.: Ae. simson larvae,;i:i,: /:
 
•.i.!:.:-A: out 50 troeholes and +caconut, steps with+w _te r were, samp leofor ...:]
 
.::!i:::,:: mosquito lzarvae. :Some of te flooded holes :were :positive: for:+ /.
; 

:": L ii'":Ae. agypi other species were Aedes calceartus,;A.- s s o i, ".:p 


".: + : • were: found iLn a'-big metal drummielocat~ed-tinderi sourh of ..
gan oslandege~e oec cffshe, a palm3)dT. fin the 
¢ : r L tree. A "branch of palm, tree was :Lightened to rt ho" trunk of the +. 

:~palm and, the base of the branch wan insert~ed into the drum, This + 
: is a method used by local tribes to collectr rai:i water for domestic 

Th se 
' '' usel including cooking and drinking. e water drums also become .i :: 
. ~~suitrable-breeding sites f£or Ac, ,ogypti larvae. . i 

': + ::+"+ b,. Pemba Channel :FishtngClub -.Five discarded Motor tires
 

. ~located near :bush in the Pemba Channel Fishing Clubgarden. ­
-. ": yielded about 50 Toohnht brevipalpis larvae (Fig,. 10),. -"
 
+: -' : I~n some tires Le nogptland Eretmapodites larvae werer found,... !
 

c.-imn ill - ilisin small fishing village with­

+ .:.. few old arabic tiype housesi a~t -theIndian 0cean . +l A des .+y. 

: :.+ o tor found both in.:treehotes-"+.
and-Eretme odandF; quinnluerittatus woe
and in junked m parts..
 

fat++iswr oae ....
SShmoni Village.mItuison nabgmtlduIrregular ndeap"mn she oanin habited on 
++'+ :+tree, A br ++n .. r t ee0' ti.hten0d t "hctrn the'; of lm "of 

:i '.. three places (Northeast, iNorthwest: and 'Southwest) :+Baobab-".h
 

tdrees (vas of tn s ar o ucculent pl 
are •common-(Fig. 1). This cora isa Isbuit in th e 
shape of an atoll.c To onra porton ind ooded hightides 
(Fig. 13). Ther are several more butt mallr and unilhabiod
 
with gcoral inp, rn
islands south of Wa which wore not searchd atd 

__ time. theoso landp migh be uset lgrown or genetc conrl exper­

n
n o oAc;.4 oOred e a l were hec-di fo breeding 

,;"VitrtiAin corn) rock-holoeN Thls :: ;:;i oof Aoden: (S. n (FgI|. "12). Iit u la o
Most of tho ito uroeroiti e lrva.o
at v fr Aoundm" .i
 
in both otdro andoor continors w wample o A . pl fr
 

wastakn fom two old1 tiot typox of bontg locatoid tinthemosquit arvae. Soe of them moro th 60 wereolono svo ­larae and ti; otherpce wr has nlya An ulnrom i
n iiit-to
Ahe ol on, onlyare farvaeoccurre, Ilcuvilan C 



of Ao aegypti spot abdomen ()and pale abdomen (pa) mutants 
occurred in high frequency. In the central part of the island 
we found larvae of Ao, aegypti formosus in trecholes. On the 
Southeast side of the island is a palm-treo plantation about 
two hectares in size. The undertree vegetation represents 
short (15-25 cm) grass with scattered (30-40 cm) bush (Fig. 14). 
Coconut shells unseparated from husks wore found in piles on 
many places. Most of the shells with water were positive for 
larvae of Ae, aegvpti Fig. 15). Adutlts are dark sap. formosus. 

We Left Wastni Island in the late afternoon, on our way
 
.......back -to_ Mombasa- w--Corid -- pormatient,_,swa,--w
------ n__ 

Cyprus grandis. This is the plant in which tedes (St,) woodi
 
breeds in its axils. We were not able to get enough specimens
 
of the plaint to find whether or not Ae. wod breeds in this
 
swamp, Water level of the swamp was very high at this period of
 
year and our experience from Tanzania is that populations of Ae.
 
wod in permanent swamps are always higher in the dry season.
 
Sampling is also easier during the dry season than the rainy
 
one. It is suggosted that this locality should be chocked for
 
breeding of Ae. woodi between June-August next year.
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Illustrations
 

Fig. 1. 	 Headquar.ters of MBU, located on shores of.Indian Ocean just north of 
Mombasa, Kenya, Building is reiited for three years; contains research4 
laboratories, insectaries, library, carpenter shop, radiation source 

of Dr, fauso ranii,MBU4-.-..-. plus living quarters ______________________ Field Director.iii, iiiiiiiy~iii! , i]![Ii~ i! iil ii 

2,Mpanga Forest located 40 kw SW of Kampala and 16 kw North of Lake 
Victoria, Thick forest harbqriog many mosquito species including Ae. 
africanus, the vector of yellow fever among forest monkeys.
 

_____3. Kampala,_jand4A;_ automobile tucrap-hepwere Ae,_a0Axoti an4 Culex______ 
pipiens fatigans brood in scrap iron. 

4.Colocasia plantation at lwayise, the habitat with non-anthropophilic
population of Ae, simpsoni breeding in planit axils, 

5.Colocasia xils as breeding sitea of Ae. sinipsoni.
 

6. A habitat inBundlibugyo village where a non-nnthropophilic populati.on
 
of Ae. aeswpti breeds inman-made containers,
 

7. ZBundibugyo village -with the Rowenzori Mountains inbackground.
 

.W 8. The habitnt in fliharvo- village (15 kmn NE of Mbarara) where larvae of
 
Ae. aegypti were collected from a discarded motor tire. 

9.Lyatondo village, breeding habitat of Ae. 221ypti outside houses. 

10, Discarded motor tires in Lhe Pemba Channel Fishing Club near Shimony
 
......... Village, Kenya are sutitable breeding sites for Toxorhynchites brv
 

papij Ae. negypti and Ei'otrapodites quinguavittatuii larvae,
 

1.Baobab trees and varioty of succulent veget~ation on coral island of
 
Wasin i.
 

12.. Coral iock-holes filled with rain water on the atoll rim of Wasini
 
Island breeding site of Ace (St.) vittatus, 

1.3. 	 Central part of tho atoll-sliped coral island of Wasini, 

14. 	 Coconut palm-tree plantation of SE Wie of the coral atoll of Wasini
 
.......Island. Shol18 unseparated from husks scattered Ingrants ara suitable
 

breeding 	 Bites of Aq, CORYDit larvae. 

1.5. 	 Piles of coconut hells iiihunks a hiibreiIng habitati or La. ai rti 
on Wasini Island, 

16. 	 Fiold station of MHtI in RnbnI study .uron near Mombasa,. 
1.Isolated village, Rabnt area, wheo populntion dynamica of Agdons noitvti. 

in under 	 $udy, 

i'' 44., - ........ 

4- -44 '44 !~ : :!i]il 


4' !I !Ii ' 44 -:ii- ! 4 	 .4 ... ,4Ii~i'i... . .. .. - . ........ 44=,; 4 . . .: . . 4.
4'ii!11(iiil i! 4! ,,4~ iil~iii;ii ii 	 -'.-/~J~'iji'ii i: ~ . '.4 l 4- 4 
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4, Kodora, 	 It is known alternately as Kodera Forest or Kodera Valley
 

It Is located in South Nyanza Province about 25 miles
 
forest, 


from Lake Victoria.
 

5. Gembe Hills.. This is an area of rocky hills and grass on the
 

shores of Lahe Victoria south,and west of where 'Kivorono Gulf 

opens into the lake.- The collection~area'was a less rug~ged 
.the4 lake shore.

terrain bet4?een Gdmbbe Hlls and 

, nir~ith a 1.5 x 36'c'm rubber,.The motliod'of collectiL'n~wa,'eithorb'
by hand with the help of local people,,, The size rangeband "hoot-r" or 

of the spedimens waslimited to those oyer 5 cm nose to anus legt ... 
bmausually were- tran q -,

Bl o - ' eut 
4h 

ported to the lab and caa~d before taking blood samples. 
ltall 1o,
 

two blood smears wore takeoi from each lizard'by cutt~.na the end'of,'tho.,,.'
 
fowevor, this'mthod proved unsatidfactory and later mosquitoesW>
tail. 


Siiiceithe bloodmeal coagulated within.
 were used as 	micropiancturo-nOafles. 
 was made immnediately.

5-10 minutes after ingestion by the mosquito, the smear 


the thoiax

The %ringsand 	-leas were removed f o thle ~teieii~~t 

pair of minuten mounted on orangewood sticks,
severed from 	the abdomen with a 

forced from'tho'abdomenoAV to the surface of Ithe',slide, and.
 

the bloodmea. 

a thin smear 	was'made in the,-normal manner. 

All dried blood smears were fixed inmethanol for three minutes, ri~nsed
 

indistvii1.aIator and stainod with Giemsa, (George 
,T.,,Gurr-R66) in,
 

4%.dilution for 30 miiutes. Examinations of ulidesiwaso with oil immnersion,
 
negative ifno parasites were
 100io The specimen was classified as 


,found Aftdrfour lenathwiso swoops. 


Incidental toth~a blood smears, an inspectiohn of the lizards for mite
 
Thosea found were stored in,70.
 and tick ectopw:sit@5 was cai~ried out. 


athanol and later muunted~inpolyvinyl lactophenol or Turtox non-rsinous
 
,mountin8 medium.~­

+++1+4 +++ 
made with the 	help, of
 D.Tentative 	identifications of the lizards wero 

+ a +	 Vs
S +~+h+ S.o~ah: tS Nairobi and verified by!'Mr.o+!+'b 

..............DAland HcK:z'y0:f>t2v+eat the Konya National 
+ :++.. . 

Museum, 
. .++++ ++ : +: +++ : +: +:+ : S V S V++ 


+ :+. . ..+. +..++. ..t a.. l .. ... . +: : . .. . . +. ++ 	 The total nwuber 
Robert C"Dro~ss of the California Academy of Sciences. 

of lizard specimens (nN97) and tbe-number from which blood slides were
 

are listed inTable 1, One of the Gekkonids collectedcollected (YN09) 
 its, nor­
inM60bbsi, Lvgodi t~lus'aiularis Gunther was found far north of 

mal rangewasouth of Southern Tanzania--and itas probably brought inby the 

tradin8 boats (dhows). The jetastia lo2hnstoni Doul from Rabai was, also 
ranac (Dreies, peru.,6ommunidd).
found spibewhat north of its recorded 

With respect to t.i blood parasitism, only the lizards from Kodora 

striata striata Peters, apor$d­
%mro found to be positive. Among Hauv 

'Easmodiumpittwaniomdice IsUik, were foudd 'individuals infected v4th 

Mtlfartin. Two of dlain specimens verA found
Hoam*and T~pnsi b 

alaria in an 	initial collection, and in a subsequent
infected vitWhO mh 

and one with 	trypanosominsis was found among
collection, four malarious 
twenty individuals. 

http:cutt~.na
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The blo6od Parasites and ectoparasites found, along with the specific 
designation of the hosts are recorded in Table II. identifications to 
genus of the mites were based on Zumpt (1961) and the tick on Hoogstraal
(1956). TIe Plasmodium was identified based on the descriptions of Garn­
ham (1966) who had collected lizard blood smears in the same area (Kodera) 
in 1942 and again in 1962. The trypanosome was tentatively identified as 
Trypanosoma boei Martin by Dr. F. G. Uallace at the University of Minn­
esota.
 

Table 4II.-~Blood and ectoparasites obtained from lizards inKenya.
 

Blood Parasites 

Lizard Host Parasite Frequency 
Mabuya striata Plasmodium pitmani 5/31 

' Iabuyd striata Trypanosoma :bouci131 

- -.­~-. -Ectopar ites 
a3~8rioullis Pterygosomid wites 

- j , (Ptorvgosoma sp.) /
fleiidac~ylus mabbuia Pterygosomid mites 

* ­ (Geckobia sp.) 11 
Mabuya.striata Laolapid mites
. 

- ~(Sauronyssus sp.) several 
Xsbuya' Ianifrons, Laclapid mitesKW. (Sauroni'ssus sp.) 2/1.0-~ -. 

2Mabuya~ 
 plhnifrons Ixodid ticks 
­

(Aponomma sp.) 1l; 

II,. 431.00dfeoding antd Infection of Aodes ae~ypti
 
Materials and Methods:
 

A. Firdt the ability of the mosquito to food on lizards was checked.
 
Examples from four famnilies of lizards were chosen for tho trials: Agamidae,
 

-. - - Chamoloontida6, Gehkonidae and Scincidae. All were collected in the Mombasa
 
and U1abai area. The strains of Acdes aojgyp i tested wore from laboratory
 
colonies established for less than two years at the Mosquito Biology Unit/

International Centro for Insect Physioloay and Ecology, Mombasa. The GANGA
 
strain is a domestic, -Pale form of &. aegypti, TREEHOLE and MI4AZI strains
 
are feral dark forms, and 1101AJA an intermediate, peridomostic form.
 

The lizard was first immobilized by wrapping in a wire mosh and placed

in the plastic "rallon" cage containin3 the mosquitoes. The mosquitoes had
 
all been starved 24-36 hours previous to the trial. At termination of the

trial, 	 the number of mosquitoes which had blood-.fed was recorded. 

D. Infection of Aoo aoawy ti with malarious lizard blood was the final 
satop attempted., The specimen (Haliuya striata) with the heaviest malarial i.n­

>faction was used in all trials. Even so, the level of infactim wias low,
and counts made fromn smears taken on the infection trial days conistantly

W 	 showed 0.0-1.0% of the rod blood cells parasitized. As is apparently typical
for Plad-modium pitmani. 45-50% of those calls conmtained mature ganietocytes,
%tilo the remaindr hiad all staaoo of trophozooLtos and aciotsrpo
ontod, tsrpo- -- -- - - - -hz 



s of speciens of lizards collected at filve
 
-.
Table Species identifications and nurb 


Site 


WHNBASA 

PWA.AI 


KODERA 


GiIBE HILLS 


I-LIiDI 


sites in Kenya.
 

Fa--!y 


AGA!IIDAE 
077=31-1DAE
GECiJ]iDAE 

GEU-FIDAE 
SCICIDAE 
SC11IDCDiE 


CH Xi!L70NTiDAE 
GHAILEOTIDAE 

GEKYiIOIDAE 

GCM,--DE 

!ACERTIWAE 

S~1CITDAE 

SciicIE 


GE2 HCSAUPIDAE 

!A2CTIDAE 

SCI-ICIDAE 


-
AGI DAE 

SCIICIDIE 

IL.CERTIDAE 

SCT01iVCDAE 
SCIUTCIE 

SCMICIDAE 

LizrdCollected 


Species Identification
 

A anaa !ionotus Boul 

Lygodactylus anularis Gunther
1
Lygodacty ~us pi" turatus mombasicus Loveridge 


--1=bouia (Jonnes)HemidactylUS 

Aabuya acuLilabris comorensis (Peters) 


,-__ 

iLabuya -Panifrons (Peters) 


Leach
Chameleo dileois 

Rhorpholen sp. 
Heidactyius maoula (Jonnes) 

overidgeLygodactylus pfcturatus morbasicus -.


Latastia johnstoni Bou!
 

Mabuya striata striata (Peters) 


varia varia (Peters)
Iiabuya 

Gerrhosaurus nirolineatus nigrolineatus 

Hallowe!! 
Lacerta johnstoni Boul 

striate st.iata (Peters)Mabuy 


Agamia agrC-collis (cf) gregorii Gunther 
Mabuya striata striata (Peters) 

Eremias spekii sextaeniata Stejneger 


i4abuya maculilabris comorensis (Peters) 


l4abuya planifrons (Peters) 


Riopa afer (Peters)ioaa-r-14 

Number 


7 

1 

5 


Q 
21I 

1-


3 


I

1 


2
 
2 

10 

2 
3 


31-

36 


1 

5 

7 
I 


Number Blood
Smeared
 

7 
.
 
4
 

2II
 
32
 

3
 

!
1 

1
 
0
 
31
 
32
 

1
 

0
 
5
 
7 
I
 

33 



~:~i ~ Preliminary~ trials wore run on twqo strains of-,A.~aegyipti, ?MALAIOENI 
and MOMSABU, but there wns very high mortality due to the'age~of~he mos. 
quitoes 'whiblood-fed. A second .lot of 34, four-day-old adults of a marker 
stock (Si, bt was then very little Mortality.k, infected with 

Eight days, post-infection, the midguts of the: surviving MALAMWEtNI ani 
MOMSAUstrainwwere ctissectedout ii'a dropof saline nnd ;mounted perman­
.e6'in polyvinyl lacto-phenol medium. The mioIguts~of the araker stock 
we?r ,edissected five days post-infection and were simiJarly iidUflted. 'All', 
were exami'djd immediately after dissection for .presence of oocysts at250xc 
wi.0h phase c~ontrast microscopy. 

Results: ' 

The-'mechanical -obytaclh&ffre byteazr~E eoecin the case of the skinks (Scincidae) the scales are an efpiebrir 
,.In these lizards, almjost all'blood-feeding occurred in the soft memu1yanes
,.around the eys withaddi tional biting-at the leg-body ,juncturei 4nd-peca­
,sionally under the largqer scales dorsal and postorir to~the b±Tld.legs,,
Al,though'all the lizards tested proved to be susceptible to-',blood-feedina,
the Agama agama and the Chameleo dilepis were particularly so. 

,(Table -III).
 

Table III. Blopd-feedina 

of'A.izards' 

Liar Lizar . 

Family Lizard species 

CHMt 
A.,agama.
C.4iei 

CHAI. 0. dilepis: 
GEK& 

GI% 
4C. dilepis,
H. r.Anbouia 

GEK L. icturatus, 
SCI M. planifrons 
SCI e4lanifrons 
Sd 14 planifrons' 

ability of A. nepgypti strains among four families
 

No. of­
' aypti 
Strain' tested'' 
GANGA 20 
GNA 16 
TRqqij0LE, 10 
1&nA ~ 20 
rUKVEU)J 

. IGA l15 
'GNA '20 

GANGA 110, 
MNAZI 20 

Exposure ~ Percent'. 
time _(min.) ,blood-fed 

'75" .05
 
45 0
 
30 20
 
30 0

45 50, 

120 20 
90: 25
 
20 15
 
45 40
 

In the 39 midauts dissected and inspected, no oocysta development was
 
aeen. The mortality amon3 blood-fed individuals in the first three trials,
 
was 63-92%. 
The A. aeprypti used in those 'trials were relatively old (10­
20 days). Howover mortality amona the marker stock which was 
four days~

old at tho time of infection was much lowor, around 6% (Table V).
 

Table V. Infection of Aedes aojmpti w;ith Plasmodiumpvitmani from the shink
 
liard, Habuya striatal.
 

Mo qu toS
ra 
1,MALA.1WENI 10 
MOMSAnU 10 
*1OISABU 20 
SI-S-BLT 4 


Days

nb1 . Aft orNo 

* 0 
24 
:9 <0 

34 

Total di.-'ioctions: '.39 

Total wiih oocysts: 

0 
0 

5(3)3, 
22 (92%) 

7 (70%) 
2 
2 

5 2(6%) 32 

0­



TheB~iydaai oleted here do not%prvd deiitv ne rsto the uesin 

Tn helyr lclzedon Inve of thei, itas proide aboturinge ofasis
 
mOii Kodcraatwice previus ar at i
 

he datoa. o.ev..ere dnotepvdeth maiaistributionths spotty, 

scollection sia nham ofeciton weemotofondina an the othenrs.deurthircin1)eshegationslocal
 
pates wrefcoenesofmatherboticonvenlieo rathes~than ars known s.traiof
 

e roeatie ves wl As at o rlo
lizthrdemalardacurencls, nd2)aten e flzadseies pce

f a es oftoiza iia e tedthae mo ala aledintiion as more
 

~The failure topusce osi temsut gu wal no the for
 
faiin esofrizad hrinichitetcterl heail cldinosiiliar, mre
pr 

haeiben topeosquitoriei~tafloigraohes. Frto lothe bi~toons com­the 

pia waspr lo tho no nome(s ticulocytu s ersran
firlye n biinfeailties 

liad aaraocurncad )tu ube lzr pc
conhe arsmears).Ao indiat i lsoiudlnccmtoeac 


a Thje afaelur oh infuctiooyt ifblod the mosquto (lamade t1e7con
 

he imerns erseceshv
 

* dStondly deribehren cebly-e wast ar it pow, ibityo ays
ofmhqies 

shviben ehaxpectie foted forloin8treaos Firtbeorlldioctonloodpaya­

may have been too shor6'9 Thirdly, attempts to infect.A~. aegypti with lizard 
malariae have been positivo only in the case of the presenceof a sinale 
oocyst after infection with Plasmodium agamae (Bray, 1959). Jordan (1964), 
though unable to infect A. aanvpti found as many as 70 oocystsiiA Cua 
Pipiens after infection with Plsmd loiono inally, the discovery
of a phlebotomine vector for Plasmodium maxicanui inCalifornia (Ayala and 
Loa, 1970; Ayala, 1971) eLvas the first convincina avidance that at least 
some lizard malariaj are not vectorod by tm6squitoas at all. 

http:arsmears).Ao


W Summary: 

1) The stripedI c1hnk, Nabuvyl stria in Kodera Valley, Kenya, are
 
found to be frequently infected w;.th Plasmodiumpitmani.
 

2) LedsO~~~ are found capable of feedin8:on selected members of 
forcommonly found, EatAfric~n families oZ lizards, with the chameleons
 
anaamids being moat frequently bitten.
 

3) Positive infections of Aedos aesgypti with the lizard malaria,.

Plasmodium pitmani wero not, found.
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