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7. Expenditures -ECurrent Year: $82,482
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9. Narrative Summary - Accomplishments
 

The Pirst ha of year 3 was ovead by an earlier report (Jul-Dee 73)
 
5overing continuation andorefinment of ecological studies.11n the second
 
hal o year 3# reported herein, ecoloicl studies24ere'minimizedand emphasis
 

was on Phase Ill a village-scale field release. We released males carrying
chromosome translocaton heterozygotes conferringabout 67% sterility. The
 
releaeeextended over 10 Weeks, withabout 1000 males released each day. The
 
released mles ere fully competitive ad seminated ield females at the
 

predicted rate. Egg hatchability in the village dropped from 90. + to
 
30-40%; when the release terminated, it slowly rose but'had reached only
 
67% 10 weeks afterwards. When compared to a control village where no treatment
 
was conducted, the release village showed a marked drop in adults collected
 
while landing and biting. However, there was no redhction in rate of
 
oviposition, perhaps because the experiment was too:short. In a third
 
village, treated by twice-weekly removal of larvae, the adult population
 
declined virtually to zero. This initial experiment shows that translocations
 
can be introduced into field populations and that they can survive long
 
after introduction. This accomplishment is a first for any disease vector.
 
These data further indicatethat our original idea of population replacement
 
with a tranilocation homozygote might be feasible, Therefore, release
 
experiments in yer 4 will attempt replacement rather than suppression
 
of populations.
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SEMIANNUAL RESEARCH REPORT
 

A. 	General Background 

Aedes aegypti is well-known as a major vector of arbovirus disease
 
over most of the tropical world. In East Africa, the species is widespread
 
and abundant. Even minimal control is not economically feasible in most
 
areas. To compound the problem, there are numerous behaviorally distinct
 
populations (4ithin the species. In East Africa, one population is domestic,
 
breeding inside houses and feeding on man, while another is sylvan, breeding
 
in treeholes and feeding on other animals. The relative importance of these
 
forms to disease transmission needs clarification.
 

In recent years, entomologists have been searching for biological
 
methods to regulate vector species, in the hopes that such methods would
 
avoid both insecticide resistance and environmental pollution. One
 
biological approach is "genetic control", the use of genetic manipulation
 
to turn a species against itself. While the use of radiation-sterilized
 
males has attracted wide attention, this method has had little use for
 
mosquitoes; reduced ,fitnesr of irradiated males makes the method impractical.
 
However, there are many ott ir ways of inducing sterility; sophisticated'
methods of genetic breeding allow production of males that confer sterility
 
on their mating partners and yet are fit and competitive. Chromosome
 
translocations conferring semi-sterility are particularly promising, both
 
for Aedes aegypti and for many other pest and vector insects. This method
 
requires field trials; the present project is so directed.
 

B. 	Project Objectives
 

Stated objectives of this contract include:
 
1. 	Develop a study area for intensive research on a population
 

of A. aepypti.
 
a. 
Determine absolute number and population fluctuaticn.
 
b. 	 Develop predictive life tables. 

2. 	Establish 10-20 replicate sites for later use in release
 
experiments. Monitor e.och population for at least one year.
 

3. 	Determine relationships between sylvan and domestic jopulations.

4. 	Develop chromosome translocations for use in genetic control.
 
5. 	Develop facilities for mass production of mosquitoes.
 
6. 	Make trial releases of lab-reared mosquitoes for methods development.
 
7. 	Conduct subsidiary research on bionomics of other Stegomyia
 

mosquitoes.
 
8. 	Develop a major research component, the Mosquito Biology Unit
 

(MBU) of the InternatLional Centre for Insect Physiology and 
Ecology (ICIPE). 

9. 	Provide trtining opportunitls for African scientists 
and techniciansi. 

10. 	 Serve as a ratchanism to assist in strengthening the East African 
Community by affiliation with research institutes and universities. 
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C. Continued Relevance of Objectives
 

After three years of operation, It ifj evident that the original
 

objectives (See Project Statement of March, 1971) were reasonable and 
.can be obtained. The funding and the three year period were adequate for 

"Ecqlogical stud'es. .. preliminary to ,.r tic control". Additional time 
and funding ir required to test the genetic control concept. AID has provided 
additional fui ding for a fourth year, in order to conduct a series of 
field releases. These field releases v're the primary activity of the last 

half of year three, reported herein. 

D. Accomplishments to Date
 

Facilities and personnel arc! riven in Annex 1, Visitor's Guide
 

to the Mosquito Biology Unit of IC.PE.
 

In the first half of our third year we terminated our pure ecological
 

studies and the search for suitable t.anslocation strains of Aedes aeRypti.
 

The accomplishments and findings of this period are covered by our
 

smiannual report, July to December 1973. A final excperiment on dispersal
 

is reported in Anne, 5. 

Preparation for release experiments begn in January of 1974. The
 

production of release males started with the build-up in numbers of a
 

marker strain and two strains heterozygous for single translocations. The
 

production of the release male itself necessitated four subsidiary crosses
 

between these three strains. An acccant of the translocation homozygotes
 

and the genetical methods for preparing material for release is given
 

in Annexes two and three. 

Releases began in niid-March and reached soon a peak of about 1200 
males per day. A further increase was not possible, partly because of 
space and working hour limitations qnd partly because of a chronic water 
shortage and repeated breakdown of the water nupply due to the severe
 
dry seasou.
 

Original.y the release study was organized on the basis of two
 

triplets of experimental villages. Each triplet was to contain one release
 

village (see last semiannual report). The first triplet consisted of large
 

villages of near or above 100 inhabitants, the second pf small villages
 

of around 50 inhabitants. Due to rearing difficulties our male production
 

did not reach the envisaged 2000 miles per day and we decided to concentrate
 

our study on the triplet of large villages alone (Fig. 1, Table 1).
 

Chibarani village was selected for the releases, Kwa Dzivo was used as
 

village for source reduction and 1':ijengo was demignated as reference 
village receiving no treatment. All three villages were monitored the
 

way for population dennity, sterility, and survival of translocationssome 
and genetic markers (Table 2). 



... . ... ... ...... ' .. .... 

E., Findings
 

in time a vigorous homozygous translocition
Due to our failure to recover 


strain, our original goal of population replacement had to be changed
 

to population suppression by means of translocation hoterozygotes,
temporarily 

this effect produced the following
Our first extended release experiment to 


results:
 

1. Our translocation males proved to be fully competitive and 
of
 

(Fig. 2 and Table 3). Daily

equal survival value to native males maintained the ratio-of­............... ... r-eleases of beteen 300: and- r200- males 

: 1 and raisedto native males constantly above 10
release males 

: 1. The ratio of females to males dropped
it occasionally to 16 


from an average of 60. to below 20% (Fig. 3).
 

2. 	After 8 weeks of daily releases of translocation males 
the egg
 

The rate of
hatchability rate dropped below the predicted 40%. 

terminated,
recovery was very slow. Ten weeks after the releases were 


the hatch rate had only returned to 65% (Fig. 4). The oviposition
 

rate (Fig. 5) was less encouraging. There was little difference
 

between release and control village. However, the landing-biting
 

catches (Fig. 6) showed two marked depression of adults in the
 

treated village. After 8 weeks of release, the control village 
had
 

8 mosqultoes/man/hour, compared to 1.5 in the treated village. The
 

less ext:eme but still conspicuous in later weeks.difference was 
the adult population recovered quickly when releases were stopp('d.
 

3. Thi killing of all larvae and pupae twice a week in Kwa Dzivo
 

reduced the adult mosquito population rapidly and virtual eradication
 

of the native population of domestic A. negypti typo form was
 

achieved after 9 weeks. Immigration of domestic A. aegvpti from
 

neighbouring Chibarani and Majengo was minimal. A small amount
 

of domestic oviposition by peridomestic A. aegypti asp. formosus
 

was observed, however, through the whole period, This intrusion of
 

sap. formosus into the domestic habitat is still taking place
 

source reduction has been continued for 10 weeks
today tfter 

beyond the originally determined date.
 

4. Migration between the release villages was during the whole
 

release period negligibly small. Fluorescent dust marked males 

from Chibarani were recovered only once in Najengo and twice in 

Kwa Dztvo, A significant depression in fertility was observed only 

twice in Majengo, but regularly in Kwa Dzivo before the native 

removed. This low migration was not unexpected since
population was 

we had dry season conditions for the whole duration of the releases,
 

the rains being two months later than usual. See Annex 4.
 

0 
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5. 	Genetic analysis of egg collection and pupal collections done by
 
Dr. N, Lorimer demonstrated an unexpectedly slow disappearance of
 
the genetic markers introduced with the translocations and indicated
 
so far a stabilisation of the M-linked translocation at 
around 50%
 
(Fig. 7).
 

F. 	Relevance of Findings
 

We have demonstrated the ability to introduce a translocation into a
 
population and to induce sterility long after the releases are over. We
 

.-- b e l i e veoth i s 	 .... .. .... . ...
........ .. ........... 


The failure to maintain a significant reduction in adult population

size does not prove a failure of genetic control by means of translocations.
 
The double heterozygote release males introduced into the population the
 
maximum level of sterility which could be expected. That the population size
 
was not reduced as much as the sterility would lead one to expect confIrms
 
our earlier findings (semiannual report), that most of the mortality occurs
 
In the larval stage and is density dependent. In domestic habitats egg
 
mortality Just reduces density dependent larval mortality.
 

The persistence of the male-linked translocation in the population for
 
more than ten weeks after releases stopped indicates that selected trans­

* 	 locations can be established in field populations for extended periods and
 
suggests strongly that the original idea of population replacement is
 
feasible once an appropriate homozygous translocation strain is available.
 
his might very well be the case with the now available strain of
 

Dr. 	 N. Lorimer. 

G. 	Modification in Research Design
 

In the report for the first part of year three, we indicated that
 
no suitable strains with translocation homozygotes were available at that
 
time. Therefore, we modified our release plans to uso double heterozygotes,
 
the aim being population suppression. The release experiment reported
 
herein shows thnt our technology is satisfactory and that we can introduce
 
chromosomes into populations. Dr. Nancy Lorimer, a new member of the MBU
 
team, has now developed a translocation homozygote with satisfactory
 
characteristics of vigor, competitiveness and potential sterility. This
 
new 	mechanism was developed at the University of Notre Dame, in cooperation
 
with 	Professor K. S. Rai.
 

We now return to original plan. During the next year (year 4),
 
we will release the translocation homozygote, attempting population

replacement. We believe that the long-term potential of this method is
 
far g;reater. Ultimately, it should allow us to change populations by
 
introducing genes for inability to transmit disease.
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9 I B.- D152rTENATI01': AID 13T1TT'/ATOf OF~ 11STh~El1 IUTSUI~' 

1. Vic following vlgIi0ors iere recorded In Jan-Juno 19'( i 
Leroy Willi1twiiion, P'roject Looor, Tset.,; Res.Proj,, Tanga, Tnnzuintn 
ai.nny 13. Gaten, EBrtomologlsit,, TRP, Tonga, Tanz. 
Bd,,,-rA. Smith, Ghief, Mlarin f3ctlton, 
ICIPFE Admin.lstr~it lye OffPi.r - Jl..ivaljeo, 

I.SAID, Waslilrigtoui, 
.1-1.. jal, 

)C 
ar4o 

John A.tog l, P,,,ti 1.Lolog Med. ,Vo , .scase,D" f).; , uI.ruf: 
M-iznbeth Q.Wangnzri, 1ntomrolojL3t;, UVDVJL Kenyn M~ed. Dept., 1Valrob.-L 
Juap vfan EBotlori IE Ren. Sc!., KNirobi 
Piaul Schclts, ICIPE lNes. Scd., Nitrobi 

(Irwn. St..xdontot !.i Geneticat - TJ.Col1i!ege Nairobi: Stephen Kttarinja, 
Doijigla Nd tvitu 

-T. Rlamon, Chief', O'f.Lce of Voctor Dtolo,&y and Control, WIO, CGcmevu, Swf.tz. 
J.* Mou ehet ,'ThieV, Med.E1ntoznology, 0* i*S .T* 0,M., bondy, Frutiv 
Ghrite F. Curt!t.r,, Chief, WHO Unit for Genetic Control of' Cvli-,nc 

Mosquitoeri, New DehIndia (U.flrtstol, U.K.) 

2. 	 Un P9-22 Mriy, %hel TCPE Advtinory Comnittee for Technical Affatro 
iJot. In Momrubaa ad revLewed. the program o1f the Mosquito ?L'2c,,y itjitt. 
This Commttee conioitot of r"2procent.tives of LIOP, PAO), JYJ'Ap 
WHO, CIMM'IT, I(IISA, 1ITA, CIAT, CIP, IRRI and ILRAD. At, tccout 0l' 
their vi r, tt; -given In the newripaper articles reproducead us pFArL of' 
Annex 1I The Coittee spent a dlay plus evening reviewin't. 1lim­
technical acco nt nhxncnto of' MFBU and n second (lay tourings tbe 
laboratory and the fiel~d tte tit thn Rabai villages. 
This review by t ft TechnIcal Advi nory Curviittee rep~reenzted the, Ciret 
nnnual "tncsect-ortonLtea" review of'Lhe IM~P L3c Lnttii pro.-rari. N1oext. 
Year, progress on ti~ckr, and tsaet~ce will, be revIewed and the ::1ar tv:'t or, 
arlwyor~i and termite. Mosquitoes were chosen fo.- W~e lt'ot rov.-w 
because or st fooeral feeling thaft, M43had made as much a.hom: 
triy element Wt ICIPM. The Technical Adv-tsory Cormnitttee Repom, on, t- A 
war, highly 'tvorable; many membern conuzonted that the workr- Vae;n' 

only of, fifgh aciontl±'tc caliber but1 aloo uihowed a gVood 'itv or'lboratury 
ond !told, bwil~c VILd applied renearch. It wn.- hop~ed that other divlrLono 
ol' ICIPB ol fol.low a simtIttr mode.. 

3. 	 Another high-lecvel1. review of' ICIPE, including, IM, ts expek'ted In 
January of 19T5. The Vtoiting Commtttee, reprevent Ing the nutot .1 
Icademten of ntemm whtch arm represented on the ICIVE 
Comnlttec, votmInto of acleratot at the highest level cd' I.fterrition01, 
entoom. They nro Loj rcview for quality of'actence ini TCIl1. Included umr,

Dr-. Hurvey 1ircolmu, Denhe of' Xnf.1neortv4Yj Harvard lit 
eUrMeient 1liggeuwort p Ca i J.p UK 
ro Parry Aaiu Poone Proi.dent, FTet.So:. e, rtc 

,ro. W.4mni Writorhouce, ChLl , CS4IRO Australia 
Dr. C.fl.o rIltn Caina. D1. Vrt-culture L 
Dr. J l IJ41 tir, .ayptanrrj ,rrogstrnalChl, 3, D 
Wa. Do hIe . o 

MIl)might 1 Itt.o cotiuRt Litt., Nn'oirt;oti 	thlo CoirriLttxe 
(I'l2intQ "' w ruor. by PlIloJ 0 



F. TT~M~ OF EXPEI~i TURES 

The budi.-t; for tle ibh.rd year of cperat,lon Is ns 'c,].lows: 

.uet,d Ye nr .(July _ we '.73-J u
Expendlture 3 year "'ropoujed Actual Rema Ier1i''ota. 	 ___________ 

AT 	 N'TORE DAIA1 
1. Satlries bbenefits ')8,,960 34,000 29,50 .44, : 

VaniXl. 	 "jroO,50-''( 

T.Travel - ovens ,.0,600 6,400 19,99:1 -13,694 
5. 	 Indirecu costn-UND 12,935 4,760 3,852 

(v.% o' ,;&W) 	 45,305 53)420-

IN; 	 ZENfA 
Slarien & benef'its 	 .L2,000Q a 	 21,000 6,J59 .,: 

7. 	 Houlling allowance 10,O0 4,500 3,74,1 
3. RentO. - space 12,000 4,000 2,93B6 1,O!.-' 
-.Surp1]Lo- 7,695 3,000 5,49 

30. Travel - local 12,000 5,200 3,05 2,.-13
2.1. Cap tt,.l 	 ,905 1,000 343 ,: 
12. Indirect co~tii-ICIPE 23,100 7,i5 5 5luS1060 

( 't',,1%frect, 1,O15300 5 
iin Kenya) 

TOTAL: 2583, 90o 32,430 4,il,254 60 

Notes: 
I.Actual experwes, yenr 1 ,:77,1do; year 2 9, ii2; Year 3 t"1 

Aount budteted for 3 yeurv %.258,110 
2. 	 The high cost for travel was in part due to the fact that the te:.!n wan 

beln6: chaon;cd; earlier scientists and theIr famdlies went home ari 
new ones vnrme out. Round trip tickets provided to the new ones. 

/aco, the cont of' trivo1 by air has nearly doubl.ed since thts c.mltract 
was devIsod [n 1970. 

3. 	 The amount :~uvte- on ralriy at Notre W.me wna due to the fact that Dr. V,'imra 
left eurly In the yenr niod wan not replaced ;intlU much Inter, ant i we 
had word that the vnract wanLrennewed for a fourth year.

4. 	 Not thnt ealarles at Notre Dave are for the three acientisto and the 
bookkeoper-ardminietrafAve aide. Sa.-irtes in Kenya are for techrhli&vns, 
field aides und local labor. The Ini'e Increase in tunds for persouiel
for on.torin... , ar included in the budk,et, was not ratiii[retd.
IIliwover, l.ar:;or nrmxintu w1.11 be required for day labor-collectora; 
dur I, fthe rel.ciie ]l"?jgrwflu p3 i,lied tor y;ear 4.5. 	 The srAvi rm in rent. a were brou. ht sbout by early payment of rer,, ! n the 
previous year. ThbI will noL recur.
I.nflat!oxi h1i!; the! ro.1ect hurd .icu aIg,W.. rIrtce riijiri, Ieeis on 
the iony,, const,. 0 

http:doubl.ed


page 8 
* G. WORK P TLAN00 BJti'Ji F"ORCA T 

I. The work 
This was 

plun fur year 4 was given in ANNEX 16 of year 2 anitua?, report. 
the P1WI' plan for for village-scale releases in field trials 

of genetic control. The general purpose is to carry out, analyze and 
document, field releases of transocation strains (double heterozyj;ote) 
in the East African vill].age sites to establish the mechanisms and 
technololjcal feasibility or this method of control. This will require, 
among others, complet Lon of the baseline ecological studies; development 
of mass release strategies and techniques; and design, application and 
refinement of a theoretical, predictive computer model for use ".riplanning
and evaluating the field release. The following specific tasks are to be 
carrded outin.year.4.. 
a. complete studies of village mosquito population fluctuations; 
b. complete work on life tables, including capture-mark-release-recapture 

experiments, associated computer modelling, and village de-faunating 
and re-invasion studies; 

c. complete work on migration between domestic and sylvan niches in 
both vet and dry season: 

d. 
e. 

complete studies 
continue work as 

on gene flow between indoor and sylvan populations; 
required on development and mass production of' 

translocatLon to provide the type and quantity of the strain best 
suited for field testing; 

f. conttnue work on design and testing of release strategtes, including 

g. 
computer modelling component; 
develop a probabaltstic compurcor model as a basis for designting 
release strate-ies and predicting the impact of the releases or. 
notive popl al.tons - - and refine and upgrade the model throukth 

h. 
fee4l-back of results as the field trials proceed; 
conduct, monitor and thoroughl.y analyze mass releases of double­
heterozygote A. aegypti in the Rabai District field sites near Mombasa 
to aSSMs pOpulatton suppression effect and reinfestation rates. 
The release experiment is to involve a minimum of two vi llages with 
no treatment, 2 villages where 
by conventonal treatment, and 

the populations have been suppressed 
two villages where the males which 

are heterozygote for two translocatIonn will be rel.eased; 
I. carry out a close, continuing interaction with the WHO A..aeyptl 

project in India through the dIssemination of progress re;icrta; and 
results and travel by Notro Dame scientists to the New Dc-ihi. project; 

J.. propare a comprehensive final technical report on the total, fo5'r-year 
project in a form and quality suttable for broad distribotlor, 
throughout I,)he internationni acentif.c corminity. 
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FIGURE 1 

LOCATION OF VILLAGES IN RELEASE STUDY 

onI CHIBARANI 

MAJ ENGO~~ WKWA DZIVO 
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FIGUIE ' 2 

SUcVIVORSHIP OF A.AEGYPT| IMALES IN CHIRARANI 
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FIGUAzE 4 

H ATC HA B IL ITY 

CHI 

MAJ 

-

0-0 

0 

100) 

80. 

0i. o 
0 

o-
0 

0 0 

-
0 0 

000 
0100 0.0-

, 

80 

60, 60 

40. 40 

20-

12 14 

R I e 

16 

a s e 

18 20 

No. WE EKS 

22 

(1974) 

24 26 28 30 

[20 



FIGURE 5 
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FIGURE 7 (by N. Lorimer) 

GENETIC MONITORING IN CHIBARANI 
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TABLE 1 

TRANSMISSION OF TRANSLOCATION AT 1:2 t 

PARENTAL 
PERCENT 

TRANSLOCAT ION PROGENY 
PERCENT 

TRANSLOCATION 
CROSS IN PARlNT N IN PROGENY 

x N; N x 25 - 101 98 25 

4 x 50 65 401 74 49 

x A 75 100 76 78 
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Annex 3
 

Releases of Translocations
 

Paul T. McDonald
 

As reported in the previous Annual Report, the decision to raise and
 

release a mixture of 50 percent males heterozygous for a single male-linked
 
translocation (AT 1:2 n @ M) and 50 percent males heterozygous for two
 
different sex-linked translocations. (AT 1:2 n @ M/AT 1:3 f @ m) was reached
 
in December. The stocks of both translocation lines were multiplied as
 
quickly as possible and the multiple marker Africanized (M4A) stock was
 
also expanded.
 

The translocations for release were both tightly linked to the sex­
linked warker wild-type-for rust -eye In-the7case-of theATl:2 n M-­

translocation, the pseudolinkage between the markers for the translocation 
(wild for rust eye and wild for spot abdomen) was 376/376 - 1.00. 
Accordingly, less than 0.27 percent of wild eye male progeny of a known
 
heterozygote would be crossovers and possibly non translocated. Further­
more, less than 0.81 percent of wild-eye-male progeny of wild-eye sons
 
of a known heterozygote would be crossovers and possibly non-translocated.
 
This level of possibl non-translocation introduction was considered
 
tolerable. Further analysis of the pseudolinkage of this translocation
 
will permit a more accurate assessment of the non-translocation introduction
 
In the releases.
 

In the case of the l:3f @m translocations, the pseudolinkage between
 

wild type eye and wild type black-tarsi is 185/190 - 0.97. For genetic
 
crosses, the presence of both pseudolinked markers is necessary to guarantee
 
the presence of the translocation.
 

Based on larval survival and egg hatchability data collected over the
 
preceeding six months, the scheme for production of the release males
 

was devised and space allocated in the genetics room and mass production
 
room. Table 1 lists the types of crosses set. To control the effect of
 
any contamination, every cross was set in a series of gallon cages
 
instead of a single population cage. For ease of handling, plastic basins
 

for rearing 200 to 300 larvae were used.
 

Genetic selection from the progeny of each of the four preparacory
 
crosses was required (see Table 2). For the pupal selection the staff
 
was quite experienced and new members readily were trained. The selection
 
-f adults was more exacting. The wild type black-tarsi and the mutant
 
black-tarsi phenotypes were often difficult to distinguish, especially
 

in females, The females of the multiple marker stock were all black-tarsi
 
mutants, yet the expression had come to resemble the wild type, illustrating
 
the probable occurrence of an evolution of dominance.
 



The genetic crosses were either set by the geneticist or under his
 
direct supervision. The adult progeny of each day's crosses 1, 2, and 3
 

were examined and checked for possible contamination. Two instances of
 
contaminated groups were found, and in both cases the contamination was
 
ediminated before they could be used in other crosses. The checking of
 
adult phenotypes daily provided the critical control point in the entire
 
production operation, in the effort to avoid and contain any contamination
 
in the series of genetic crosses necessary for the releases.
 

Pupal selection alone was applied to progeny from crosses 4 and 5,
 
and this was done in the interests of managing all the other work carefully
 
with the staff available. (Table 2) By avoiding the adult selections,
 
only a slight amount (less than 0.81 percent) of non translocation males
 

- .....would be-incluidcd among the release-males..... .. -

As a final check on the quality of individuals taken for release
 
in the field, a sample was taken at approximately ten-day intervals,
 
and these males were mated with wild type virgin females of the strain
 
collected in the release village before any releases. The results are
 
entered in Table 3.
 

On two occasions the phenotypes of the release males were checked;'
 
and on both occasions, the mixture was approximately 50 percent of each
 
type of male. 

Single Heterozygote Double Heterozygote 

19 Harch 87 93 

- June 29 24 

Furthermore, a sample containing 13 single and I double heterozygotes
 
was mated with 40 virgin multiple marker females. The results indicate
 
transmission from both types of males in equal frequency with 95 percent
 
of males carrying the M-linked translocation and 33 percent of females
 
carrying the m-linked translocation, based on 101 progeny.
 

During th course of the releases, a problem developed with the
 
feeding of the larvae, and, until new food was available, a considerable
 
loss of the stocks occurred. In order to augment the release males of
 
the mixture, a second line was initiated for release, and this line was
 
the expanded stock of the single heterozygote AT 1:2 n @ M. This stock
 
was released only when the number of males of the'mixture was below 1000.
 

Dusted males were released during the first six weeks in order that
 
they could be identified in collections in the field. Each day the group
 
was dusted with a different color or combination of colors, for a period
 
of ten days in a color cycle.
 

The objective of the rearing scheme was the provision of approximately
 
1000 males daily o. a long term basis, The actual numbers of males released
 
and their colors are given in Table 4 for the period 29 March-14 May.
 0 



TABLE 1
 

Scheme of crosses necessary for continuous eaily production of 1,000 males heterozygous for two translocations4M/ fm 
1,000 males heterozvgous for one translocation I!M-

No. cages Expected Expected No. Ist 
Cross Size per day yield of Adults yield of No. adults instars No. pans 

99 x -of (6099 x 2r -b eggs required adults needed set per day 

Preparatory crosses in genetics room: 

1. 4 x '1= 120 x 40 2 7,200 NZIA 9 1,940 540 2,000 8 

2. YaYA x M4 120 x 40 2 7,200 +M 7 580 440 1,750 7 

3. j m x NA 60 x 20 1 3,600 *m d 140 100 a 750 3 
+m9 140 100 

4. M.A x jm 300 x 100 5 18,000 4m Y 1,440 1,200 4,800 16 

Production cross in mass production room: 

5. jm x fM 1200 x 400 20 72,000 +M/ f m d 2,160 2,000 8,100 27 
IM 



i A5LE 2 

Geoietic Marker 	Selection For Crosses
 

Cross Translocation Pupal Selection Adult Selection
 

eye abdomen hind tarsi
 
1. 	 Marker Stock ( _.9o) rust spot bac'K-tarSi
 

2. 	 1:2n @ M(o* wild wild black-tarsi 
1:2n @ M(oV')** wild 

3. 	 l:3f @m(db wild spot black-tarsi
 

l:3f @m(?9) wild spot black-tarsi
 

4. 	 l:3f @m(99)** wild
 

5. 	 1: 2n @M(dkd wild 
l:2n @M/l:3f 	 m(ot wild
 

* To renew cross 2 

** For use in 	cross 5; excess for release if necessary. 



TABLE 3 

Quality Control of Release Males 

DATE CROSS 
? X o 

HATCHABILITY 

11 April. CHIBARINI (60) 
x 

CHIBARINI (25) 
969/1046 - 93% 

11 April. CHIBARINT x MIXTURE 
(60) (25) 

322/1021 - 32%. 

22 April, CHIBARINT x CHIBARINI 
(34) (17) 608/631 - 96% 

22 April CHIBARINI x MIXTURE 
(37) (19) 

53/158 - 34% 

1 May CHIBARINI x CHIBARINI 
(70) (25) 

756/829 - 91% 

I May CHIBARINI 
(50) 

x MIXTURE 
(25) 

72/113 - 64% 

16 May CHIBARINI x CHIBARINI 
(70) (25) 

302/305 - 99% 

16 May CHIBARINI 
(50) 

x MIXTURE 
(25) 

162/456 - 36% 

16 May CHIBARINT 
(50) 

x SINGLE 
I'ETEROZYGOTE 180/362 - 50% 



0 

Annex 4
 

Movement of Moscuitoes Between Villages
 

Paul T. McDonald
 

Studies on movement of domestic Aedes aegypti between villages have been
 
completed since the lastAnnual Report. A total of nine releases were made,
 
Newly-emerged adult males and females of the RABAI DOMESTIC strain were
 
released in vacious numbers within and at measured distances from the center
 
of Kwa Dena village. A sketch map of-the area including the village is included
 
as Figure l,.The release points located at 400 meters and 800 meters from the
 
center of the village are also indicated on the map. The daily handing-biting
 

. .catches were of,-the 14
-done.-by.twomen,.each spending.-thirty-minutes--in.eachf 

houses of the village.
 

The recoveries of the mosquitoes released within the village in the L-B
 
catches of the nine days subsequent to release are given in Table 1.
 
Generally the recovery was quite good except for 1 December's release.
 
This release has been excluded in analysis of movements into the village.
 

The estimate of immigration was done as follows:
 

Number Entering - No.Marked (Inside) Released X No. Mnrked (6uiside) Captured 
No.Marked (Inside) Captured 

Percent Released (Outside) Entering - No. Marked (Outside) Entering 

No. Marked (Outside) Released 

On the basis of the foregoing calculations, the percent released entering
 
from various distances from Kwa Dena have been determined for distances of
 
200m, 400, 800m for both males and females (Table 2). According to this,
 
immigration drops off sharply with distance, and 800m should be an effective
 
distance for a barrier between villages.
 

The different directions of immigration has been associated with varying
 
levels of immigration, with the predominate immigration from the downwind
 
direction - (Table 3). The movement into the village was mostly from
 
the SW, opposite to the predominating monsoon from the NE during the period
 

of the release experiments.
 

T 
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TABLE I 

RECOVERY OF MARKED MOSQUITOES WITHIN KWA 1)DNA 

RELhEASE DATE, MAI. E S FEMAL ES 

9 No(VIrEo 73 4 97 2/17, 

16 NOVEMBER 73 52% 327. 

1 1)E,1- 73 10(A 24X;EMBFR 

12 DECIMER 73 417. 327. 

29 DECEM;ER 73 28% 217. 

11 JANIUARY' 74 53% 36% 

28 JNIIIAR ' 74 557. 3*/ 

5 I'I;B:I, 'ARY 74 43% 347. 

14 Ft.I,'UARY 74 59. 35% 



TABLE 2 

MARKED MOSQITOES ENT ERTNGI KWA DENA 

MAL ES I 'EMAL'S 

200nt 400m 800 200 Wo(0 u 800 m 

IV 477 4 7. 

V 55/. 437 

I 32,/ 17. 45% 67, 

TI 24% 17. 39% 1.004 

VI 2% 6% 

IX 0.37, 2% 

Vii 07,, 0.9% 

ViII 0. 27, 0.404 

AVPTA(;E 40'X 1% 0.17 427, 67 0.77 



TABL E 3
 

MARKED MOSQUITOES ENTERTNC KWA )ENA DURING NE - MONSOON
 

200 L 4 00m 800 , 

198 ul0.' 2.87. 445 0.5r/'/0/ 
82 % 62.3', 4 .30X. 3.3% 0.8/Y 0.5X, 



TABLE 4 

Release Males at Chibarani 

Date Color Number* Death Released 

29 March HR 729 7 
30 " HY 900 2 
31 " DR 621 5 
1 April 'DG 1086 12 
2 DO 1275 1.3 
3 DC, D. 777 SH only 
4 DG, IIR 420 4 
5 IG, HR 228 0 
6 110 708 4 
7 DY 795 35 

8 April HR 903 15 
9 fly 1000 5 (1/2 D.H. mix) 

10 DR 1000 3 (1/2 D.H. mix) 
11 DG 297 25 
12 DO 444 5 Mix 
13 DGDR 288 1 
14 DGHR 417 5 
15 IMP, 1278 0 
16 HG 1047 1 
17 DY 963 5 

1) April H1R 633 3 
19 IY 0 0 
20 DR 420 5 
21 DG 624 4 
22 DO 291 3 
23 DCDR 402 4 
24 DGHR 65 7 8 
25 H HR 1326 92 
26 HG 1005 47 
27 DY 384 2 



TABLE 4 (con't.) 

Date Color Number* Death Released
 

28 April IIR 858 16 
29 flY 1005 4 
30 DR 1005 27 
1 May DG 834 6 
2 DO 804 29 
3 DGDR 1000 147 
4 DGHR 1059 29 
5 HGIR 1140 9 
6 HG 1200 3 
7 DY 1002 8 

8 HIR 1005 9 
9 HY 1590 9 

10 DR 1200 4 
I DC 1020 25 
12 DO & DY 450 4 

1 013 -- 1050 
14 1325 3
 

* '9 March - 8 April Single Mlinked heterozygotes only 

9, 10 April Mixture 757,-25% Single and Double 

11 April - 14 May Mixture of 50%-50'7. Single and Double 
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Visitor's Guide to Mosquito Biology Unit
 
MBU/ICIPE/Kenya
 

1. Sponsorship: The MBU is a part of the International Centre for Insect Physiology
 
and Ecology, Nairobi, Kenya (PO Box 30772; Director - Prof. Thomas Odhiambo).
 
NBU operates under ICIPE Research Director George B. Craig, Jr. (Director)
 
Vector Biology Laboratory, University of Notre Dame, Notre Dame, Ind.46556, USA).
 

2. Funding MBU operates on a 4-year research contract to the University of
 
Notre Dame from the U.S.Agency for International Development. This contract
 
terminates on I July 1975. Funds are also provided by the UNIP, via ICIPE,
 
a -d-e c...........S.rvice. . .
........ . . . .
 

3. Location: The laboratory is located in a 15 room home at Nyali Beach, north of
 
Mombasa. P.O.Box 80804; Phone Mombasa 71653. A diagram is attached. Field
 
studies are conducted in rural villages in Rabai District, west of Mombasa,
 
a 30 minute drive from the laboratory.
 

4.Personnel:
 
Scientists - lot 3 years - Walter HausermannProject Leader(now Ciba-GeigyBasel) 

Paul McDonald, Geneticist (now U.Calif.,Berkeley) 
Dean Fanara, Ecologist (now WHO, Indonesia) 

Year - L. Philip Lounibos, Project Leader (NIH PD Fellow) 
Nancy Lorimer, Cytogeneticist 
John Petersen, Ecologist 
Fidelis Ogah, Population Geneticist (ICIPE Fellow) 

Technicians: 	Rosbella Chesang - Laboratory management, microscopic work
 
David Maina - Special genetic strains, translocations
 
Samuel Mburu - Mass production
 
Georbe T',uma - Rearing of laboratory strains
 
Nicolas Juma - Electrophoresis
 

Field Assistants: Julius Mwandadu, Livingstone Ndenge
 
Workshop Assistants: James Rimba, Steve Wanjohi
 
Temporary Assts., Daily Basis:
 

Karim Iddi, Peter Kimani, Kenneth Saha,
 
Malaki Ralik, Eduard Mkuzi
 

5. 	 ProJect Objectives: 
a. 	 To study the ecology of the yellow fever mosquito, Aedes aegypti in 

detail, to recognize the key environmental factors and to predict its 
responses to seasonal change and control operations. 

b. To attempt population suppression by genetic manipulation of populations,'
 
the so-called "genetic control".
 

6. Research Progress:
 
The research was organized in two phases. After a preliminary period devoted
 

to site selection (Kenya coast has heavy year-round populations of A. aegypti),
 
two years (June 71 to June 73) were devoted to studies of selected sylvan and
 
domestic populations of A. aegypti. Simultaneously, strains with chromosome
 
translocations were selected and developed in-the laboratory. From July of
 
1973 onwards, primary emphasis shifted toward small-scale field trials of
 
released males bearing translocations for genetic control. Results to date have
 
been exciting. When males were released daily at a 10:1 ratio, a high level of
 
sterility was established in a village# More important, sterility continued long
 
after the releases wore halted. By June of 197, we expect to be able to make
 
a well-documented recommendation on the feasibility of genetic control.
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(. Summary -Ecological Research: 
a. Population composition - On the Kenya coast., A. w,;yti occurs in Gwo 

distinct populations, domestic and sylvan. These populations have very
little genetic exchange, although thetr habitats overlap. The populations
differ in their dependence on rainfall andin their preference for 
oviposition sites, hunting sites and host species. They can also be 
disttnguicnud on the basis of coloration of both larvae and adults. 
The domestIc form, subspecies ateypti, (a)has adults that are brownish
 
and creamy white, with some pale mutants of the qeenslandensts variety,
(b) has , high frequency of yellow larva, (c)lives inside houses, with 
larvwe breeding in clay pots and other water contalners, () prefers 

that are black and silvery whIte, (b)has no yellow larva, (c)lives 
in forests, with larvae breeding in treeholes, (d)prefers other animals, 
not man, as host. The numbers of the domestic Io= are reasonably construc. 
throughout the year, whereas the sylvan form is abundunt only during
the rainy season. Also during the rainy season a third form, peridomestic, 
appears, breeding in outdoor habitats such as old tres, discarded containers, 
etc. The peridomestec form results from hybrtdization of the other two 
forms. 

b. Many experiments have been conducted on marlIng and releasing mosquitoes
for later recapture, in studies of population size and dfspersal. Mosqutftoes 
are either dusted with fluorescent dyes or Individually painted with 
dots in a distinctive plattern. Recovery rates on these experiments have 
been in the vic!nlty of 30-504, exceptionally high for this sort of work.
We find that in a typical village of the Rabat District, with 15-20 houses, 
there is an ongoing population of about 1000 mosquitoes, with 50-100 
new adults emerging each day. 1oth sexes move at random through the 
village., from house to house. Relatively few adultn leave the village, the 
number depending on the distance to the adjacent village. Less than 
1% will move as far as 800 meters away from the village of origin. 
These characteristics make the Rabei area an excellent study arena for 
experiments on genetic control; each village may be considered as 
an ecological island.
 

8 . Summary -enetl Research 
a.In the laboratory chromosome traynlocitlonn have been induced by

radiation and bred and analysed with genetic marker stocks. In two 
years, 78 tranrlocatlon heterozynotes have been isolated. Tnitially, 
we had hoped to obtain trnnalocaton homuyeoteu and to use them In 
experiments on eenetic manipulation by replacement of populations.
However, we were unable to obtain honazygotcoa in the time available. 
Therefore$ we have developed n system of double hetorozygotos which 
confer high sterility. Field females mated by moles carrying this 
system have 20-30% eef hatch; moreover, nlmost tw.11 resultIng progeny
also carry the system. Tho populntion will continue to be affected 
long oftor the intinAl r,*loa. 

b. A field e:fportment on ('enotlc control wt4r luittnted in April, 1974. 
Three villag-es were used; one wnt; for the r-leame of trannalocated 
mules, the uieond wav for control by removril of' larvae trnd the third 
wa untreated. All vllat,en were monitored w,-ckly for landfiU-1ltinr
adult, tAjpnlR outptl,, pulSt(I rate ntir ztor'li.y. lltlea wore 
relased ut the rnte or IR000 per (ay, every iLy ror Go deys. Thin 
cgave a ratio ot' Otettir thit, 10:1 o" rleane-hmolon ovor native malneo. 
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c. 
Results of the first field experiment are still coming in at the time
 
this is written. However, there is no doubt that the high sterility
was established in the experimental population. The villages all started

with94-98% egg hatch. In the translocation release village, the egg hatch
 
rate declined steadily to 40% hatch after six weeks and remained at this
 
level for 10 additional weeiks (to the present). Note that releases were
 
halted after the first 8 weeks. 

9. 	 Visit to the Field Site: 

a. All of MBU's experimental field sites are situated in the area of the 
Rabai people in Rabat and Ruruma of Kilifi District, just west of Momba:a.
The reasons for selecting sites away from the immedlate coast-and-outside 
thii nuicipalb6un'darII-e-a 1k o-fMombasa are twofold:
 

a. Mombasa exerctses within its boundaries a vigourous mosquito
control program which prohibits long range field observations. 
No 	 mosquito control(or other insect control) is conducted in Rabat.b. The people in the mosquIto-produclng areas of' Mombasa and the 
coastna. tourtnt belt are heteroeenous, mobile and highly
indiv.dunt) .h!. Yul. cooperatton of 	all people, which is
essential for our hind of work, I2s very difficult to obtain on the
basis of fr[endly persuasion. In Rabai, the population is 
homogeneous and e.[tensive cooperation with the villagers can
 
be obtained almost everywhere 0ter proper introduction and
 
acquaintance with the village elders. In practice, the people
have given us a warm and friendly welcome. We are deeply grateful
 
to 	them. 

b. 	 The field sites are reached after a 30-40 minute drive from the MBU
laboratory. The approach leads through Mombasa Island and then follows
the road to Nairobi for about 10 miles. AI'ter climbing the coastal 
foothills in Mazeras, the Rabal area lies to the Northeast of the Nairobi 
road, in the coconut belt. Please see the attached sketch map. In the

Chief's Camp, 
we have located an ICIPE Mohtle Laboratory; testing for
 
egg hatch and microscopic examtnation for translocations are done here.
The three experimental. villoges tare typical of hundreds of others in
the coastal belt. Th..:y v treated us follows: 

a)Chibaranl - Translocated males relosed, 1000/day for.8 weeks
(b)Kwa Divo - Larvae in domost V water containers (clay pots) 

removed twice weekly by elennInC; pots
(c) Majen ;o .. Vo control.
 

The distances between tli.',e vI .2o--
 :,re 20" iy 
.... and domesitic breednn, in all vLllages monttored weekly.


c.Subseqent .xpertmentswill be 
 done in vIllages that are further apart.
More effort to prevent tmLg:ration %413be made. Two more releases 
are planned, one in October of 1974 (nhort raInn) and one in January of 
19(5 (3onu rains). 

1. Outreach: MBU has working contact, with tle tollowing agencie: 
a. University College, Nntrobi - Entomol . [)pt.-Prof.001ambo)Bmtany Dept. -Prof. Olembo, ICIPP home laboraty 
b. Division of Vector-W~rne Diseane, Kenya Medlcnl Dept., Nairobi
 

Director - DLr. J.D.rsotertn:sntrnnotlogint - V.J.Prashar
 
ce. 
Eat African Institute oV Malaria rt Vertor-$orne Diaease, Amani, Tanzania

Director - Philip Weg#%, a: PnttmogO 1nt - John flayboldd. 	 Dept. Preventive Medicine, School ** Medlcino,, Unitv. Dar-ea-SalaamTanz. 
Senior Lecturer . Wences:laug Ktlea, 1'Lartnato 

e. 
naut African Inat. of Virua Research, Entebbe# Ugandn

Entomlogtatn Louis Mukvaynp 8. Sempala 
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Annex 2
 

i ]Tiomozygosity 
Translocation Hlizgst
 

Paul T. McDonald
 

A translocation homozygote strain has been Isolated and is being
 
established, The AT 1:2 t translocation derives from the irradiated
 
domestic strain CANGA. The translocation heterozygote is characterized
 
by a fertility of 30 percent and a pseudolinkage of 637/653 or 0.98.
 
In the first trials for homozygosity, the four females tested negative.
 
In the next trial, four females tested negative and one female positive.
 
In a subsequent trial, one of four females tested positive for homozygosity.
 

Once it was established that the homozygous state was viable for the
 
female, the next: stop was the production of males homozygous for the
 

, ­-translocation. ';ince the-trani§slcdat-ion was anm-lrinkc6no6 -the a ppropriate 
male crossover was isolated and from him the M-linked line was derived.
 

Once both sexes were produced as homozygotes, they were mated together
 
and a homozygous pure breeding line established. Because of difficulties
 
in the fitness (fertility and fecundity) several lines are in process
 
of being established and these will be mixed together in order to incorporate
 
as much genic heterozygosity as possible into the translocation homozygous
 
stock. At present 40 homozygous parents have produced only 55 homozygous
 
progeny in establishing the strain.
 

There is reason for great hope that this strain can be made into a
 
Sfit strain through proper manipulation. The fecundity of some of the
 

females is comparable to that of the multiple marker strain (86 eggs)
 
and in some cases the fertility of the homozygous females has been 95
 
percent when outcrossed and 83 percent when bred with homozygous males.
 

The transmission of the translocation has been determined from
 
various types of' mating combinations. The results to date are given in
 
Table I, This indicates that the transmission characteristics are favorable
 
for the possible use of this translocation in a control program.
 

The figure; on recovery of homozyrtes from the mating of two
 
heterozygotes (Table 1) are taken from the strain after it had passed

through the bottleneck of the homozygote. Once this initial selection
 
had been passed, itwas considerably easier to recover homozygotes.

Fecundity and fertility of the homozygotes have, in general, increased,
 
although they are not yet at an acceptable standard. Colonies of the
 
homozygote strain are being maintained at Notre Dame and will be sent to
 
Mombasa once they are well established.
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Annex 3
 

Releases of Translocations
 

Paul T. McDonald
 

As reported in the previous Annual Report, the decision to raise and
 
release a mixture of 50 percent males heterozygous for a single male-linked
 
translocation (AT 1:2 n @M) and 50 perzent males heterozygous for two
 
different sex-linked translocations. (AT 1:2,n @ M/AT 1:3 f @ m) was reached
 

in December. .The stocks of both translocation lines were multiplied as
 
quickly as possible and the multiple marker Africanized (NMA) stock was
 
also expanded.
 

The translocations for release worc both tightly linked to the sex-

Ii ed niaker wild -typo for -rust-eye. In- the7-caso-of-:the-ATA :2 n ~M 

rmanslocation, the pseudolinkage between the markers for the translocation 
(wild for rust eye and wild for spot abdomen) was 376/376 w 1.00. 
Accordingly, less than 0.27 percent of wild eye male progeny of a known 
heterozygote would be crossovers and possibly non translocated. Further­
more, less than 0.81 percent of wild-eye-male progeny of wild-eye sons 

of a known heterozygote would be crossovers and possibly non-translocated. 
This level of possible non-translocation introduction was considered . 

tolerable. Further analysis of the pseudolinkage of this translocation 
will permit a more accurate assessment of the non-translocation introduction 
in the releases.
 

In the case of the l:3f @m translocations, the pseudolinkage between 

wild type eye and wild type black-tarsi is 185/190 - 0.97. For genetic 

crosses, the presence of both pseudolinked markers is necessary to guarantee 

the presence of the translocation. 

Based on larval survival and egg hatchability data collected over the
 

preceeding six months, the scheme for production of the release males
 
was devised and space allocated in the genetics room and mass production
 

room. Table I lists the types of crosses set. To control the effect of
 
any contamination, every cross was set in a series of gallon cages
 
instead of a sngle population cage. For ease of handling, plastic basins
 
for rearing 200 to 300 larvae were uileo.
 

Genetic selection from the progeny of each of the four preparatory
 
crosses was required (see Table 2). For the pupal selection the staff
 
was quite experienced and new members readily were trained, The selection
 
-f adults was more exacting. The wild type black-tarsi and the mutant
 
black-tarsi phenotypes were often difficult to distinguish, especially
 

in females. The females of the multiple marker stock were all black-tars
 
mutants, yet the expression had come to resemble the wild type, illustrating
 
the probable occurrence of an evolution of dominance.
 



The genetic crosses were either set by the geneticist or under his
 
direct supervision. The adult progeny of each day's crosses 1, 2, and 3
 

were examined and checked for possible contamination. Two instances of
 

contaminated groups were:found, and in both cases the contamination was
 

edtminated before they could be used in other crosses, The checking of
 

adult phenotypes daily provided the critical control point in the entire
 
production operation, in the effort to avoid and contain any contamination
 
in the series uf genetic crosses necesuary for the releases.
 

Pupal salection alone was applied to progeny from crosses 4 and 5,
 
and this was done i, the interests of managing all the other work carefully
 
with the staff available. (Table 2) By avoiding the adult selections,
 
only a slight amount (less than 0.81 percent) of non translocation males
 
.would-.be-included-among-th, 
 .release-males.
 

As a final check on the quality of individuals taken for release
 
in the field, a sample was taken at approximately ton-day intervals,
 
and these males were mated with wild type virgin females of the strain
 

collected in the release village before any releases. The results are
 
entered in Table 3,
 

On two occasions the phenotypes of the release males were checked;'
 
and on both occasions, the mixture was approximately 50 percent of each
 
type of male.
 

*Snala Hearozygate. Double l18terozgote.
 

19 March 87 93
 

- June 29 24 

Furthermore, a sample containing 13 single and It double hetorozygotes
 
was mated with 40 virgin multiple rarker females. The results indicate
 
transmission from both types of inalou in equal frequency with 95 percent
 

of males carrying the M-linked translocation and 33 percent of females
 
carrying the m-linked translocation, bnscd on 101 progeny.
 

During tt, course of the releaor. a probln developed with the 
feeding of the larvae, and, until iw food was available, a considerable 
loss of the stocks occurred, In or ,r %.o augment the release males of 
the mixture, a second line was initiated for release, and this line was 
the expanded stock of the single hotoronygoto AT 1:2 n (H. This stock 
was released only uhen the number of males of th.nmixture was below 1000. 

Dusted males wore roleaneJ dt-ring the first six weeks in order that 
they could be identified in collections in tho field. Each day the group 
was dusted with a different color or combination of colors, for a period 
of ton days in A color cycle. 

The objective of the rearing schern'z was the provision of approximately
 

'000 males daily on a long term thai-I. Thu actual numbers of males released 

* and their colors are given in Table 4 for the period 29 Harch-14 May. 
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TABLE.3 

Quality Control of Release Males 

DATE CROSS 
9? X i 

HATCHABILITY 

11 April 

1I. April. 

CHIBARINI (60) 
x 

CHTBARINI-(25).... 

CHIBARINI x MIXTURE 
(60) (25) 

969/1046- 93% 

322/1021 -32%. 

22 April 

22 April 

CHIBARINI x CHIBARINI 
(34) (17) 

CHIBARINI x MIXTURE 
(37) (19) 

608/631 - 96% 

53/158 ­ 34% 

I 

I 

May 

May 

CHIBARINI 
(70) 

CHIBARINI 
(50) 

x 

x 

CHIBARINI 
(25) 

MIXTURE 
(25) 

756/829 

72/113 

a 91% 

- 64% 

16 May 

16 May 

16 May 

CHIBARINI x CHIBARINI 
(70) (25) 

CHIBARINI x MIXTURE 
(50) (25) 

CHIPARINI x SINGLE 
(50) . HETEROZYGOTE 

302/305 

162/456 

180/362 

= 997% 

- 36% 

- 50%/ 

!f 



Annex 4
 

Movement of Mosquitoes Between Villages
 

Paul T. McDonald 

- Studies on movement of domestic Aedes aegypti between villages have been 
completed since the last Annual Report. A total of nine releases were made. 
Newly-emerged adult males and females of the RABAI DOMESTIC strain were 
released in va,*ious numbers within and at measured distances from the center 
of Kwa Dena village. A sketch map of the area including the village is included 
as Figure l.,The release points located at 400 meters and 800 meters from the 
center of the village are also indicated on the map. The daily handing-biting 
catches were~ done-by two une-n, each -spending -thirty' miue'i ec-'f-h_1" 
houses of the village. 

The recoveries of the mosquitoes released within the village in the L-B
 
catches of the nine days subsequent to release are given in Table I.
 
Generally the recovery was quite good except for 1 December's release.
 
This release has been excluded in analysis of movements into the village.
 

The estimate of immigration was done as follows:
 

Number Entering = 	 No.Marked (Inside) Released X No Marked (Ouiside) Captured 
No.Marked (Inside) Captured 

Percent Released (Outside) Entering - No. Marked (outside) Entering 
No. Marked.(Outside) Released 

On the basis of the foregoing calculations, the percent released entering
 
from various distances from Rva Dena have been determined for distances of
 
200m, 400, dOOm for both males and femalts (Table 2). According to this,
 
immigration drops off sharply with distrnce, and 800m should be an effective
 

*distance for 	a barrier between villages.
 

The different directions of immigration has been associated with varying
 
levels of immigration, with the predominate immigration from the downwind
 
direction - (Tnble 3), The movement into the village was mostly from
 
the $W, opposIie to the predominating ,oonsoonfrom the NE during the period
 
of the release experiments.
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TABLE I 

RECOVERY OF MARKED MOSQUITOES WITHIN KWA DENA 

RPEEASE DATE MALES FEMALES 

9 NOVEMIER 73 49. 21% 

16 NOVEMBER 73 52%, 327, 

I D,CEMIER 73 l01 24% 

12 DEC EER 73 41% 32% 

29 DECFNBER 73 28% 21% 

11 JANUARY 74 53% 36% 

28 JANUARY 74 55% 3 T/, 

5 FEBRUARY 74 43% 34% 

14 FEBRUARY 74 59% 35% 



MARK~ED MOSQUITOES ENTERING KW4A DENA 

MAL ES FEM1ALEHS 

200 m 400 m 800 m 200 m 4 00 m 800 m 

V 55% 437. 

I 327% 17. 457% 67% 

1I 24% 17. 397. 107. 

VI 2 6% 

.VII 
Ix 0.3%. 

07. 

2. 

0.9% 

AVERtAGE 407. 1% 04. 427. 6% 0.71. 



TABLE~ 3 

MARKED MOSQUITOES ENTERTNG KWA DENA DURINO NE - MONSOON 

200 m 400 ni 800 m 

- = 

19 7. 10.37 12. 7 37 .5%05O. OX 

82% 62.37, 4371 3 314 0.8% 0.5% 



TABLE 4 

Release Males at Chibarani. 

Date Color Number* Death Released 

29 March PR 729 7 
30 , HY 900 2 
31 DR 621 5 
1 April 'DG 1086 12 
2 DO 1275 13 
3 DG, DR 777 7 St only 
4 DO, 1R 420 4 
5 RG, iR 228 0 
6 HG 708 4 
7 DY 795 35 

8 April HR 903 15 
9 ItY 1000 5 (1/2 D.H. mix) 

10 DR 1000 3 (1/2 D.H. mix) 
11 Do 297 25 
12 DO 444 5 Mix 
13 DGDR 288 1 
14 DGUR 417 5 
15 HOHR 1278 0 
16 110 1047 1 
17 DY 963 5 

18 April IR 633 3 
19 flY 0 0 
20 DR 420 5 
21 DO 624 4 
22 DO 291 3 
23 DGDR 402 4 
24 DOHR 657 8 
25 IT'HR 1326 92 
26 HG 1005 47 
27 DY 384 2 



TABLE 4 (con't.
 

Date Color 


28 April IR 

29 HY 

30 DR 
1May DG 
2 DO 
3 DGDR4 --....... ... . .. . . ... D G M] 


5 HCHR 
6 HG 

7 DY 

8 HR 

9 HY 


10 DR 

11 DG 

12 DO &DY 

13 "'-

14 ---


* 29 March - 8 April 

9, 10 April 


11 April - 14 May 

Number* Death Released 

858 16 
1005 4 
1005 27 
834 6 
804 29 

10001059 . . .. .. 147 . 29 ... ... ..... . ... ... ...... .... 

1140 9 
1200 3 
1002 8 
1005 9 
1590 9 
1200 4 
1020 25 
450 4 
1050 0 
1325 3 

Single M-linked heterozygotes only
 

Mixture 75%-25% Single and Double
 

Mixture of 50.-50. Single and Double
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TO: Office of Science and Technology

U.S.Agency for International Development

Washington, D.C. 20523
 

SUBJECT: Research Progress Report, Semi-Annual, AID/csd-3159
 

1. Project Title: EcologLcal Studies on Aedes aegypti in East Africa
 
Preliminary to Genetic Control
 

2. Principal Investigator and Contractor:
 
Professors G.B.Craigp Jr., and K.S.Rai and T.J.Crovello
 
Department of Biology
 
University of Notre Dame
 
Notre Dame, Indiana 46556
 

3. Contract Period: 3 years, 1 July 1971 - 30 June 1974 

4. Period Covered by this Report: 
3rd year, 1st half
 
1 July 1973-31 December 1973
 

5.-8. Fiscal Data: Not included in this report. See report for 3rd year, 2nd half. 

1). Narrative Summary - Accomplishments: 

The first half of year 3 involved continuation and refinement of ecological
studies, emphasizing dispersal, reproductive potential antd hab.tnt sclectton 
in Acde aegypti. A simple laboratory device was developed which allows behavioral 
segregation of domestic and sylvan strains. Marking studies showed that villages 400 
meters or more apart have little significant exchange of populations. Our field
 
study area, the rural villages in the Rabai area, continues to appear ideal, not
 
only for genetic control tests but also as a field testing area for other control
 
methods, i.e., hormones, mosquito pathogens, new insecticides. The villages are
 
small, isolated, accessible and have a large year-round population of A. aegypti.

Most important, the Rabai people are both hospitable and highly cooperative; they

continue to assist our operations in every possible way.
 

A major change in our strategy for genetic control was undertaken, specifically

in the chromosome mechanism to be used for releases. 
Although we have isolated
 
more tz.an 70 chromosome translocations, we have been unable to breed a stock
 
that has the translocation homozygous and is also viable and competitive. (This

possibility was anticipated in earlier reports.) Therefore, our genetic control
 
program will be based on release of double heterozygotes which cause high

sterility plus effects in subsequent generations. Thus, we are now aiming at

population suppression instead of replacement. Stocks with double heterozygotes
 
were constructed and put into mass production. A village-scale field release
 
will be started in the second half of year 3.
 

0 



Page
 

S0MIANTNUAI, RESEARlCH 11ORT
 

A. General Background 

Aedes aegypti Is well-known as a major vector of arbovirus disease over 

East Africa, iswidespread and abundant..most of the tropical world. In the species 
Even minimal control is not economically Cessible in most areas. To compound the 

problem, there are numerous behaviorally distinct populations within the spectes. 
and feedingIn East Africa, one population is domestic, breeding Inside houses 

on man, while another is sylvan, breeding in treeholes and feeding on other 

animals. The relative importance of these forms to disease transmission needs 

clarification.
 

In recent years, entomologists have been searching forbiological methods
 

to regulate vector species, in the hopes that such methods would avoLd both
 

insecticide resistance and environmental pollution. One biological approach
 

Is "genetic control" , the use-of genotir anipulation-toturn'a-spec t en against 

itself. While the use of radiation-sterilized males has attracted wide attention,
 

this method has had little use for mosquitoes; reduced fitness of irradiated
 

males makes the method impractical. However, there are many other ways of
 

methods of genetic breeding allow productioninducing sterility; sophisticated 

of males that confer sterility on their mating partners and yet are fit and
 

Chromosome translocations conferrrtng semi-sterility are particularlycompetitive. 
promising, both for Aedes aegypti and for many other pest and vector insects.
 

so directed.
This 	method requires field trials; the present project is 


B. Project Objectives
 

Stated objectives of this contract include:
 

1. Develop a study area for intencIve research on a population 01' A.aegyrti.
 

a. Determine absolute number and population fluctuation.
 

b. Develop predictive life tables.
 
2. Establish 10-20 replicate sites for later use in release experiments.
 

Monitor each population for at least one year.
 

3. Determine relationships between sylvan and domestic 
populations
 

4. Develop chromosome translocattons for use in genetic control.
 

5. Develop facilities for mass production of mosquitoes.
 
6. Make trial releases of lab-reared mosquitoes for methods development.
 

7. Conduct subsidiary research on bionomics,of other Stegonwla mosquitoes. 

8.Develop a major research component, the Mosquito Biology Unit (MBU) 01 

the International Centre for Insect Physiology and Ecology (ICIPE).
 

or African scientists and technicians.
9. Provide training opporttmwttles 
10. Serve as a mechanism to assist in strengthening the East African 

Community by affiliation with research institutes and universities. 

C. Continued Relevance of Objectives
 

After 2.1 years of operation, it Is evident that the original objectives
 

(See Project Statement of March, 1971) were reasonable and can be obtained.
 

The funding and the three year period were adequate for"Ecologtcal studies...
 

preliminary to genetic control". Additional time and funding is required to 

test 	the genetic control concept. Ideally, an additional three years at the
 

level of support should be provided. However, some progress could be made
 same 
with one more year at higher fundil,. 0 
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1). 4-,Accoiii, en L ot,date'3h w 

1. Description of Faclitles 

No significant change ;IrCu lust reporL. 

2. Research Findings - Ecology 

In the past two years of' evoloilcal research, we have learned enough 
about the situation of' A. aeRj t on the Kenya Coast in order to embark 
on genetic control experiments on a village and even location scale 
(Annex 10). Several important and interesting ecological problems still 
remain 

a. Estimates of larval survivorship and speed of development
 
b. Estimates of fecundity and fertility 
c.(unft'iie rahr-a qualitative descr'iption 'of dispersal -

d. Quantitative estimate of' gene flow between domestic-peridomestic 
and peridomestic-sylvan A. aeWti. 

In the past six months, experiments were conducted on all four of these 
problems. 

Attempts to estimate survival rates and speed of development of 
dometlce A. i1 larvae were not as successful and informative as 
desired (inex I). owever, Lhoy demonstrated that tntraspecific 
competition was the major factor accounting for larval motality and a key 
factor In in the life table bu(get of domestic A. aegypti populations. 

Fecundity of domestic A. aeg2 in the field was measured on the 
basis of number of eggs per f'emale and per day (Annex 2). Combined with 
estimates of the absolute number of females per village, accurate estimates 
of the total daily egg production in a vilage are feasible. A second method 
to estimate the egg production of the same village d.rectly was also 
developed. This pcrmits an independent check on the validity of the 
of the estimates of absolute numbers of' adults made by mark-release-recapture
methods (Annex 2). 

New experiments on the anouut of dispersal and the amount of 
Immi.gration Into a given village have established a fact that we previously 
suspected (Annex 3). Dispernal ictlvity depends very much on the local 
setting, vegetation cover, tle proximity to other villages and also wind 
speed and direction. If' there are other villages close by, i.e., within about 
200 metera, the exchange oV Wiet domestic A. aegZpti between villages 
may muount to up to 50% of the respective village populations. This exchange
drops steeply if the distances o beyond P00 meters. However, we feel a 
strong need for additional dispersal studies in different settings. 

Attempts to measure the mnut of gene flow between the domestic and 
perldomeutic forms and between peridomestie and feral or sylvan forms had to
 
be abandoned. It was planned to us.s different genetic markers for these 
ratirlies, Africanzatton of the mirler o Lcks was more difficult and 
t tiee-contiuming than orinal . eritOUvted. 

[lot preference ntudleu isdttiitad by Consultant Dr. Milan Trpis in 



1)an olfaiil.tometcr nrit by Dill. VmFl1~ii i i I'teitleu were cocnt-.mu 1 (Atmox 

Agi in, the (lark A. ~ tp'n~ppio~~vo1 i a h nrt v
 
=a biter the rleltcl iw wel 1 mnid .­1.11 ctl('%I ~~In the dlomeu Lie pev Ldow(te 

The blach A. u~~c CormIo!-mo ot' nylvan orit-gin it rclutllt.m to tv 

man, while the domes3ie kW~~L wast !ntormutltntu 1.n I 0iA. 0!type forri 
agrreostvoneos. It waB ret-_markInb1! fh~tij, a fiecond Strafn of A. aegypti Vormonuo 

froin 	 a forest In M1~hopina howued Laletily the same reluctance to bt
 
as our local sylvan ntrain.
 

Tho stiieo oni hibttt ;oIeHon Initinted by Dr. Trpis were continued 
in a newly developed oage dvvice r1iultting the conditions of the perldomeatkc 
and domestic Imbitat and fi rcvhk.* the movquito to select one of the two habittats. 
M1any different ntrins 0:1f dme Lmc-t sylvan origin were tooted in this cage 
(Annex 5); results :shorwg.d it olcwrcut JVTff.ere, thus allowing behavioral 

nppenrtng type form in color, (Ii0 not. show tL ear preference for mie habltt,
 
the~ othe-r A; i mynirUt Vi' ~h o v" pr1 roes antI ip Cnot '.(- lmfalyut
over 


of haI~tat seLcti will be :arr4- )W, liitcv a modified verstcin ofti
 
"Ivoiiqu Ito N-4hnivior F'ractkmoc~ter" ~rm ~d
 

3. fleomirch tunlff u f~k 

lWring: tho Prati.,;1n' ~A~~ .~1 uit ~ig
 
Wn 1413U'c gonet~ic Cr .trto . dtob mo. For thoia tire niot
1 1,a(ryb reasona 

oritirely clear, It provedl to 11!1 mo 1ifflc(:ut to obtain tran attovo iv
 
thre holnozygou= eonlilt1tol, "hcsri ,,- 10cc fytted. %Althcsighwe had nio
ii.v 
dif[ficulty in proavliie ari r, otroyg)1 tLruim~loet t,f~it, r nuy chrom5olfl 

we could breed only t !*ew ot' :tootcmozygolta 4110 ot,
(I~ Condit Ion mone Ihc'ne 
tu fit enouLmh 1"1 froi~ whenito e.abt~th 1 t field populat ioao re Iu~d
 
Thto discovery,j Iwpfi cc u1ltoether utnexpected,
to~, wn#, not Di 

earlier reportas we hwdl(iIU le'utV approachien !f~oe 

couldI not b~e Obtalne( . ;f ot Ill qete ( 4?pprou(-b to h ghly icrltorlo 
and dlocrves ftrthf.-r rnrh tir. , Vhc corrvct cllromosom inomibtnatl ,n i,, 
probably it funtirtr ol' tllw o rv~iih (,mtc,% the theorettvnl varue,
 
or m.1011 (I medlini rm, the c- wIio*ppcIFIr~fdej Iv t i5 jo1, (o
 

man-yers)1 sgron( ~ cMi~~
 

The progra) I t, i i~tI'rw Y r1,11j]lotirln Tjt~prqtrTtl In Ona rte11bl 

hotr'zyi~otou, rath#.r tht ~V p~cmr c ''li e tllmr WitVit
 
A 1ar
hoFKoZygjOtC. T1ti.2cOi c % o.IvoleetJcr~~Oe~~eical l 

to P~ cr to~ areInduce lip 4 ir II!i i ci !,~Ilnt ion, p~rovIided 0m,:' 

coipLItet l tnro*Trvlon; eh 01
 

Tw~o ncheneo fl)?' !)I" f,.c ' 	 hcrt ~. yr~:,d4tiitloo lmvtl teen 

deeopd Onet ofi h&. 'yl 0 ho!cxvii nhed tir b)o'utlof trari in:~ i4hr 

a iIo -ic' mr Ii o-he par ty~miit r ivTh li 1 1tc' 1:&' _('Y 11Itr t osit Io 

itnI rti . iotbi, d hir- io m o"' ,.rvoral. keni-rt onri, of 
etcnn-s be'Q' th tinIo fT~ie ho r~tA1oc1 WFprodi-t 1i 

maitri ri av 	 ;- WsI ytu1y.1o n~t~ptrart I W1 h z fti2i 1o 
I 1r42n ~001 "'Y 



Several lines wlth trm.aoeoaron. £nvolvivt the sex chr somom are still 
maintained and are presently boiw,, tefted ror M-lnkage, ie., linked Qlosely 
to the atle-determinLng, allele. If ttuh a hi-linked translocatton heterozygote I 
I'ound, It will be used for the prodoto4.ou ofr vlewauie nles (Annex 6). 

The mnac production Iaei11tty Iu III t'nl atuges ot' preparation., Our 
release experimenti are ined at contiWnuum dafly releaoce of comprattvely
small numbers of adiilta into 4eirly lnolated poplulatons. The conttnuoun 
daily proltioio of tioat 5000 adtults of both sexes hn been envisaged. Such 
amountr -. mass but they are within the capabUtlecre not tru! production, 
of I.-T4. Prelltrnmry tr ldn of ia t r,-lcttn or rndults of a normal strain have 
shown no great dfficultfet, lowever, the production of double heterozygote
rmiles for extendol perfodfl w1ll qidrr matntenunco of' three addittonal stralno, 
two dt'rjnt rienl+j l tr'n orinae stroi for tU-t erosses. DLnce the 

. .	 ferttllt.y kW the+ phre8 +tl,-,=nd oof -theofdu'o- dirC-our release 
mAles W)i 1te reduced, It is not at the moment certain whether the production
goal of 5CO adultn per day rAn be achieved. Pxperizonts toward this end 
will b@ carried out ms toon ai tiio Tmrntil utrains are available (Annex 7o 8) 

4. 	Relevarnce of Reneareh FindfwAo 

ii'C 
vectoro, the use of chroi.T9-) proposed by Berebrowakt (194O) 

'AsjW; the nfunl ',An "-i, g enot1c control of' Insect 
toninocttmu 

and Cuz'tis (1968) tho met nt. reuulto of on A.to -ni The our research aamtt 
have advance4 oubstantiolly the unmeratandi% Ofr the control potential ofr 
translocations in tquitoee. 

a. The faiu"o to pro ucr. ii zingl homotygouj tranolocatton strain of 
stifrictent fertl~lty t+r ro-Imtnes ham made evident that we still do 
not )viov vwxwh t ~oI- it, tl ntktUro or translocations. On theoretical 
Crun(ds, thr effort i-' ihcwi1. haey€ been sufficient to produce at least cwne horvefyc1",e )y ereflyI aceptable hypotheeis on the nture 
of chrcw*onmo trunswant i; annuioe*n advanced today to explain why our 
efforts failed. rn 41) probtbltl'y, an entire now approach to the 
pro4actton or h tarsn)neatlon hoozyroteo In moqultoes I 
reqluired. 

b. 	 MattInly'. re r t c-, (/' T I, -6y) that more eforts 
b4, :Yado to i sp of I'leld porulations, especiallytd1te~I 
WiV, rvprd to b'01-oIvrw t 0 f ti, I '4 4onM follwe,4 As 4 result, 
te evtroi 1t qd'A ,- c-, for the evolutionI1 nit~ roepon.0ble 
or t #Inomleal s Or l 4|'tt Porilattons'jIiy r@Vt 	 are today 

c. (Ar Inv sV1at1I! + ! *vt*++:oly it" A. on the Kenya Coast 
h.ave 	 +..nrtrmrit reor or habltnto knwn to 

~~~ tqi, orw. iu#4.1yj the mp'eiw to frsiaunte4 

!ntrea~nII.1)~u4 	 t ~l nlllo!f vaulscf ir tOw$# 

iR;,rtant,, '4o , ,i i, tfie Jqpolopi, g vorld Wtlo 
"onst aritiy -,#Wo -t- ai? W!1! rIeV Qr mrttties or explottation 

11Y i -t t, 1C14 this 41pe, lam=,it+ 14 	 s** 

M~~~~~U~'Ath ~P ~ {4#,#iA'I". r )Uivlor 

bftnsItrt',Ni 4-1 rorene wOMnor. 

http:chroi.T9
http:prodoto4.ou
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5. Modification in research design
 

Since no suitable strains with tranlocation homozygotes have become
 

available for releases so far, our releaee plans have changed to the release
 

of double hoterozygotes (Annex 6), With this our aim has changed from
 

population replacement to population iuppression, which warrants tile
 

continuous release of large nutbers of males instead of smaller numbers of
 

both sexes. We expect that our f cilities for continuous rearing will
 

suffice for rho daily production of about 5000 adults or 2500 males. This
 

means that we will be able to cover at most two villages with releases.
 

The releases are planned to begin in March and to vontinue until the
 

beginning of the rains expected for late April.
 

Our original release plan called for releases in four villages. In two 

of those-vill ages- t-nativoppu lt-ions -ould Iave been --removed-by.. 
conventional control and substituted by horozygous translocation populations. 
Since this will not be possible with doublt heterozygotes, our release and 
monitoring program will extend over six villages (schedule attached). 
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6. Outline of activities of the last half year 

The last half year will be devoted entirely to the one extended releale 
of double heterozygote males and the writing of publications. The preparation
 

for the release will take until the end of February, The release will be
 

carried out continuously through March into April until the rainy season
 

starts. No field experiments will be made after the end of April unless the
 

proje t is continued for a fourth year.
 

E. Dissemination of Research Results
 

1. Visitors
 

Among MBU's visitors of the past six months the following were
 

particularly beneficial and stimulating to MBU:
 

a. Prof. Theodore Crovello, a biostatistician from the Department of Biology
 

rt the University of Notre Dame. lie advised us with the planning of
 

the last year of the project and has taken on the task to develop various
 

release strategies and to test them by computer simulation.
 

b. Dr. Louis G. Mukwaya, entomologist of the East African Virus Research
 

Institute in Entebbe, Uganda, Dr. Mukwaya stayed for more than a week,
 

to familiarize hmself with-the A. aegypti situation of the Coast, which
 

is different from anywhere in Uganda.
 

c. Dr. Richard 1H.Baker, mosquito geneticist from the Pakistan Medical
 

Research Centre in Lahore, Pakistan. Dr. Baker stayed for two days
 

and accompanied us on field trips. Dr. Baker expressed his hopes to embark
 

one day on genetic control of Culex tritaeniorhynchus, a major vector of
 

Japanese encephalitis in West Pakistan.
 

d. Prof. Franz Huber, ICIPE Director of Research from the Max Planck
 

Institute in Seewiesen, Western Germany, stayed with oir Unit for three 

days and also visited our field sites, lie has expresseo his interest 

in our studies on habitat selection by A, aegypti and agreed to advise 
and assist us with his expertise on insect orientation.
 

e. Dr. Leroy Williamson, the newly arrived Director of the USDA-USAID
 
sponsored tsetse research project in neighbouring Tanga, visited us one 

brief afternoon. We discussed briefly the goals of our projects and compared 

working conditions and cuncepts. Dr. Williamson insepeted our 

radiation source and informed himself about our arrangements concerning 

safety and monitoring. We hope that closer relationships with the Trnga 

Unit will develop in the near futiure, 
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2. Travel of MBU Scientists
 

In the past six months all three M.BU scientists spent some time
 
visiting other research insitutitions and attending scientific conferences.
 

In August Dr. McDonald combined his visit to the United States with an
 
invitational visit to the WHO / ICNMR Unit on genetic control of mosquitoes
 
in New Delhi. His report is attached as Annex 9. As a major result of this
 
visit our release plans have changed from a first release of translocation
 
homozygotes to double heterozygotes. It was further agreed that the two
 
projects would exchange their reports and share closely the information and
 
experience gathered by the two projects. We now hope to learn from the outcome
i_i~i fkthe _reeleases, of--transiloca ti on..Ileterozygo t es - in..th e.New-UDelhi-fil d site s 

before we start with our releases in March.
 

Once in United States Dr. McDonald attended the 13th Inte, -tonal Congress
 
of Genetics in Berkeley. lie took part with a slide show in a discussion group
 
on teaching and research in genetics in developing countries. Discussion
 
leader of the group was Prof. Reuben J. Olembo of the Univefrsity of Nairobi,
 
who had taken interest in our Unit since its beginnings. Dr. McDonald also
 
spent one week at the University of Notre Dame, where he gave a seminar on
 
the research achievements of MBU.
 

In August Dr. Fanara visited the research detachement of the US Naval
 
Medical Research Unit No. 3 in Ethiopia. Contacts were made with the mLdical
 
entomologists P. Neri and L. Sholdt and valuable information gathered for
 
comparison of the behaviour of domestic and feral populations of A. aegypti
 
in Ethiopia and Kenya.
 

In October Dr. Hausermann attended the 9th International Congress on
 
Tropical Medicine and Malaria in Athens. lie contributed an invitational paper
 
in the section vector control, The topic of the paper was: Population
 
dynamics of Aedes A yti -in East Africa in view of genetic control. The
 
paper is attached as Annex 10, With great satisfaction it was noted that one
 
of the congress resolutions expressed the need for in depth studies in
 
ecology and population genetics of the most important vectors of disease.
 
Even if the ideal of genetic control of pests and vectors has so far not many
 
successful campaigns to Its credit, It has at least provided strong stimuli
 
to study the ecology and genetics of the major disease vectors on the
 
population level. The visit to Athens was followed by a brief visit to
 
the section Vector Biology and Control at W4O headquarters in Geneva.
 
Unfortunately Dr. Pal, who originally had suggested this visit was absent
 
in India. However, a very fruitful and stimulating discussion took place
 
with Dr. Arata, the ecologist of VliC. As a consequence of this discussion
 
Dr. liausermann was asked to contribute his conmients to the WHO Stegomyia
 
survey program (Annex 11).
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3. List of visitors to MBU July-December 1973 

Prof, Th. J. Crovello, Department of Biology, University of Notre Dame 

Notre Dame, Indiana, USA 

Prof. Jan de Wilde, Department of Entomology, University of Wageningen, 
Wageningen, Holland 

Prof. S. M. Smith, Department of Biology, University of Waterloo, 

Waterloo, Canada 

Prof. D. Schneider, Max Planck Institute, Seewiesen, Wes-ern Germany 

se a s e s , ,- e n y a ­- B r n
 -.....
7hi oebeOmam-o, - Division -ofVector o e -D il 9BNair obiF K aMs. 


E. A. Virus Research Institute, Entebbe, Uganda
Dr. L. G. Mukwaya, 


Mr. R. Lubega, Tropical Pesticides Research Institute, Arusha, Tanzania
 

Mr. W. 11.Obudho, Tropical Pesticides Research Institute, Arusha, Tanzania
 

Port Health Office, Mombasa, Kenya
Mr. E. Chipanga, 


Ms. N. Donovan, ICIPE, Nairobi, Kenya
 

Mr. B. Berry, ICIPE, Nairobi, Kenya
 

Prof. S. Takahashi, 	 ICIPE, Nairobi, Kenya
 

Dr. R. Baker, Pakistan Medical Research Centre, Lahore, Pakistan
 

Prof. Th. R. Odhiambo, ICIPE, Nairobi, Kenya
 

Mr. M. Atashili, ICIPE, Nairobi, Kenya
 

Mr. P. Orawo, ICIPE, Nairobi, Kenya
 

Prof. and Mrs. F. Huber, Max Planck Institute, Seewiesen, Western Germany
 

Dr. and Mrs. M. Kaib, ICIPE, Nairobi, Kenya
 

Dr. Fidelis Ogah, ICIPE, Nairobi, Kenya
 

Dr. and Mrs. L. Williamson Tsetse Research Project, Tanga, Tanzania
 

GEIGY LTD,, Basel, Switzerland
Dr. H. P. Striebel, 	 CIBA -

Mr. R. Russo, 	 Department of Biology, University of Notre Dame,
 

Notre Dame, Indiana, USA
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F, Malor Events
 

Staff
 

October 1973 saw the departure ofT Dr. Dean M. Fanara, tho MflU ecologist.
 
Dr. Fanara took up an appointment with the WHO Vuctor and Rodent Control
 
Research Unit inDjakarta, Indonesia. Since this project is approaching
 
the end of its present contract period, no new appointment was made for thle
 
remaining 8 months.
 

InNovember M'BU was joined by IUhWP-ICIPE sponsored Dr. Fidelis Ogali from
 
Nigeria. Dr, Ogab is a population geneticist with a Ph.D. from Cornell
 

the genetic diversity of the Aedes aegypti populations in our study areas
 
before, during and after releases of genetically altered mosquitoes.
 

Following a suggestion of Professor Odhiambo an exchange program for
 
ancillary staff was initiated between ICIPE Nairobi and MBU Mombaoa. The aim
 
of this program is to extend the experience and knowledge of the loU ancillary
 
staff to other ICIPE target insects and to further the cohesion betwe%.n
 
...U and ICIPE staff. As first participant in this program Miss R. Chesao 
spent one month at aCIPo During this time she familiarized herself with 
rearing techniques for tetse flies and ticks, but had soon to replace a 
regular ICIPE insectary assistant who was absent on leave. In future 
more effort should be made that participants of this exchange program are
 
also assisting inactual research work of selected research scientists.
 

From May onwards Mr. J. Mwandandu, one of our field assistants was
 
used additionally as driver "ofone of our field vehicles. This proved to
 
be a great relief for the scimetists since some of the transporting and
 
collecting trips could be delegtad to him. fowver, on September 25, we 
nearly lost our assistant cupm driver, winle our oldestrLandrover was 
completely destroyed by fire, Mr.lwandandu fufferd serious second degree 
burns and had to be hospitalized. Luckily he has recovered totally and is 
back at: work since the middle ofpvember. Tho cause ofthe fire was 
the apparently spontaneous ignition of a bottle of ethrsisch was brought 
out to our field laboratory. The bttle wav transported under our routine
 
precautions, placed In a plastico coutainer on the front seat next to the 
driver. The cash refund for the actiual value ofthe lost car from our 
insurance in expected in the near fturo. 

Equipment 

No large equipment purchases were ido.eo otsa ett h
0rcuinpae nspatcc~rie nte 

0. Not included in this report.
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1.The population dynamics of larval Aedes aegypti -Raymond J. Russo
 

2. Fecundity of domestic A. aegypti popuilations - U1ausermann 

3. Intervillage movement of mosquitoes - McDonald
 

4. Progress report - Fanara
 

5. Studies on habitat selection - lausermann 

6. Translocations - McDonald 

7. Mass Production -I -McDonald
 

8. Mass Production - II -McDonald 

9. Visit as temporary advisor to WHO/ICMR UWiit, New Delhi, India - McDonald 

10. 	Population dynamics of Aedes gypti in East Africa in view of genetic 
control - Paper given by 1lausermann at Int. Congr. Trop. Med., Athens 

11. 	Comments to WHO computer survey of Stegomyia mosquitoes - Hausermann 



TIMEDIATE OPENING 

PhD - ECOLOGICAL SYSTEMS ANALYST 

AN EXCITINQ OPPOF1UNITY FOR A DYNAMIC ECOSYSTEMS ANALYST WHO 
WISHES TO
 

COMBINE -THEORETICALAND ACTUAL FIELD APPROACHES.
 

A COMPUTER MODEL OF THE POPULATION DYNAMICS OF THECONSTRUCT AND EXERCISE 

MOSQUITO, A AEGyPTI, AS IT OCCURS IN COASTAL VILLAGES IN KENYA. EVALUATE
 

DIFFERENT INTEGRATED CONTROL STRATEGIES ON THE COMPUTER TO 
HELP FIELD WORKERS TO
 

DETERMINEOPTIMAL CONTROL METHODS.
 

For the past three years, the United States Agency for
PROJECTBACKGROUND' 

research in Kenya and at the
 

-- InternationalDeVelopment-(AID))has-supportedbasic 
 AJESAEGYPTIIN EASTECOLOGICAL STUDIES 'ON
University of Notre Dame entitled 
 - the Swahili word
 
AFRICA PRELIMINARY TO GENETIC CONTROL. This project 

(called 


for mosquito) is one of several carried out with the 
cooperation of the International
 

Center For Insect Physiology And Ecology (Nairobi) and the Vector Biology 
Laboratory
 

(Notre Dame). Sufficient field experience and data 
have now accumulated to warrant
 

controlled releases of genetically defective mosquitoes 
whose effect remains in' the
 

population for more than one generation (e.g., 
by the release of translocation
 

heterozygotes). Preliminary results indicate that population 
fertility has been
 

reduced from 98% to 50%. Currently, MBU involves four PhD'sa, both American 
and
 

African, and eight laboratory and field assistants. 
Support personnel at Notre Dame
 

include Professors Craig (mosquito biology), Crovello 
(computing, systems analysis)
 

_ 

and Ral (cytogenetics and release of chromosomally 
modified mosquitoes). MODABUND,
 

the 340000 computerized mosquito reference bank was 
created at Notre Dame and is
 

available to MBU personnel for searching. Notre Dame has excellent computing
 

IBM 370/158 virtual memory configuration. Dedicated
 facilities, centered around an 


keypunching and secretarial service are available 
to the project at Notre Dame, as
 

are simulation compilers. If not, we will buy them.
 

The main task ts to complete a systems analysis of 
the
 

JOB RESPONSIBILITIES: 

population dynamics,of village populations of Ades 

aegypti before control AND to
 

to it to determine optimum release strategies.
design a "release modtle" to add 


(or she) also would consult with PhD personnel 
in Kenya on the statistical design
 

lie 

and analysis of releases, of their monitoring and of 

related experiments.
 

JOB LOCATION: After an orientation at Notre Dame, the successful 
applicant will 

locate at MBU headquarters (a beautiful old estate on ther Indian Ocean) in Hombasa 

for several weeks. Here she (or he) will gain familiarity with the project, with
 

the way data are collected, and with the ecosystem 
to be modeled. You would take part
 



suggest changes inmonitoring, data accumulation, etc. * 
inongoing releasos and 
 .
 
In short, the SYSTEMS DESCRIPTION, up through the systems 

diagrams and equations 


(but not the evaluation of coefficients) is scheduled to be done in Kenya. The
 

programming, exercising, etc. will be done at Notre 
Dame. The total time spent
 

in Kenya is somewhat flexible. A valuable byproduct for the successful applicant
 

will be discussions with World Health Organization personnel 
at WHO headquarters
 

in Geneva, etc. Such meetings can serve as an excellent 
introduction to health­

related ecosystems activity. Publication of results is 
expected.
 

A PhD completed by September 1974 is absolutely essential.
 JOB qUALIFICATIONS: 
 a Postdoctoral Fellow.
 
The appointee will be given formal status at Notre 

Dame as 


Preference will be given to applicants with actual 
computerized ecosystems analysis
 

experience in all phases, including programming (applicants 
will be responsible
 

for-their own programming). We prefer experience in 
population dynamics (versus

t

-d bibiostatstics Lessimportantj but -des rabl...
 

nutrient cycling, etc-) 

IBM 360 or 370.
 is experience with Diptera, pest control and an 


If you are interested and are a dynamo, please send 
curriculum vitae,
 

transcripts, three lettorb of reference, phone 
number, etc. to
 

Professo Theodore J. Crovello
 

Department of Biology
 
University of Notre Dame
 

Notre Dame, Indiana 46556
 

Gffice Phone: (219) 283-7031
 

   
 

an affirmative action, equal opportunity employer.
Notre Dame is 


The position is for at lrast one year, beginning 
on 1 September


NOTE: 

1974, or as soon thoruaftor Do 1)osstblo. If the proper person cannot be
 

found immediately, the job will be kept vacant 
until we succeed. Crovello
 

,ill be in Venezuela, hence unavailable for discussion, 
from 20 July to
 

25 August.
 

PEACE ON EARTH
 



V 

VECTOR BIOLOGY LABORATORY 

DEPARTDIENT OF HIOLOGY, UNIVERSITY OF NOTRE DAME 

The 35 people at Notre Dame who work 
on mosquitoes are organized into the
 

Vector Biology Laboratory. First initiated in 1957, the VBL contains 
people having
 

widely diverse interests, from molecular 
biology to population biology, yet 

with
 

This multidisciplinrSY approach
 
all concentrating on the same group 

of organisms. 


to moseuitoes has been synergistic,
 

Components of the VBL: 
•
 

1. World Health Organiatifon International 
Reference Centre for 


Over 30 specien and 150 strains of mosoitoeoare 
ma intaiiied--


Emphasis is on Aedes aegypti, with 
standard strains, geographic
 

variants, inbred lines and strains 
with up to 8 genetic markers.
 

This material is available on request 
to interested research
 

workers.
 

2. Mj D 

In the Mosquito Data Dank, the recent literature 
on mosquitoes,
 

references on mosquitoes hav
 has been computerized. 34,000 


been taped, covering 1940 to the present. 
Computerized key
 

word searches allow rapid preparation of bibliographies.
 

3. Training Program in Moscuito BioloMy 

An NIH-sponsored Training Program is devoted 
to the production 

new PhDis able to apply aspects of 
modern biology to the
 

of 
traditional fields of medical entomology 

and parasitology.
 

Mosquito-borne pathogcets 	maintained 
include Plasmodium 

.rithidia fasciculata, Brugia pahangi, 
D25LlarE& 

sallinaceum, 

imatis 	and Folcyella seasOnalis. 

4. Laboratory Research Prurams 

a. Formal Can-tics - Craig 

b. 	Cytogenetice - Rai
 
- Fuchs, Craig
Reproductive Biology
c, 

-	Crovello, Saul, Craig
d. Population Biology 


4. systematics - Crovallo
 
- Fuchsf. Biochemical Studic 

- Craig
g. Behavior Genatics 


5, Field Research rPrc-i 

of sdas aegypt .
crtLcal atotuios
a. 	Mombana, Kenya: 

Preliminary to Cenatic Control (WithAID 

& ICIPI)
 

Delhi, India% Go:'tic Control of Culex 
fatinan-sand Aedjs 

b. 	
aegypti (with WUO & ICHR) 

c. U.0.D. Environmental 	Ptesoarch Cantr, 
Cogsebic Co., Upper Mich.
 

Research supported by Rational Institutes 
of Health, Atomic Energy Commission,
 

for Inter-
Communicable Disease Center, Natonal 

Science Foundation, U.S. Agency 

national Development, United tFtiono 
Development Program and World Buaith Or. 
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Annex I Page 1
 

WThe population dynamics of larval Aedes aegypti
 

Raymond J, Russo
 
(N11 Trainee in Mosquito Biology and Graduate Student, Univ, of Notre Dame)
 

A key aspect to the population dynamics of any insect species is larval 
development rate, For a species like Aedes aegypti where most of the mortality 
occurs in larval stages, a larval life table is of upmost importance, Many 
investigators have built larval life tables of A, aegypti tinder laboratory 
conditions (Trager, 1937; DeMeillon, Goldberg and Lavoipierre, 1945; Christophers,
 
1960). Few investigators have attempted to build life tables under field
 
conditions (Southwood et al., 1972; Trpis, unpublished).
 

During he-sumner- of--973 -spent sixweeks with MBW to investigate 
questions of population dynamics. Dr, Ilausermann pointed out a series of 
experiments which would lead help to clarify the complex picture of population 
dynamics in indoor breeding Aedes aegpt. This is a report of that set of 
experiments. 

Materials and Methods
 

Experiment I - larval development rate 

This experiment sought to estimate the mean larval development time of 
indoor breeding Aedes aegypti under field conditions. Dr. llausermann noted that 
over several years of olling at A. aegypti from Rabai Location that he had 
not seen any A. aegypti with the abdominal mutant Sg in homozygous condition. 
Since the allele was encountered occasionally in heterozygous condition he 
developed a homozygous strain from selected heterozygous individuals. This 
strain could be used as a marker strain for field releases without being 
genetically too different from the local population. Before the .field 
release, both the marker strain and the wild strain should have been compared 
in the lab controlling the concentration of food and ratio between strains. 
However, my time in Africa was limited there so we decided to compare the 
strains in the lab once I returned to Notre Dame. A field release was planned 
involving the placement of 50 genetically marked first instar larvae into each 
of 80 water pots in two representative villages in the Rabai area. We would then 
return daily and remove all pupae, As they emerged they were inspected for 
the mutant Sa. Since they were all released simultaneously we would get an 
emergence distribution over time from which we could calculate mean larval
 
development time.
 

As a byproduct of this experiment, we were able to datermine the
 
frequence at which the water jars were cleaned. This cleaning operation would
 
be considered a catastrophe to the mosquito population for all individuals
 
In the cleaned jar were dumped out.
 

0 
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Experiment 2 - Laboratory comparison of marker and wild strains 

Once I returned to Notre Dame I proceeded to compare the mean larval
 
development times of the S9/S8 and the S+/S + strain under varying food 
concentrations. Each strain was grown by itself and also in a 1 to 1 mixture
 
with the otner strain. The density in each pan was held constant and the
 
feeding patterns were as follows:
 

A I - 20 ml of liver powder voln, on the first day 
A 2 - 10 ml of liver powder soln. on the first day 
A 3 - 10 ml total; 5 ml on first day, 2.5 ml on 10th and 13th days
A 4 - 7.5 ml total; 2.5 ml on Ist, 10th, 13th days 

Each combination of food and method.grown-had two-replicatea.. 

Experiment 3 - Determination of common ago distribution 

An essential aspect of population dynamics is the age structure of the
 
population. Although adult population numbers have been estimnted for the
 
Rabai village, the determination of age structure of the larval populations
 
had not been made. Over a three week period beginning June 4 to June 23, we
 
collected larval population by emptying the water Jar through a plankton net. 
The mosquito larvae were separated into stages and counted. Measurements were 
taken on the water jars so as to classify them by sie of water containers.
 

Results
 

Experiment I - Larval development rate 

The releases of first instar sg/.qg larvae went as planned. A total of 
4000 genetically marked individuals were divided among 80 waterpots (50 larvae
 
in each pot). The collection of pupae was continued for 32 days after the release.
 
Unfortunately, the recovery rate was much less than expected. Only 21 marked
 
individuals were recovered. This low recovery can be based on two factors: 
1) During the time of the experiment the families whose pots had been selected 
as experimental containers were to proceed as normal with respect to their 
water Jars. Many families regularly clean their water Jars thus eliminating 
our genetically marked populations. 2) The other possible factor to cause the low 
number of mosquitoes recovered is larval mortality due to competition for food. 
Our genetically marked first Instar larvae were at a tremendous competitive
 
disadvantage when placed in a container having older and thus larger larvae.
 

From the 21 individuals recovered we can estimate the mean length of

larval development to be 15.04 days t 7.36 days. flowever, by careful 
examination of figure 1,. we see that 57% of the marked individuals wore 
recovered by 11 days after release. The remainder of the marked individuals 
were spread over the 20 remaining days. Ifwe calculate a development time 
based upon this first group which came through, we would get 9.5 days ± 1.38 days. 

0 



The second accomplishment of tids experiment was the determination of 
the frequency of pot washings in a village at this time of the year. Figure 2 
shows the number of pots remaining tnwasht-d each day, From this we can calculate 
the average number of pots washed /Ony and estimate the minimum length of 
time till a pot is washed. The averare mnmber of pots washed / day was 97 t .92. 
The minimum average length of time till , pot is waahed was 11.91 days 6.98 
day. 

Experiment 2 Laboratory €ompr ntn ot marker and wild strains 

The results trom the coivparison ti SAiS9 and f+/S+ under varying food 
conditions in the laboratory. Mean length of time for larval development in days. 

Fod .contnt raton-

Ai A? A3 A5
 

+S /5 alone 5 6.27 6.50 8.03 

Sog! alone , 6.70 7.43 12,695


S /S+ mixed 5.7 6.25 8.90 9.85
 

mixed 6.0 6,.75 6,82 10.27 

Iiy romIf we use multiple ' I tatio *a wescribed by Kirk (,968) 
to compare the mean larval develo riemt time of S IS alone vesus Sg/S alone 
at all food levele, we find a signiftlvei difference at food lovels A 2. A 3 
and A 4. When we use the same tet .- i omprare mean larval development time oft 


toed levels,$,I/S mixed versus $4/09 mixed a!. ,1 1 we find a signifirant 
difference at A 3.
 

The indication is that Ol en 'ti by themselves there are significant 
differences in the man laa ai 4,, ,.et tipv Anever the food concentration 
is not maximal. When the two stral, 4rter j t togther there is probably + 
intraspecific competition for the tti )'J comparing L/4 alone With S 
mixed and SR/S6 alone with /% as%.food concentration decreases. 
Z/I& takes longer to develo 'uteI than alon, and Srf/9 takes a shorter 
amount of time to develop iui -i|xl , iv alone. Thlis intraspecific competition 
was not known, when the A strair %'4a ?4 as the marker stock in the 
field releas. 

Experiment 3 - Detemination of t 4oe distribution 

The third expermeit vwt to c-c.li- a common larval agt distribution. 
It was thought that tt the SRe distributionthe rirr.t' Isor affeutin.g 
would be site of the ctltuoi "i*to, Fl,! voter lars exoptned were aastgned 
to one of four groupst 

0 
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1. Small pots: circumference 125 cm, hoight at girth 20.7 cm
 
2. Large pots: circumference 140 cm, height at girth 26,6 cm
 
3. Small drum: circumference 122 cm, height 95 cm
 
4. Large drum: circumference 180 cm, height 190 cm
 

The number of containers sampled for each of these groups is 25, 12, 4,
 
2, respectively. This ratio somewhat represents the frequency of occurrence of
 
each type of container in the villages.
 

The average number of each larval stage and the percent of total larvae
 

are prsented-in the.-following-.chart. ........ _
 

Mean number and (percent) found in each stage 

L2 L3 L4 P 

Small pots 27.3(17.8) 36.2(23.6) 49.6(32.4) 33.5(21.9) 6.3(4.1)
 
Large pots 32.2(19.0) 52.6(31.1) 44.9(26.5) 24.7(14.6) 14.6(8.6)
 
Small pots 3.0(7.0) 31.5(74.1) 7.0(16.4) 1.0(2.3) 0 (0)
 
Large drum 512.0(52.0) 78.5(7.9) 58.0(5.9) 318.0(32.3) 16.5(1.6)
 

All containers
 
together 48.9(26.3) 42.3(22.7) 44.7(24.0) 41.3(22.2) 8.5(4.5)
 

Discussion
 

There appear to be three ways of obtaining larval life table
 
information. 
1. Run the entire experiment in tne lab under controlled conditions. 
2. Set up several containers in the field so that the investigator controls 
what goes into and out of the containers but not the abiotic factors like 
temperature.
 
3. Use the containers in the field under no control by the investigator and
 
somehow label the individuals which are in the experiment. Each method has 
advantages and disadvantages, usually one must sacrifice reality for 
precision or vice versa. I could not find in the literature any work 
concerning use of a genetically marked strain to determine a larval 
deveLopment time in mosquitoes. This was the most interesting aspect of 
this experiment. Obviously, a major assumption in the method is that no
 
significant difference exists between the marker strain and the wild strain.
 
This should have been tested before the field experiment was conducted,
 
but it was impossible to do it before the field work. To make the most
 
of my time in Africa, we started the field experiment and put off the
 
laboratory test till I returned to Notre Dame. 

Conclu io.n s -

I. Since th recovery of genetically marked individuals was spread over 
the entire experiment, the concentration of food in every water jar 0 
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is not the same, but actually varies from household to household.
 

2, 	If we consider the 80 pots chosen an adequate and representative sample,
 
then the average larval development time is 15.04 days.
 

3. If we are concerned with the minimum development time which could exist in 
the village at this time of year, we should consider the group of individuals 
whiich formed the peak in figure 1. Their mean development time was 9.5 
days. An interesting note is that of the 12 individuals which pupated by 
the eleventh day, eight of them were collected from pots which did not 
produce marked -individuals-, later-i time -but-did-ontinue-a 1igh'prodition 
of unmarked individuals. This indicates that the genetically marked 
individuals placed in these jars either developed quickly or died. 
This implies that those jars had a greater food supply and thus competition 
was less.
 

4. The rate of pot washing was calculated to be .97 pots/day. Note that this
 
is like an average loss rate from a set number of pots. Once a pot is removed
 
from a population by being washed, it was not considered again.
 

5. The minimum average length of time until a pot is washed was calculated to
 
be 11.91 days with a standard deviation of 6.98 days. This value can only be
 
calculated if the assumption is made that the rate of washing of each jar
 
as determined from the beginning of the experiment is constant throughout
 
the experiment. We could have achieved a more accurate estimate of average
 
length of time until a pot is washed by having all the people washing their
 
pots on the first day of the experiment and continue to observe the pots
 
for the entire experiment.
 

6. If we consider the relative effects of competition for food and pot washing 
on larval mortality, food competition accounts for about 99% of the 
mortality and pot washing for only about .5%. The laboratory comparison 
of s8/S and S /+S strains showed that 4hen grown by themselves their mean 
larval development times were significant different while when grovn 
together intraspecific competition bruught their development times close 
enough so that they were significantly different at only one food concentration. 
However, this competition distorts the development time in such a way that it 
would be difficult it not impossible to usa the genetically marked strain 
to monitor developmental rates in the field. If a marker strain could be 
found which responded more closely to a wild strain, this method would be 
usable. An alternative approach would be to sacrifice some reality for more 
control over the experiment as did Southwood (1972). 

The common age distribution vwhen considering all pots was ]st instar w 

R. Usually
 
the information one i looking for wten concerned with age distributions
 
is the age specific survivor rate or what percent,of each day makes It to
 
the next day. flowever, these data cannot give this information. First,
 
since the data are expressed in stage of Individual and an individual does
 

48. 2nd Instar - 42, 3rd Instar - 44, 4th instar ,w41, pupae 8 


not spend the same amouint of time in each stage, there Is no transformation 
to convert stage of individual to age of individual. We might be able to do 
this if we know from the literature the lengths of time spent in each stage 



Annex I -Page 6
 

at various concentrations of and the percent of poLs having each conuen~rali 
of food, The second problem is that since the water jars are filled and 
cleaned at varying times depending on many ephemeral factors, the maturity 
of the age distributions in a village's water jars will have a tremendous 

variance.
 

Sumar
 

A sunmmer was spent to collect data on the larval dynamics of ail
 
Aedes aegypti indoor breeding strain in East Africa, A genetically marked
 
strain was used to monitor larval development time and an estimate of 15.04
 
days were calculated. The rate of catastrophe (pot washing) was determined
 
for the village for this season. A common age distribution was determined
 
but its use is questioned unless a good deal more information is used.
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Fecundity of domestic A. a2&ykti populations
 

W. flausermann
 

The following two methods were adopted to estimate the daily egg production
 
of domestic A. aegypti populations:
 

method 1: Number eggs per female and day
 

Assumptions:
 

1. The daily egg production of field collected females.when kept in the 
laboratory-wi thuC-additioalblodfeeding-Ishe-ama-as . fthese-fwales 
had not been caught and had not taken another bloodmeal for the rest 
of their life.
 

2.A sample of females caught in one day's landing-biting catch does not
 
necessarily represent the real proportions of the different physiological
 
stages in the population. However, if the landing-biting catch is carried
 
out daily for at least the average time interval between host visits and
 
the oviposition rate of the sample is measured for the same period
 
following the catch, the daily oviposition rate of the sample reflects
 
essentially the daily ovipositLon rate of the field population for the
 
same period.
 

Procedure:
 

The average time interval between subsequent host visits was found to be 
four days (Annex 10). Samples of females were collected daily for several 4-day 
periods with t1to landing-biting catch tiathod and then kept in gallon cages 
for oviposition. The eggs produced by these samples were counted daily. An 
average oviposition rate per femals and day was calculated for the first 
four days period after the catch. 

Results: 

A sunary table for the results ts given below:
 

No, eass produced / V/ day Total Average
days per 9 

Season No. VV Days after capture I - 4 and day 
caulaht 1 2 3 4 5 6 7 8 

cool 678 4,~13.01.2,20151414 11.91 3.0 
Hot 291 0. 2. 5 .81 5 2.5F 14.0 3.5 

S
 



__ 

Annex 2 -Page 2
 

-


estimated as 3.0 and 3.5 eggs per female and day, This amounts to a fecundity
 

of approximately 24 and 28 eggs per adult female, when her life expectancy
 

is 8 days as estimated earlier.
 

In the populations sampled the average oviposition rate was thus 


The validity of this method will be discussed with a statistician in
 

the near future.
 

Method 2: Number egg oviposited per house and day
 

Assumptions:
 

1.By placing sufficient uncovered oviposition jars into a house close to
 

100% of the ovipolition is dIve.rt-ed -from the customrily covered'
 

containers for domestic water into these oviposition traps.
 

2. The placing of oviposition jars in a house does not increase the
 

oviposition rate for the village.
 

Procedure:
 

Two and three oviposition jars were placed into 18 houses of 3 villages
 
and filled half way with water. After 3 days the Jars were removed, emptied
 

and slowly dried. Six days later the jars were filled to the rim with water
 

and reflooded daily until no more larvae would hatch. The hatching larvae
 

were counted daily and the total taken as an estimate of the number of eggs
 

oviposited in the Jars.
 

Results:
 

A summary table of the results is given below.
 

Village Dates Total No, No. larvae No. eggs Estimated
 
traps traps set recovered per house number of 99
 
set it eggs) and day per house + day
 

Rabai 2-5 /11 12 1646 91.4 28.1
 
16-19/11 18 1944 108.0 30.8
 

Shika 2-5 /11 12 1119 62.2 17.8
 
Adabu 16-19/11 18 2315 128,6 36.7
 

Simakeni 2-5 /11 12 1049 58.3 16.7
 
16-19/11 18 1919 106.6 32.8
 

A remarkable increase in number eggs collected was noted when the 
number of oviposition jars per house was increased from 2 to 3. Experiments 
with 4 Jars are now In progress. The number of oviposition jars per house 
may have to be increased oven to five before 100% of the eggs can be 
assumed to be harvested in the traps. 

Combining method I and method 2 preliminary estimates of the numbers
 

of A. aegypti f"mle ovipositing in these PAbei houss can be made. For 
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November 1973 these estimates vary between 30 and 36 females per house.
 

These per house estimates sum up to estimated village populations of 550
 
females for the 15 houses of Shika Adabu, 525 females for the 16 houses of 
Simakeni and well over 1500 females for the large village of Rabai. These 
estimates are consistent with estimates made earlier with mark-release­
recapture methods in other villages.
 

The method of estimating female numbers by oviposition will be used
 
in conjunction with mark-release-recapture methods in preparation of the
 
releases.
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Intervillage movement of mosquitoes
 

Paul T. McDonald
 

A series of experiments has been undertaken in order to determine the
 
relative isolation of village mosquito populations from each other. The basic
 
workplan calls for a series of experiments to determine the influence of
 
'several factors on mosquito immigration into a village. These factors are
 
1) climatic 2) distance 3) availability of alternative sources of food, shelter
 
and bloodmeals 4) age of mosquito and 5) genetic factors.
 

Fr the first series of experiments the village-of Kwa Dena'was selected. 
It has 14 houses and lies in the western edge of the field study area. From
 
a central point in the village, Lttes were selected in four directions, NE,
 
SE, NW, SW, at 200 meters and at 400 meters. The 200 meter sites were all in
 
open fields. Three of the 400 meter sites were in other nearby villages, the
 
SW site being in an open field.
 

The first two experiments were conducted during the period of the SE
 
monsoon, intermittent rain and somewhat shifting breezes. Mosquitoes of the
 
RABAI DOMESTIC strain were released at dusk at distances of 200 meters in 4
 
directions and 400 meters in 4 directions, each direction receiving equal
 
number of release mosquitoes. In addition mosquitoes were released in the
 
village itself. The mosquitoes were captured in landing-biting (L-B) catches
 
for seven days subsequent to the releases, at 14 man hours per day. Mosquitoes

released at 200 meters were all dusted Day Glow Green and those released at
 
400 meters were dusted Day Glow Red. Those released within the village were
 
dusted Day Glow Yellow. All mosquitoes were newly emerged (0-48 hours old)
 
when released. The recoveries of marked mosquitoes during the L-B catch periods

is given in table 1, along with the details of the numbers released in each
 
of the first two experiments.
 

A more detailed investigation of the direction of immigration was
 
undertaken with releases of newly emerged RABAI DOMESTIC mosquitoes made at
 
200 meters from the center of the village in 4 directions. With mosquitoes

from each direction marked with a different fluorescent dye it was possible

to determine the origin of each marked mosquito as before the mosquitoes
 
released with Kwa Dene were also dusted. Table 2 gives the details of the
 
numbers released and recovered in each of these experiments. Experiments III
 
and IV were conducted during a period of variable wind direction as the pre­
dominant wind direction shifted from south to northeast, becoming established
 
during the course of experiment IV. At the time of release (dusk) of Experiment

III it 
was quite still while during the time of release (dusk) of Experiment
 
IV the wind was light from the southern direction.
 

The recovery of marked mosquitoes which ware released in the village

gives an approximation of the effectiveness of the capture method. If the
 
assumption is made that the same ratio of captured: not captured holds for
 
marked mosquitoes of oach different color, then an estimate of the number
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of mosquitoes of each sex entering from both distances can be made. The
 

percentage of released mosquitoes that enter the village from each distance
 

outside can then be determined. The results of the calculations are presented
 

in Table 3.
 

The results from Experiment I and II indicate a considerable ability
 

to enter a village across a distance of 200 meters with 28 percent for
 

males and 42 percent for females. At 400 meters the entry rate is much
 

reduced with one percent for males and eight percent for females. The
 

results from Experiments III and IV also indicate a large influx of
 

mosquitoes from 200 meters, however, with a much higher estimate of male
 
57=percent. Theinflux of,females is, ae before, slightly_
 

greater than 40 percent.
 
Sisigration,l-beingl 


The direction from which mosquitoes enter a village has been
 

determined for Kwa Dena during the period specified above. Estimates
 

of percentages of released mosquitoes entering from the different
 
directions of release is presented in Table 4. The direction probably
 

reflects on climatic conditions prevailing at time of flight and would
 

be expected to vary especially with wind direction. While it is necessary
 

to conduct further tests with various changes in marking color choice, it
 

appears that the influence of wind direction at time of release is quite
 

important as all directions were represented when the releases were made
 

during a lull and predominantly southern releases were represented when
 

southerly breezes occured during the release period.
 

The significance of immigration into a vill&ed as determined in these
 

experiments for mosquitoes released outside can only be evaluated for
 
the relevant situation when tests with alternatives for survival available
 
at the release points are undertaken.
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'able 1: Capture of marked mosquitoos entering Kwa Dena
 

Experiment Location Sex No. released Dust Captures % Captured 

Expt. I within c 98 DGY 48 49 
9 97 DGY 20 21 

• ~~20-0 .,395-, .....:.._ DGG _ __6G2. _I.... __I 

. 393 DGG 37 9 

400 m O' 395 DGR 2 1 
9 392 DGR 5 1 

Expt. II within r 65 DGY 34 52 
? 93 DGY 30 32 

200 m Cf 395 DGG 49 12 
371 DGG 46 12 

400 m df 389 DGR 2 1 
, 370 DGR 12 3 
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Table 2 : Captures of marked mosquitoes entering Kwa Dena from 200 meters 

Experiment Location Sex No. released Dust Captures % captured 

Expt. III within 77 DGY 8 10 

79 DGY 19 24 

NE Cr 79 DGR 6 8 

77 DGR 8 10 

SE 	 Cf 79 HR 7 9 

75 HR 	 3 4 

IN 	 d 0 DGG 2 3 
q 80 DGG 10 13 

SW 	 76 HG 9 12 

30 1IG 8 10 

Expt. IV within 	 157 DGY 65 41
 

158 DGY 51 32
 

14E 	 or 159 DGR 6 4 

160 DGR 	 7 4
 

SE 	 15) HR 44 2-, 

156 }R 	 25 16
 

NW 	 ].60 D, 2 1 

160 DGG 9 6 

SW 	 157 H1G 71 45 

159 HG 	 45 28 
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Table 3 Esttmnt:sof mosouttocs onterin K Deta 

Experimont Location Sex No. antorlng released entering 

Expt. I 200 m ci 	 126 32 

176 45 

400m 	 J. _ 

246 

Expt. Il 200 m 94 	 24 

344 39 

400 m o" 4 1 

38 	 10 

Expt. III 200 n o" 	 240 76 

__ 121 	 39 

Expt. IV 200m 	 300 47 

0269 42 
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ZIble 4 1atiateos of moaquitoes entering Kwa Dona from 200 mtere 

Experimnt Looatit -i z VIo. entering %released entering 

Ezpt.III NsK 60 76 
33 43 

12 1 

NW d20 25 

42 5 

sw 90 ,18 

1 33 41 

xpt. IV Ns ' 15 9 
22 U4 

sR C" 107 6? 

s 78 50 

NW d5 3 
28 18 

sw d 173 10 

I 131 82 
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Progress Report
 

Dean M. Fanara
 

During the period since the last report the major emphasis has been on 
* 	 the "Africanization" of a recessive marker strain for each of the 3 main strains. 

- - -( A -' ' t - e 6m ejia Dr i faak- ii h- li-
dry season) was crossed with a BLACK TARSI homozygous recessive. The Bejumwa 
Wet strain ("type form" taken from a treehole during the heavy rains) was 
crossed with a BTACK PEDICEL homozygous recessive. The Mwamsaby Dry strain 

'The BeJ -tr~ain	 o i t ii frO iti during-the 

(A. aegypti gueenslandensis taken from water pots indoors during the dry 
season) was crossed with a BLACK PALPI homozygous recessive. Outcrosses and
 
sibling crosses with selection for marker were made for 10 generations to 
produce 96.875Z Africanized stocks. This consumed 7 monthu .flabor (21 days
 
per generation).
 

The experimental design called for the mass release of these marker 
stocks in their appropriate habitat. Larvae were to be ;ollected from
 
labeled water pots (1 per house) and 100 bamboo "sectibn" hung throughout 
BeJun wa forest. By crossing the reared virgin females with a multiple marker 
male laboratory stock (developed by combining and selecting marker stocks 
obtained from the Vector Biology Laboratory of the University of Notre Dame) 
it would have been possible to determine: 

1. Direction of gone flow (domestic to forest or vice versa or none). 
2. Amount of sibling mating. 
3. 	 A concept of numbers needed for a release to produce a determined 
amount of interaction with the domestic Aedes aegypti. 

Unfortunately m contract with this project expired before this 
experiment could be fully executed. A delay in the experiment was caused 
because the laboratory mixed marker strain was more difficult to produce 
than was anticipated. The parent recessive marker stocks appeared to contain 
more genes affecting the diserimination of desired markers than was suitable 
for the proposed experiment. It is also unfortunate that no one has been 
hired to fill the position I am vacating so that this experiment could 
be completed. 

During this last period a visit was paid to the U.S. Neal Medical
 
Research Unit No. 3, Research Detachment Ethiopia. This unit is responsible
 
for conducting basic and applied research on tropical and infectious
 
diseases prevalent in Ethiopia. On the staff is Lt. Cdr. Lance Sholdt, an 
entomologist who is conducting some mosquito trapping tests. Also at NA)RU
3 is Hr. P. Neri who has been 	surveying the mosquitoes of Ethiopia for many 
years. From his I obtained the strain Langano of A. ampti that is formosus 
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in appearance and comes from a forested area where no man biting has been
 
observed. It is useful as a comparative cool with the BeJumwa Dry strain.
 

Table 1 depicts tho results of field cage, domestic, peridomestic, and
 
forest releases of the strains that were being developed for release in
 
the gene flow experiments. It is seen that the Bejumwa Dry strain has a host
 

... man--Dr Milanilother-than-Trpis-of -the-University of-Notre Damei aftar-laboratory­
tests, considers it to have birds as its preferred host (personal coununication). 
Mr. P. Neri considers that the Langano strain prefers reptiles (based upon 
field observations). In testing it against the proven anthropophilic gold 
mesonotum strain from Mwamsabu village, it was 6 fold less attracted to man 
under sylvan conditions. The "type form" Bejumwa Wet periodomestic mosquito 
is more adapt at seeking man than the Mwamsaby Dry domestic mosquito under 
conditions of indoor release, peridomestic release and field cage release.
 
This mosquito may pose a real threat to any project attempting control of
 
A. aegypti by consideration of only the domestic form.
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s t r a i n orL n : Tnliod ronuta:, of na,l bttinr ne'-ivity by varioun of Aurloc n 

Strnin Relu so Reonpture 

Dcesigivtion Dencription Site Total Age(hrs) Tine (min) ' .atjo 

N'whnsabu 'iuocnqaqensis Field 100 48 60 14.0 26 
'-O wter pots -- Oe - -100- 7 --­45- 4 
during dry 
socion 

Deju111a 
Dry 

ro mosus from 
tree holes during 

Field 
Cc Ce 

1(!0 
1.00 

48 
72 

60 
45 

7.0 
21. 0 

13 
16 

dry oeoson 

Hejv'1w: "Itypoform" from Field 100 48 60 33.0 61 
Wet tree holes during C~co 100 72 45 71.0 53 

rains 

:,"W nolbu Indoors 100 48 75 54.0 30 
Dry 

rojuiuIndoors IM 48 75 41.0 23 
Dry 

Ile jWtn1 Indoors 100 48 75 3.o 43 
Jet 

Lwum.obu Pert- 250 72 60 10.4 31 
Dry donectio 

Beojumwa Peri- .50 72 60 3.; 10 
Dry dnea tio 

Be'JUrMI
Jaot 

Peri-
domestio 

250 72 60 0.4 61 

lejunva 
forobt 

I~Lomon 
ozboo sections 

Foro:t 4(.0 48 15 21. 26 

in forest 

1O'nn@ roft'doplan forest tret 120 41 15 5.0 11 

Gold AdUlto from v co Frot 300 48 15 23.3 62 
.- o8onotun - hoen:oyous 

roconaive 
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Studies on habitat selection
 

W. Hausermann
 

One of the major reasons for the limitation of geneflow between
 
domestic-A.-aegypti-type-form and.A.aegypti,-ssp._formosus is the -­
genetically determined difference in habitat preference and the absence 
of a distinctly peridomestic habitat with an abundance of man made containers, 
where the two could meet. It is only during the rainy season from late 
April to June, when frequent rains permit continuous breeding outdoors, 
that the two subspecies meet and hybridization takes place. These hybrids

look like dark A. aegypti type form and disappear again when the rains end.
 

Outdoor releases of domestic type form, ssp. formosus and reciprocal

hybrids demonstrated the imediate separation of the two parental species
 
into domestic and feral habitats. The hybrid dispersed more evenly. The
 
recapture figures did not permit a genetic analysis because of different
 
dilution factors.
 

In an attempt to study the genetics of this behavioural trait a
 
chamber was developed in which the two subspecies separate to a similar
 
degree as in the field. The environmental cues to which the mosquitoes
 
respond are not yet fully understood. Investigations to this end are in
 
progress. The design of the chamber is improved at the same time.
 

Prelimin.cy experiments with the chamber demonstrated that habitat
 
preference is an inherited trait and consistently present in strains
 
collected from many different areas. The results are shown in the table
 
below.
 

http:Prelimin.cy
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Strain 
+ orl.gl.n 

Laboratory 
rorieration 

Method and place of 
collection 

% recovery in 
domentic c',tinber 

fAI1A I 1 Qv I po-A.tion jars 65 
IJOI4FZ'VIC F from inside houses 
RD in Rabai 

F) 40 

SIMAKENI P Oviposition jars 58 

D0MESTIC F from inside houses 51 
SD 1 in Simakeni 

F2 38 

SHAURI MOYO F 
n 

Larvae from domestic 
w-ter container 

43 

IWA1IS.ABU Fn Lurvac from donicotic 46 
wi tor container 

RABAI 
FERALRF 

P 
F1 

Oviposition tinn set 
among troos in Rnbai 

16 
10 

F2 13 

SIMAKENI P Oviposition tins not 11 
FERAL F among trees in Rabal 
SF 2 

F4 8 

?21AZI Lorvic from stols in 5 
feral coconut trees 

TREE}IOLE 12 LArvae from troeholas 9 
ftorC 

LANGANO Fn ritrwv: col])octod by I.Nori 10 
fera,l in LDangitno fore:-t, 

Ethilopi 



... ­-.-
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Translocations
 

Paul T. McDonald
 

In July a decision was reached that the major emphasis with 
translocations would be, in order of priority, the following: 1)Africanization
 
of-translocatiou-hoozygote -strain-ofT.Z (2:3) c from-Notre-Dame-stocks . 
in preparation for releases in the field. 2) Maintainence of selected 
strains of African translocation heterozygotes as back-ups for later 
releases. 3) Completion of tests for homozygosity of strains not already 
tested before.
 

During consultation with the ICMR/WO Genetic Control Unit in Now 
Delhi two important factors became clear. First, the best suitable 
homozysous line T (2:3) c had consistently shoved low fitness compared
with heterozygotes for the same translocation and second, such type of 
homozygote stock could not be expected, on theoretical grounds, to replace
 
a resident isolated population,of uon-translocation individuals, Quite
 
importantly, genetic monitoring required for the homozygote release
 
strategy would be very extensive and a considerable lag between releases 
and assay of effectiveness of releases would occur.
 

When alternative plans were considered (Table 1), a decision was made
 
release a double heterozygote derived from the ROCK laboratory strain 

homozygote line and the African MMIRAS DOWSTIC strain sex-linked 
heterozygote (I1 of Table 1)* Such a strategy was thought to represent 
optimization of mass production efforts with production of a behaviourally 
appropriate type of release mosquito. In addition such release mosquitoes 
would possess heterotic qualities as they arise from the synthesis of two
 
genetic.backgrounds. The decision to mak genetic releases of males would 
be expected to reduce the possibilities of resistance of villagers to 
releases of large nunbers of mosquitoes.
 

Translocation homozyaote 

Samples from Notre Dame were contaminated with heterozygotes with and 
without pseudolinkage of s+ and blt+ and non translocation individuals as 
well. A sample of 20 Idlvidual-IMn from the 7 of this stock was analysed 
for fertility and pseudolinkage and while 14 were heteroxygotes none were
 
homozygotes (Table 2).
 

A program of Africanizationl, purification and reconstitution of 
homoxyotes was undertaken with the scheme of Table 3. The stock has been 
AfrLcanized in the mltiple marker (ru / rue 8flg/ U & ; ka / US) 
AfrLcamised DOHSTIC strain for three gmeratons. Rleterozygotes tive been 
crossed together and resultant progeny phenotypically appropriate for 
homozygotes have been crossed with each other in sinale-pair crosses. If 
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both parents of a single pair are homozygous then all F and F should be
 
phenotypically homozygous as well. If only one parent il homozgous (the other
 
resulting from a crossover, homozygous for Si / Si4 but not for the
 
tranalocation) then the F2 will reveal this while the F could reveal if 
both parents are Si+ / Si+ and neither homozygous for tie tranalocation. 
Thirty-eight potential homozygote x homozygote crosses were made. only 
eleven gave sufficient :progeny- for -analysis-andall were heterozygotex. 
heterozygote. Another fifty-eight crosses have been set and 37 have left 
progeny which are soon to be analyzed. Once lines of homozygotes derived 
from a single-pair have been established, they will be multiplied and pooled
 
for mass production. At the same time several separate lines of homozygotes
 
will be maintained in the event that one becomes contaminated.
 

The fertility associated with the T (2:3) c translocation heterozygotes
 
and controls have been estimated by hatchability of egg papers from single-pair
 
cages with multiple marker females crossed with heterozygote or normal males.
 
The results take the form of the distribution table of table 4 and indicate
 
a general fertility for this translocation heterozygote of 57 percent compared
 
with 94 percent for control (non translocated) males.
 

The T (2:3) c translocation strain has been tested during the process 
of Africanization and the results are in Table 5. Th strain has a rather 
mediocre performance in a test cage designed for testing endophily in the 
laboratory and appears to be refractory to selection of endophily with the 
use of the laboratory case. 

Translocation heterozyaotes
 

In the last report it was noted that 46 translocation lines of African 
origin were being maintained and tested for homozygosis whenever possible. 
In July there were no definite homozygote lines available and the decisi6n 
was made to discard several lines which had not $iven homozygotes after 
several trials and had relatively more problem in maintaining because of 
loose pseudolinkage of markers used. For maintatnence as back-ups, twelve 
heteroxygote lines have been kept (Table 6). The sex-linked strains of 
domestic origin are being tested to select male-linked crossover translocation 
heteroxygotes, and to date two lines (1:3 p and 1:2 n) have given the 
crossover phenotypes required. These individuals are being tested for the 
H-linked translocations. The mos promising will be produced for field 
releases. 

Search for homovyvotes
 

For purposes of testing for homosygosis the strains which had not been
 
successfully tested for five times were kept until they had been tested at
 
least five times, If the tests were negative and the translocation strain
 
was not needed for other purposes, it was discarded. The current listing of
 
translocation strains that were tested after the last report, with results,
 

0I
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are included as Table 7 (A). The translocation stock AT 2;3 n has on two 
occasions produced progeny which have tested as homozygotes. The isolation 
of the homozygous line is extremely troublesome because 1) the homnzygotes 
have fertility similar to heterozygotes and 2) the normal heterozygote 
produces 25 percent crossovers between pseudolinked markers. Such crossovers 
may produce individuals phenotypically the same as heterozygotes but not 
heterozygotes -for-7the- translocation. - -,- -

An experiment to determine if irradiated inbreed lines would yield 
translocation homozygotes more readily is still in progress and the 
results to date are included in Table 7 (B). 
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Trbl 2 flonett tetinfW of' TI(2:3) aoc 

Results 
Irosuaed typo No. tenta . -- . .. 

SU;orn, al Indeterminaite 

!1oi.ozygote 20 0 31t 0 6 

Ioteronygote 0 0 17 0 3 
Control 20 0 20 0 

A :Inmosvaote 

4i !1oterozyr:ote 

A pbJ! AfrLcaniszaton au purfLottion or homozygoun T (2t3) o atook 

01 (111) 4 X ~1A 1-*2
 

012 (13A3 x M#A - 4I1,2 (selected)
 

0~ (F.) *IVA~3- 1:4 61:33 (solcted) 

03 (S-) AM4 X Za: A121A3 (se1.otoa) 

06 (m-) 41tAx M~ 3 3a-4 	 (selection) 

a w 	 Onocration 

3-P aingl-paIr mLAtd 

DJ brothe~r-sister mted 
6 a 	 : oosygoto 

a ltLple mrker Af ,oantned stock 
* 	 :.t~royqcot. 
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Tal 4 1 D~I--tribution of hatchabilities of egg papers from
 

mar',ker females with heterozygote or control males
 

Number of egg papers 

Hatchabit Heterozygote Control 

1- 10 0 0 

11 - 20 0 0 

21 -30 1 0 

31- 40 1 0 

43. - 50 9 	 0 

5-60 17 0 

61 - 70 13 1 

71 - 80 8 3 

81 - 90 1 4 
91 -100 0 22 

Total 	 50 30
 

Average hatch of 	heterosygote t 57 %
 

Average hatch of 	control £ 94 % 

Table5 1 EndophIly respone of T (2:3) o stock in lab age 

T(2s3)o lin 	 no.tested capture lost %in going 
in out
 

4A 	 1O0 4d 7 34 59 7/41 a 17 

l0 q9 30 52 18 30/82 ,37 

F, (4PA3 	 2.8 23 82 13 23/105 a 2 

131 gS 29 102 0 29/131 22 

31 7 2/32 a 3Y(N1-33 V1 
21) 6 21 2 6/U n22isoatd *in" 

72 (+M) "30 	 30 3 5135 014 
I GW 	 15 9/24. 38NW9 	 5 
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Table 6 sSolectod translocations rinntained at I,13U
 

franalocation Background Peudolinkagc Fertility 

code 

1 s 2 o indoor .93 (280/302) 50 % 

I1 s-2.n- 1. 00.(I17/17) ----50 % 
1 t2 t .99 (137/139) 30%.i. ,. . . .. .. ...... *. e.• m n, e. e 
1 : 2 r out4oor .)3 (14353) 50% 
I:., 2 u .94 (294/34) 35 % 

1 t3rf indoor .97 (287/297) 50
 

I1t3 p 1,00 (234/235) 70 % 

2 s3 o imloor .95 (2]/302) 50 % 
2 :3 .95 (363/382) 50% 

2 :3 n.76 (645/849) 70 % 
O I f +n " _ " II I I ll In ii n . 

2 t 3 r outdoor 9 (322/323) 50
 

3 .88 (473/533) 50% 
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~~J~aZ fPrannlooittono teritoi fr'af~(o1 

:Iomozygos.ts tete (urront
 

June 73 December 73 status 

A. 	African _strains 
1: 2S a 	 0/0 0/0 T 

3/0 0 3/ L 
: 2 j 3/0 7/0 D 

1t21 4/0 4/0 L 
1 2r !/0 3/0 T 
1:2t 4/0 8/0 	 T
 
I: 2x 	 0/0 5/0 D 
1 2 ad 0/0 0/0 D 
1:3b 2/0 8/O 	 D 
I 1:3 1 )/0 9/0 D 
1:3n 3/0 6/0 D 

, p 2 /0 8/0 D 
l,3q 0/0 0/0 	 L 
2 	:3f 3/0 
 3/0 T 
2 83 A 310 U3/2 T 
2,3u o/o 0/0 D 
2 1a 0/0 0/0 L 
213 d 0/0 0/0 	 L 

B. 	Inbre sran 
1: 2ae 0/0 L 
1 2 ea 3/0 	 T 
1,2ag 0/0 L 
1 3r 3/0 T 
1 , a 0/0 T 
2 , ae 7/0 D 

D 	 a Discontinued tcct:. 

T 	 a Testb%3 continued 
a p odu ed no honoaygoto phenotys 

http:Iomozygos.ts


) Annex 7 -Pauel, 

Mass Production I
 

Paul T. McDonald
 

The mnas production facility has made considerable advances since 
the last report. The physical facility has been improved with the replacement 

.. of the largeT rearing trays with -fo 'urshsvems, for-holding _the_pan. for 
larval rearing as well as the emergence containers and gallon cases for 
adults. The shelves are arranged to make three aisles much like a library.
 
The necessary plasticware have been purchased and are being prepared
 
for use.
 

In the past a troublesome aspect of the mass production has been the
 
acquisition of a pupal separation facility. We now have the Sharma type

pupal separator from W1IO/ICMR in New Delhi with additional ones of the same
 
design made at the ICIPE workshop in Nairobi. This type of separator is quite
 
effective in the first trials. The stirring devise for providing uniform
 
alliquots of first instar larvae had already been tested and found
 
satisfactory.
 

The release experiments planned for the near future call for the
 
availability of newly emerged mosquitoes on a daily basis for periods up
 
to six weeks. A decision was made that this could be most effectively
 
accomplished if production were regularized so that the daily releases
 
were not dependent upon a store of eggs but rather on the daily production
 
of eggs sufficient to yield the necessary number of release mosquitoes

after the period of embryonation and development. The general procedure 
would be the daily setting of crosses of now cohorts and collecting of eggs 
from the older cohort such that each cohort is responsible for eMg
production on two occasions, each bein3 at an interval after a bloodmel. 

For each cohort the maximization of production is dependent upon the 
particular regime as applied to all cohorts in the overall production 
scheme. Preliminary to establishing a particular regime, the especially
important parameters of fecundity and larval development have boon the 
subject of experiments (sea Annex ). Improvemnts in production are being
introduced in accordance with findings from these experiments. 

For these investigations, the trqwral sequencing of hatching, pupae
separation, bloodfeoding and collecting of egs have been scheduled so as 
to simulate the actual continuous production scheme, wfth a now cohort 
starting through the regimo each day. This has had the benefit of
 
familiarizing the staff with the overall mass production scheme involving 
the daily advancement of each cohort through the regime. 

The overall outcome of the mass production efforts has been: 
1. Physical facility ready 
2. Staff trained 
3. ReSim improved for fecundity and larval development 
4. Pupal separation operative.
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Continuing investigation on egg collection and storage procedures 
have begun and the best methods will be incorporated into the regime as 
soon as the results of these experiments are known. 

Based on experience to date requirements for mass production have been
 
determined for two types of releases: 1) release of mixture of single and
 
double heterozygote males derived from two different heterozygotes and
 
2) releace of double heterozygote males derived from homozygotes and heterozygotes
 
(Table 1). The initial production has begun for the first of the two
 
alternatives and the current schedule calls for releases in the middle
 
of March.
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I: Mass production requirements for releases of double heterozygotes
 

A. Mixture of single and double hoterozygotes from m-linked heterozygote
 

x M-linked heterozygote at 2000 males per day
 

Eggs daily Cross 

12 MMk x MMA 

20 + (m) x M A 

800 MMA x O(m) 
400 MMA x +(M) 

18,000 4(m) x 4(M) 

B. Double heterozygotes from autosomal homozygote x M-linked heterozygote
 

at 2000 males per day
 

Eggs daily Cross
 

14 MMA x MA 

1,310 A x A 

510 MMA x +(M) 

22,222 & x +(M) 

HMA - Multiple Marker Africanizod
 

4 - Homozygote
 

46 - Heterozygoto
 

(m) - m - linked
 

(M) - M - linked 
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Mass production II
 

Paul T. McDonald
 

Investigations have been made to determine the effect of various changes
 
in operational procedures to cohorts of mosquitoes in order to determine
 
the necessary procedures for muximizing productivity, The major emphasis has
 
been with testing the variables influencing fecundity. In addition trials have
 
been run with alterations of feeding level for larval development, and a
 
first trial run from hatch to adults has been undertaken with pupal separation
 
by the Sharma type separator.
 

The basic regime for each cohort is a varient of the one in standard
 
use at ?BU. Table 1 depicts the initial and improved regimes. For the initial
 
series of trials the multiple marker Africanized stock was selected. This
 
strain is continuously needed for genetic studies and will be a mass produced
 
strain in the field release program.
 

Cohort characteristics
 

The number of females per gallon cage has been varied and the effect 
on fecundity investigated. Results indicate that at least up to 40 females
 
can be kept in a gallon for production (Table 2). 

The sex ratio has been tested at two females per male and four females 
per male in cages with 32 females. Slight advantage of only two females per
 
male was suggested.
 

Blood feeding
 

The age of female when first bloodfed has been varied from day 11 to day

14 after hatching, and it has been found that day 11 females are much more
 
productive under the blood feeding regime tested (Table 4).
 

The frequency of feeding has been varied from two to three bloodmeals
 
over five,days, and it has been found that more frequent offering of bloodmeal
 
results in substantial gains in production (Table 5).
 

Larval development
 

Eleven groups of 200 larvae were put through the feeding regime selected
 
as the best from earlier trials. The overall percentage of pupation on day 6
 
at 140 hours after hatching was 93 percent before the first male emerged.
 
Survivorship through development was 88 percent. Of the initial group of first
 
instars, 82 percent were pupae at 140 hours with 42 percent being male and
 
40 percent female.
 

Pupal separation
 

The best Sharma type separator was the grid with spaces of 1.11 umm between 
strings for passage of males with retention of females. This separator achieved 
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left a smaller size group containing 89% of the males
separation which 
placed in the separator and of 99% male composition (Table 6).
 

The total result of the larval development - pupal separator trial
 

was that 38 percent of first instar larvae were passed through the larval
 

development regime and became eeparated out as males, and this is at 140 hours
 

post hatching.
 

S
 



A.i.ex 8 Page 3 

Table 1 : Regimes of maintaining cohorts for mass production 

Time Starting regime Improved regime 

Day 0 Batch hatchi 

:3 

5 
6 
7 
8 

pick 
pick 
pick 
mate (20 x 10 oo /gal.) 

pick 
--­

mate (40 $ x 10 oo / gal.) 

9 
10 
11 
12 

first blood meal first bloodmeal 

13 
14 
15 
16 

---
--­
second bloodmeal 
...... 

second bloodmeal 

third bloodmeal 

17 
18 

19 
20 

first egg collection (C-I)
---.-.­

hatch C-I possible 

first egg collection 

hatch C-I possible 

21 
22 

23 
2/ 

second egg collection (C-Il) 
. .. 

--­
hatch C-II possible 

second egg collection 

hatch C-I possible 
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Table 2 Fecundity of females caged at various densities
 

and subject to same regime of feeding
 

Females / cage Eggs / female 

10 
10 

102 
58 

20 
20 

57 
39 

30 

30 

60 

65 

40 

40 

9o 
89 

Table Sex ratio effect on fertility and fecundity
 

Cohort composition Eggs / female Fertility 
(female : male) 

32 /16 I 60 90 % 
II 90 92 

60
III 46 


84
Average 	 65 


64 
 68
32 8 e 
88
II 43 


III 48 84
 

Average 	 52 78
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Table 4 : Fecundity of females with varying times of onset of bloodf'eeding
 

Age at first of Eggs per female
 

two bloodmeals Group I Group II Group III
 

11 days (pot hatch) 91 94 103 

12 " 35 71 63 

13" 26 87 59 
14 " 21 60 59
 

Table 5 : Fecundity with varying frequencies of bloodfeeding within five days
 

Bloodfeeding available
 
on days (post hatch) Eggs per female
 

12, 16 40
 
12, 16 21
 

13, 17 27
 
13, 17 39
 

12, 14, 16 58
 
12, 14, 16 64
 

13, 15, 17 47 
13, 15, 17 44
 

Table 6 : Pupal separition with grid of 1.11 mm spaces
 

No. uiles No. females misfIts 

Passing through 9 LV271% 

Retained 103 861 11 / 
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Visit as temporary advisor to wIO-iCM R Unit, New Delhi 

Paul T. McDonald
 

I visited the World Health Organization/Indian Council of Medical
 
Research's Unit on Genetic Control of Mosquitoes from 13-17 August as a
 
temporary advisor and at the invitation of Dr. R. Pal of Vector Biology
 
and Control.
 

The purpose of the visit was 
to become acquainted with the research
 
goals, priorities and methodology of this unit, and the exchange of information
 
about MBU projects and similar ones at New Delhi. Another benefit of the visit
 
.was -to-consult-withb-Dr.--K. -S. Rai-who--is--a- principal investigator-of­-the
 
MBU contract and also a consultant with the WHO/ICMR unit, making for a further
 
coordination of genetic control activities with translocations for Aedes
 
aegypti.
 

An initial visit with Dr. G. D. Brooks, the project leader, provided
 
a general orientation toward the scientific endeavors of the Unit, and the
 
appointments for consulting with both Dr. Curtis, geneticist, and Dr. Yasuno,
 
ecologist, were arranged.
 

Visit to genetics section
 

Discussions were made with the following scientists:
 

Dr. C. Crutis, Geneticist
 

Reverend E. Hallinan, Consultant
 
Ms. N. Lorrimer, Consultant
 
Dr. Suguna, Senior Scientist
 
Dr. Uppal, Scientist
 
Dr. Kazmy, Scientist
 

The emphasis of genetic work with Aedes aegypti is in the following
 
two areas:
 

1. Double heterozygote translocations
 
The preliminary experiments have indicated the best 
two of fo*r
 

available homozygote translocations for releases. Because the fitness of even
 
the best translocation homozygote in the Delhi background is 
less than that
 
of the heterozygote of the same translocation, releases of double heterozygote
 
males had been decided upon as the best strategy, and releases began on 12
 
August in the Aedes field site, Mohavir Colony. An extensive program of
 
monitoring for sterility differences, and incorporation of translocations
 
in the population, and adult population estimates, had been outlined and was
 
ready to go into effect. Unfortunately problems of translocation homozygote

strain purity and low fitness had developed and mass production had as yet
 
not become operative.
 



Annex 9 - Page 2
 

A visit to the field site for releases was made in the company of Fr.
 

165 houses and at the time was characterized
Hallinan. The site includes some 


by an extremely low density of A. aegypti. Breeding occurred in water 
storage
 

containers which were kept in courtyards inside the houses. Release points
 

had been determined on the basis of data on dispersal and varying 
breeding
 

densities.
 

A social worker, a valuable liaison person, is included with 
the release
 

team. She explained features of the release program to the 
residents and
 

acted as interpreter for the scientific staff with casual employees.
 

2. Meiotic drive coupled with translocations 
- . . .-At-.the-,present- -time-a-meiotic drive,-factor.. to...which 80%.ofthe 

Delhi strain m-linked chromosomes are sensitive has been isolated 
and steps
 

are underway to link this meiotic drive factor to a multiple 
translocation.
 

Discussions with Dr. Curtis touched also on the genetics program with
 

Culex fatigans where experiments had just begun with male releases 
of
 

cytoplasmically incompatible strains carrying M-linked compound translocations.
 

The advantage of cytoplasmic incompatibility in preventing mixing 
of genetic
 

material of introduced with resident populations was pointed out. The
 

production of viable fertile offspring between resident and introduced
 

population does present a problem for control by translocation homozypptes.
 

Visit to ecology section
 

Discussions were made with the following scientists:
 

Dr. Yasuno, Ecologist
 
Dr. Rojagopalan, Senior Scientist
 

The emphasis in ecological work with Aedes aegypti has been with
 

population dynamics and survivorship of larvae in natural containers.
 

Considerable experience with ecology of Culex fatigans has been gained
 

at the unit and discussions of methodology and results were entered 
into.
 

The Culex experiments have stressed use of mark-release-recapture
 

methods for estimating daily loss rate of released males as well as population
 

size estimates. The method of releasing only males and then estimating the
 

change in the sex ratio of the population provides estimate of population
 

size that has corresponded well with the Lincoln Index method.
 

Studies have indicated the importance of estimating seasonal changes
 

in such factors as longevity and fecundity. The unit has also placed emphasis
 

on studies of migration and the procedures and results were discussed.
 

A trip to the field sites for the Culex releases of cytoplasmically
 

incompatible strains was made in the company of Drs. Yasuno and Rojagopalan
 

and the ecological monitoring of the experiment in progress was seen at first
 

hand. One feature of releases made by the Delhi unit was the marking
 

(fluorescent dusting) of all release mosquitoes and determination of ratios
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of marked mosquitoes in the field subsequent to release.
 

Visit to mass production section
 

Discussions were held with Dr. K. R. P. Singh.
 

Until recently facilities were available for the mass production of
 
Culex fatigans and the first production with Aedes aegypti, at a reduced 
scale, had just begun; the routine had not yet become established although
several procedures had been selected for production. An extensive tour of the 
Culex mass production facility provided opportunity to see and discuss several 
.techniques which -the-Delhi-unit has-developed.-The-quality-control of all 
released mosquitoes is made to ensure that mosquitoes of known and uniform 
standard are released. 

Seminar
 

I delivered an illustrated seminar on the Progress of Ecological Studies
 
Preliminary to Genetic Control of Aedes aegypti on 17th August at the WHO/ICMR

Unit with the project leader, consultants, and scientists in attendance.
 

Other business
 

1. Dr. V. P. Sharma has volunteered to provide MBU with three pupal
 
separators of his design for use in our facility at Mombasa.
 

2. Arrangements to receive monthly reports from the WHO/ICMR Unit
 
have been made.
 

3. InviLations have been extended to Dr. C. F. Curtis and Dr. Yasuno
 
to visit IMhU. Rev. Hallinana and Ms. Lorrimer will likely visit the
 
unit with Rev. Ilallinan's visit in either October or November.
 

Summary
 

The visit to the WIIO/ICHR Unit on the Genetic Control of Mosquitoes

provided a stimulating and revitalizing experience. Everywhere I was met with
 
an enthusiastic and cooperative reception. The visit provided opportunities

for valuable exchange of information and experiences. As a result of the
 
visit tighter linkages between MBU and the Delhi unit were established and some
 
much appreciated assistance with experimental design and methodology was
 
given at a critical time in MBU's development.
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Population dynamics of Aedes aegwti in East Africa in view of genetic control 

Paper given by W. Hausermann at the 9th International Congress on Tropical
 

Medicine and Malaria in Athens, on October 15, 1973
 

1. Introduction
 

Genetic control techniques must be developed specifically for the target
 
populations in their particular environments. Detailed information on
 
ecology, behaviour and genetics of the population is a must.
 

In preparation of control of A. aegypti by means of chromosome translocations
 
such--studies-were carried-out-by the-Mosquito Biology Unit-of-ICIPE-in....
 
Nairobi, Kenya. After preliminary surveys in East Africa the RabaiLocation
 
near Mombasa was selected as study area and work started in late 1971.
 

2. Life system of A. aegypti
 

The population studies were based on the following concept of the A.
 
aegypti life system:
 

Effective environment
 
Weather, habitats and
 

* resources
 
Environmental resistance 7 Population performance 

Numbers, seasonal fluctuations 

Gene frequencies 
Subject species
 
Genepool
 
Behaviour patterns
 

Note: 	 Conventional control and most other control methods increase
 
environmental resistance. Genetic control renders subject species
 
less fit.
 

3. Effective environment
 

3.1. Weather
 

The climate of the Kenya Coast is characterized by three seasons
 
(Fig. 1): 

A. The 	hot dry season with mean max. temperatures around 33* C.
 
B. The 	wet season with frequent heavy rains and temperatures dropping by
about 5*-6' C. 

C. The 	intermediate season with intermittent rains and temperatures

rising 	again.
 



Annex 10 -Page 2
 

3.2. The habitats
 

They can be grouped into feral and peridomestic habitats in which
 

breeding is determined by rainfall and domestic habitats in which
 

the water is supplied by man (Table 1). In the Rabai area the feral
 

habitat consists of coconut plantations sot in a climax vegetation
 

of wooded grassland. Breeding occurs mostly in treeholes and steps
 

of coconut trees. In these coconut plantations are numerous more or
 

less isolated villages of 5 to 50 houses. There is virtually no
 

peridomestic habitat as man made containers like tires, drums etc.
 

The domestic habitat permitting independence of rain­are scarce. 

fall is limited almost totally to the inside of houses. Breeding
 

occurs in domestic water containers (5 colour slides).
 

.4, Subject specie.
 

Based on colouration and behaviour A. aegypti is after Mattingly divided
 

into three forms:
 

a. black wild to semidomestic asp. formosus
 
b. brown to black semiwild to domestic type form
 

c. pale, fully domestic var. queenslandensis
 

In our study area the whole range of colour variations is observed,
 

however, on the basis of their distribution and behaviour only two types
 

can be readily distinguished: sop. formosus and type form. Our
 
forms rests on two colour characters. With asp.
distinction of the two 


formosus black scales are totally black and white scales are pure white.
 

Any A. aegypti in which the scales are not totally black or entirely
 

pure white is considered type form. Our definition of asp. formosus
 

includes also specimens with white scales on the first abdominal tergite,
 

which by convention would be type form A. aegypti. In addition asp.
 

formosus has generally a black cuticle, while in A. aegypti type form the
 
cuticle is often brown, yellowish brown or yellowish grey. Contrary to
 

sap. formosus A. aegypti type form exhibits great variability in colour­

ation. E.G. the mesonotal scales may vary from black over brown to pale
 

gold or the abdomen from total black without white marks or silver spots
 

to almost white or cream with no black or brown scales (3 colour slides).
 

The frequencies for some of these most conspicious colour variations
 

indicate that in Rabai, there is very little genetic exchange between
 

populations of these two forms (Table 2).
 

The separation between the two forms made arbitrarily on a colour-basis
 

is correlated with behavioural traits which keep their populations
 
largely apart.
 

a. ssp. formosus is strictly exophilic and type form mostly
 

endophilic. This behaviour can be tested in field releases
 

and in a field-hut simulator. The results are repeatable
 

with subsequent generations of laboratory colonies of sap.
 

formosus and type form and with strains from different
 
locations on the coast (Table 3).
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1), 	The same differoneo is demonstrated in site preference for 
ovipositiop. sp. formosus prefers treoholes and small 
oviposition traps mtiade of tins, typo form prefers larger 
containers like earthenware jars and rarely uses small ovi­
position traps or treoholes (Table 4).
 

5. 	Population performance
 

During 1972 populations of the two forms were monitored weekly with
 
landing-biting catches, oviposition traps and larval surveys. The
 
rainfall pattern followed not too closely the general pattern of the area.
 
The wet season ended rather abruptly with no rain in June (Fig.2),
 

The feral and peridomestic sap, formosus popu9la.ti.on _howed adramatic. 
increase in oviposition rate and brooding level, following the onset 
of the rains. It decreased, however, rapidly again in July after a 
dry Juno. The population did not recover when the rains returned 
(Fig. 3). 

The domestic type form populations were stable through most of the
 
year. Ilowever, modest increase in the landing-biting rate occurred during
 
the rains. This increase coincided with a slight decrease in the
 
Broteau index. It was only during this period that outdoor brooding of
 
type form was observed in natural habitats (Fig. 4).
 

This was also the only period when both forms could be caught on man
 
outside houses.
 

In 1973 both populations showed so far the same fluctuation pattern
 
again although the rains continued strongly through June and July. In
 
both years in the month following the rain an increase In frequency of
 
white scales on the first abdominal tergite was observed in our ssp.
 
formosun population. Also it was in this period that the few sop.
 
formosus individuals with alleles for spot and gold mesonotum were found.
 
We therefore suspect that geneflow between these two populations is
 
established only during a few rainy months.
 

From mark-release-recapture experiments we know that the domestic type
 
form populations in the Rabat villages are fairly small and in many 
cases fairly isolated (Table 5). The population studies have therefore 
concentrated mostly on these village populations. They offer a singular 
opportunity to test chromosome translocations, for population replacement 
and suppression. 

Our 	hopes for successful releases, however, encountered a major obstacle.
 
We have so far not obtained a hcmnozygous translocation, which is
 
sufficiently fit to replace a native population, Although we still
 
hope for such a tr'nnlocaton homozygoto our efforts concentrate now to­
wards production of a double translocation heterozygote for population 
suppression, 

http:popu9la.ti.on
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Tablo: 2...qu.nci.of jor colour tra"t. in A. wyoti pop ..LtIono of' 

the Kenya Coast 

A. Zea,,i ty-p form A. aeRyntL sop. formonus 

Trait . 
Doiestic Per:tdomestic Peridoinestic Sylvan 

Cuticle block 0 0 0.914 1.000 

Abloni!vl rnles ' 

- do black 0.423 0.418 1.000w 1.000t 

- pitre white 0.245 0.256 1.000t 1.000* 

INesonotal scales 

- deep block 0.581 0.406 0.998 1.000 

- all goldon 0.026 0.053 0.002 0 

AbIomt-nl tnttorns 

- Tertte I all black 0.008 0.034 0.804 0.671 

Ter-itos II - VII 0.710 0.633 0.003 0 
no oxtenoion or 
reduction of whLto 
acales or cilver spots 

!,o. I cxmincd 419 207 620 112 

per d .rinit:onom 
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Table 3 : Endophily in A. aegypti populations from the Kenya Coast 

Recaptures indoors
 

Type 	 Origin
 
Total qq
 

A. 	 sop. forosus neridomestic 0.3 0.1
 

type form domestic 23.9 22.0
 

hybrid 3.4 5.8
 

B. 	 ssp. formosus peridonestic 9.0 10.0
 

type form domestic 50.0 77.0
 

type form peridomestic 57.0 68.0
 

Table 4 : 	Site preference for oviposition in A. aegypti 

populations from the Kenya Coast 

A. acg'_yti
 
Site 

% type form ossp. formosus
 

Treeholes 22.7 77.3
 

Oviposition tins 2.6 97.4
 
(0.3 	i)
 

Oviposition jars 67.5 	 32.5
(51) 



Annex 10- Page 7 

Table 5 Description of a domestic A. aegati population in a Rabai village
 

(16 houses, 21 water containers, 56 inhabitants)
 

A. Population size 
 x range
 

- Daily pupal output 65,5 31 - 89
 
(16 houses, 21 water containers)
 

- Daily landing biting rate 
 86.6 46 - 125
 

- Absolute numbers of adults 
 238.7 184 - 291 
(Estimates- after Jolly) . .. .--. 


B. Behavioural aspects 
 x range
 

Contact with man ( ) :
 
- No. contacts observed 
 4.30 1- 11 
- No. days between contacts 3.99 1 - 23
 

Movement within village (9)
 
- No. house changes between 0.458
 

subsequent captures
 

Dispersal
 

- Max. distances observed : downwind 1,000 m
 

tangential to wind 
 500 m
 

against wind 
 150 m
 

C. Life table (dry season) 
 x
 
- Developemont time from egg batch to pupa 15.5 days
 

(range 6-32 " )
 
- Survival from Ist instar to pula 
 0.1897
 

- Survival pupa - adult 
 0.91
 

- Female ratio at emergence 0.42
 
- Prereproductive period of 
 2.85
 

days to 50 % insemination
 

- 24 h survivorship of reproductive 0.89
 
- Life expectancy of reproductiveo 8.07
 

- No. eggs produced per reproductive g 25.72 



Annex 10 - Page 8
Figure 1 

TIHE CLIMATE OF MOMBASA 

HOT - DRY COOL - WEI INTIERMIDIATL 

4@31 

I!
 ~150 

Fi 

24 o 

10 

E so 

0UC 16 

i IF M A M i i A 5 0 ,N 0 
I"967T, "~
 

250 



00
 

0 

on. 

IM
I 

I 

0 
14 

IIlk 

z 

44 

40 

66 

*) 
V

I 

-

19
onaowo 

* NIAI
ol 

toSO
 

O
I OWO 

O
 4 

# #= M
 g 

oOCUUO 



Fl.-uro 3 Annex 10 - Page 10 

SEASONAL FLUCTUATIONS IN FERAL HASITATS 

4 

0 
15w 

80O 

o 

,a U, i:-.: 

F ,% A M J l A 

1972/73 

5 0 D F 



0 
0
 

0
 

0 

o x
:
:
g
:
 

aJ 

-

0
_
 

,
.
1
,
.
 

i 5
*
,,
.o
 

p
.
.
.
.
 .
.
 ....

.
.
.
.
 

4
q
r
o
 

!
 

-

-

z 

a
 

'
 •
 

,
'
S
 

a.'.­

2 
-

I
 

U
, 

I
i
 



Annex 11-Page 1 

Comments to WHO computer survey of Stegomyia mosquitoes 

Submitted to Dr. Arata, Ecologist of VBC / WHO by W. Hausermann 

1. 	House index, container index and Breteau index are a simple way to
 
express A. aegypti densities at the time of the survey. They do,
 
however, not consider sufficiently the biology and ecology of the
 
surveyed populations and may thus misrepresent the true situation.
 

McClelland (WHO/VBC/71.271) has pointed out the need for a better under­
standing of the ecology of the species. He recommended that domestic
 
and feral populations be distinguished by their independence respectively
 
their dependence on the natural rainfall cycle. This recommendation
 
deserves-ful10ifh 
 .Ti ecmedto
 

In East Africa A. aegypti populations from different areas differ
 
considerably in ecological and behavioural aspects. 
They can be
 
grouped in four distinct categories (Table 1).
 

It is easy to see that these populations differ in their vector
 
potential. However, the computer printouts based on Breteau index and
 
related indices cannot adequately consider these aspects.
 

2. 
Going through the computer printouts one encounters many maps with
 
P indicating the presence of the species. 
 No density index is given
 
because of insufficient survey data. 
This must not always be the
 
fault of the surveyor. In East Africa it is fairly easy at any time
 
of the year to establish the presence or absence of A. aegypti. Often
 
it is, however, impossible to obtain a meaningful density index. If
 
some additional ecological information could be entered into the computer
 
program and expressed in the printouts, the P's could become much more
 
meaningful.
 

3. 
The computer printouts for the distribution and density of A. aegypti
 
reflect of necessity first the distribution and levels of survey
 
activity. Again more consideration for some selected ecological
 
aspects in the surveyed areas and correlation with climatic, ethno­
logical aspects in the surveyed areas and correlation with climatic,
 
ethnological, agricultural, industrial or 
sanitary conditions known
 
from hitherto unsurveyed areas could improve the distribution maps

by means of extrapolation. Likewise correlations of such background
 
informations over 
time and from different areas could permit to predict
 
future trends of A. aegypti populations with urban or rural development.
 

Informations which seem to me of particular importance when you try to
 
understand the distribution and vector potential of A. aegypti popula­
tions are: Rainfall pattern, vegetation cover, range of potential
 
hosts, density of human population, availability of man-made larval
 
habitats, man's habits of water storage, behavioural characteristics
 
of the A. aegypti population such as host preference and the choice of
 
hunting grounds, and lastly, a listing of other potential vectors of
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A. aegypti transmitted viruses. If information of thisldnd could be
 

worked into the computer program, the worldwide survey would come
 

closer to its goal, which I presume is to recognize the danger spots
 

and future developments.
 

For many areas
The information could be obtained in different ways. 


some information is available from published national surveys.
 

Additional information could be obtained by means of precise 
question­

naires which are simple to answer. Such questionnaires could be sent
 

the field staff of cooperating ministries of health, agriculture
out to 

or eduction.
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Table 1: Major characteristics of A ___ PO__l__tion_ o__erv__ in_ 

Habitat 
selection 

Host 
preference 

Larval 
habitat 

Key 
factors 

Population 
fluctuations 

Areas of 
occurrence 

(examples) 

feral zoophilic I.natural rain seasonal West Nile 

2 .man-made 
evaporation peak(s) and 

lows 
Bwamba 

feral anthropo-
philic 

I.man-made 

2 .natural 

rain 
evaporation 

seasonal 
peak(s) and 
lows 

Mombasa 
Dar as Salaam 
Ulanga District 

Tana River 
ambivalent 

feral and 
domestic 

anthropo-
philic 

l.domestic 
water 
containers 

2 .man-made 
3 .natural 

domestic 
water 
consuption 
and storage, 

rain and 

almost 
stable 
through 
year with 

minor peaks 

Kenya Coast 
parts of 
Tanzania Coast 
Southern 

Tanzania 
evaporation 

domestic anthropo-

philic 
domestic 

water 
containers 

domestic 

water 
consuption 

stable 

through 
year 

Dry belt 
parallel to 
Kenya Coast 

and storage 

0 




