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Foreword 

Searchlight on the ICIPE Scientific Programme 

The two years of 1981 and 1982 proved to be a period for reflection, for organising 

reappraisal of our core scientific activities, and for a clear-cut resolution as to what must con

stitute the size of the ICIPE. In this respect, it might well be useful to recall the words I wrote 

last year, in the Foreword to the 1981. Annual Report (Scientific Development: The Trial of 

the ICIPE Community): 

"'One important point that has emerged from a reappraisal of the ICIPE programme 

during the year 1981 is that the most crucial target of its research effort is 

the satisfaction of the resource-poor farmer in Africa and other tropical regions in 

his pest management needs. We are therefore reassessing all cf our research activities 

to ensure that their goals wil correspond closely with these needs, and that the 

research training we are undertaking for Africa is such that it will strengthen the 

national programmes in this critical area". 
One may well ask how far we have taken this exercise. 

We believe that we have undertaken this reassessment, and we are now implementing 

the recommendations arising from this exercise, to the deep foundation level essential for a 

substantial reorientation of the Institute's scientific activities. Firstly, we have phased out 

completely two research programmes within the two-year period - the research programmes 

on African Armyworm and Grassland Termites - we have also trimmed off several projects 

within existing research programmes: tick physiology (Livestock Ticks), trypanosome in vitro 

culture and trypanosomiasis immunology research (Tsetse), and mosquito projects (Medical 

Vectors) and we have reorganized the research units dealing with natural products chemistry, 

biochemistry, and bioas-ay into one integrated Chemistry and Bioassay Research Unit. 

Secondly, we have trimmed down our training programme considerably, in this way con

solidiating the remaining activitics into only six training projects: the Postdoctoral Research 
Fellowship Programme: the African Regional Postgraduate Progamme in Insect Science 

(ARPPIS); the Finanancial and Administrative Management of Research Projects in Eastern 
and Southern Africa (FAMESA); the International Group Training Course for Ecologically 

Sound Pest. and Vector Management Systems; the International Training Course in Insect 

Growth, Development, and Behaviour; and the Staff Development programme (for ICIPE staff 

only). Thirdly, the scientific programme has adopted two new elements, which will meet a 

critical need in each case: we have a new research programme on Insect Pathology aad Pest 

Management, which will assist the ICIPE in bridging the gap between fundamental research and 

operational pest management; and we have established a Biostatistics and Computer Service as 

a research support service for the proper design of experiments, effective and prompt statistical 
analyses, a start on computer modelling, and the undertaking of other relevant data processing 

functions. Finally, we have determined that the institutional size will remain a modest one, 

described in terms of approximately 44 principal staff-years for the foreseeable future. 

These decisions have 1aken considerable effort of the entire ICIPE community and the 

Governing Board to reach. It has been a difficult process, often a painful one. But we believe 

that the ICIPE is now walking a well prescribed locus - and the searchlight we unleashed two 

years ago will light our new-found way as we confidently take to it in the next several years. 

THOMAS R. ODHIAMBO 
Director, ICIPE 

2nd March 1983 
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Figure 1. Tick cells of R. appendiculatus in culture.
 
(A report of this research is given on page 13)
 

Some Considerations of Livestock Ticks in Africa 
Throughout tile world, but particularly

greatly 
in Africa, ticks and the diseases transmitted by theminhibit livestock production. The only method presently availableticks is tile application of acaricides for the control ofto cattle in dips or sprays. The use of acaricides to controlticks has many disadvantages,.0' two of tile most important of whichtance to acaricides 

6 are (1) Ticks develop resiswhich necessitates the continuous development of newfirmns (Tile increasing products by drugcosts of developing these products is becoming probibitive), ,and (2) It isbecoming widely recognized that the close-interval application of acaricides to cattlerequired for the control of East Coast Fever 
- which is 

- produces an inherently unstable situation wherethe entire cattle population wi1l be completely susceptible to tick infestation and the transmitted disease. If for any reason acaricide control is interrupted, thousands of cattle may die.In East Africa, the most important tick-borne diseases are Anaplasmosis, Babesiosis, Cowdriosis and Theileriosis. The first three of these occur ir many countries of the world, and bothvaccines and curative drugs for their" control have been availableor East for some time. Theileriosis,Coast Fever (ECF), which occurs only in East and Central Africa, is by far the mostimportant of these tick-borne diseases. It is caused by Theileriaparvaand is transmitted by thebrown ear tick, Rhipicephalus appendiculatus. It affects onlyIn indigenous cattle and the African buffalo.Zebu cattle, mortality is generally confineddepending on to calves and varies from 5% to 50%tile severity of the challenge to which the calves are exposed. Animalssurvive acquire an whichimmunity which is life-long and may become carriers. During the process ofacquiring this immunity, however, many cattle ae
European breeds 
stunted and prod uctivity is severely affected.
of cattle, and improved Zebu originating from non-ECF enzootic areas,very susceptible, and, arewhen they are exposed to the disease, morbidity and mortality approach
100%. One infected tick call transmit a fatal infection to cattle.
Fortunately, an experimental method of vaccinating

currently being used in 
cattle against ECF is available and isfield trials by colleagues at the Kenya Agricultural(KARI) Muguga, and also at the Research InstituteInternational Laboratory for Research(ILRAD), Nairobi. on Animal DiseasesCurative drugs for 

them, "Parvaquone", 
ECF have recently been identified and at least one ofis expected to be marketed in East Africa by Wellcome within the next

few months. 



Livestock Ticks Research Programme 

In view of the foregoing considerations(preceedingpage) it seeins obvious that a balanced 
and ecologically sound method of controllingECF would result if biologicalcontrol of the tick 
could be achieved in conjunction with vaccination and drugs. Accordingly, the Tick Programme 
at the ICIPE has concentratedon producing methods for the control of R. appendiculatus.As 
has been previously reported, two types of resistance are being investigated, designated Type 1 
and Type 2. 

Type 1 resistance is acquired by host animals following tick infestation, and is an immune 

response to the innoculation of antigens in the saliva of the feeding ticks. It has already been 

demonstrated in a small field trial that Type 1 resistant cattle can control field populations 

of ticks. 
Type 2 resistance isproduced wizen antigens obtained from tick homogenates (not present 

in tick saliva) are innoculated into host animals. Antibodies against the antigens, ingested by the 

feeding tick, react with the target antigens and affect the subsequent development of the tick. 

It is expected that cattle which have both Type 	1 and Type 2 resistancewill have an enhanced 
resistanceto tick infestation. 

During 1982 investigatioishave continued to improve Type 1 and Type 2 r2sistance,parti

cularly in cattle, and preparatory work has been carried out to pave the way for large-scale 

field trials for the integratedcontrol of ECF. Some of these investigationsare described below. 

Survival of Rhipicephalus appendiculatus 	 tation, increases markedly soon after the start 

of the long rains. Engorged nymphs wereTicks under field conditions 
placed in nylon gauze bags on the surface of 

This long-term experiment, which started the soil, lightly covered with leaf litter, in 

;n 1979, was concluded in early 1982. After pasture at the Kenya Agricultural Research 
exposing ticks in field arenas, at three diffe- Institute (KARI), Muguga. Ticks were expos

rent times of the year, results showed that ed in January, February and March 1982. The 

adults at Muguga could survive up to 20 rainy season started abruptly at the end of 

months, nymphs up to 14 months and larvae March. Identical batches of ticks were observ

up to 8 months. The time of the year when ed in the laboratory at 28 0 C/35% relative 
the ticks were exposed seemed important, humidity (r.h). 
since those ticks exposed at the end of the In the field most of the adults moulted 
dry season survived better than those exposed in 3-4 weeks, and few unmoulted; live nymphs 
at the start of the dry season. The final were found after 5 weeks. When each bag was 
collapse of the population, however, coincid- checked any unmoulted ticks were also placed 
ed with the dry season. This work is now at 280 C/85% r.h. to complete development. 
planned to be done in other areas including Some adults (see Table 1) experienced delays 
the Transmara district of N,-xok and the Kuja in moulting, especially those exposed in 
River area south of Nyanza. It will include February. After 14 days they fell into two 
other species of ticks, as well. categories and a few did not even complete 

We know that the number of adult ticks development in 56 days. Normally, the engor

found on cattle, or collected from the vege- ged nymph becomes immobile after a few 
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Table 1: Mean number of days to moult by engorged nymphs after transfer from t.e field 

to a constant 280 C/85% r.h. 

Days of exposure 

7 males 
females 

14 males 
females 

21 males 
females 

23 males 
females 

56 males 
females 

control 280/85%r.h., 
sexes together 

Date exposure started 

29/11/82 17/2/82 17/3/83 

9.9 10.4 9.1 
8.4 8.8 8.2 
7.0 7.3* 5.7 
4.4 5.9* 4.2 
2.4 4.3 2.6
1.0 4.7 3.2 
-

.2 
-
 3.0- 2.0 

- 1.0 

11-15 14-16 11-15 
*There were also ticks which took much longer to moult; males 14.3 days, females 13.3 days 

days, as development proceeds. In the extend-
ed pre-moult periods that we observed, how-
ever, some engorged nymphs remained mobile 
for many days, suggesting that early develop-
ment was arrested, 

Individual nymphs were also weighed,
placed in separate vials and moulted at 
190 and 280 at 44% and 85% r.h. respecti-
vely, then checked daily for moulting. There 
was a consistent difference (Table 2) as expec-
ted between the sexes with males taking 13% 
- 14% longer than females to moult. Deve-
lopment was also slower at the lower r.h. 
and at 19 0 C/44% r.h. three males had extended 
pre-moult periods (42-44 days compared
with the modal value of 36 days). There was 
also a small lengthening of the pre-moult 

period in all cases correlated with nymphal 
weight. 

Each time that samples of engorged
nymphs were put out in the field another 200 
were scattered on the ground around them. 
Later, the moulted adults were counted on 
the grass each week. At the end of sampling 
in mid-May, the ticks on the vegetation 
were collected daily for 5 days, then at
weekly intervals, and later monthly until 
Decemhpr. The total recovery was 52.0%, 
51.1% and 36.0% of those broadcast in 
January-March respectively; 83% of them 
were taken in the first 5 days. Assuming that 
these ticks also took an average of 3 weeks to 
moult, it was another 3 weeks before the 
January and February ticks were seen on the 

Table 2: Mean (+ S. E.) duration of pre-moult in ticks under controlled conditions, sample size 
in brackets 

190C 

Males Females 

44% r.h. 85% r.h. 44% r.h. 85% r.h. 

36.3 ± 1.7 * 35.7 ± 0.1 31.9 ± 0.2 31.5 ± 0.7 
(84) (87) (14) (12) 

12.9 ± 0.1 ** 
(84) 

12.9 ± 0.1 
(68) 

280C 
12.0 ± 0.0 ** 

(15) 
11.4 ± 0.1 

(31) 

Difference between means significant *P<05 **P<0.01 
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grass and 2 weeks for the March sample. 
Thereafter numbers ,ounted each week 
rose in parallel with the accumlated rainfall. 
Thus the January ticks had a period of (;

they built tip
of low activity beforeweeks 

to a high level of aotivity after the rain 
started. The March ticks were alrealy very 
active 3 weeks after they moulted as it, was 
raining by that time. 

From detailed observations of am bient 
temperature and r.h. and temperature from 
four points on the soil surface beside bags :,)' 
moulting ticks, it, was obvious that the 
ticks were experiencing a very wide range 
of temperature and r.h. Nevertheless 
79% of the January sample moulted, although 
few survived in the bags until the rain staited. 
lor the *larch sample 90", moulted and 
most aultS were still alive when the 
observations enlde( 5 weeks later. Ticks 
that were free to seek their own hiding 
pllaces survivedt better tbhan those confined 
in bags only a few c!m. away. After mid-May 
very few more ticks asce nded the vegetation. 
We are continuing otir observations to see 
what proporti(on of the uncollected ticks 
become activ,, in the 198' rainy season. 

Feeding Performance 
of Field-derived Ticks Compared 

to Laboratory Controls 

This work was carried out to investigate 
the possithility that ticks, originating from 
an area where they bad been exposed to resis
tanti hosts over an extended period, might 
have acquired a resistance to Type 1 resis
tance in host animals. The feeding performance 
of Narok-derived tR. appendiculatus was 
compared to that of laboratory controls on 
both resistant and susceptible hosts. Preli
minary results have shown that all the three 

instars of the field-derived ticks had a higher 
proportion feeding and attained better 
engorged weights than control ticks fed on 
reistant rabbits. Table 3 indicates that the 
Narok-derived larvae had a better propor
tion of fed ticks lW 0.01 ) and attained better 
engorged weights ('<0.01) than laboratory 
controls on resistant rabbits. There was no 
significa'it, difference between field-derived 
and laboratory-contmrol larme on s;usceptible 
rabbits. Similar results were obtained for 
nymphs and adults, with field-derived nymphs 

Table 3: The number (out of 100) and the mean weight (rag) of larvae feeding and moulting 
successfully into nymphs: Narok-derived versus control laboratory-derived larvae. 

H-ost 

Resistant rabbits 

T386 
T388 
T389 
T390 

x 

Resistant attle 

R,64 
R67 

Susceptible rabbits 

R458 
R459 
R477 
IZ478 

X 
*out of .100 larvae 

Narok larvae Control larvae 

No. Wt. (mg) No. Wt. (mag) 

86 0.51 58 0.38 
89 0.49 51 0.35 
80 0.48 52 0.40 
93 0.52 54 0.34 

87.0 - 5.5 0.50 0.02 53.8 ± 3.1 0.37 ± 0.03 

57* 0.46 39* 0.41 
12* 0.39 9* 0.36 

74 0.52 82 0.54 
74 0.57 88 0.50 
75 0.50 75 0.52 
78 0.55 96 0.49 

75.3 4 1.9 0.54 ± 0.03 85.3± 8.9 0.51 i 0.02 
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being significantly more variable in engorged
weight on resistant rabbits. Field-derived 
larvae, however, when fed on a couple of 
highly resistant cattle, failed to feed signifi-
cantly better. More "tick feedings" on resis-
tant and susceptible rabbits and cattle are 
being carried out to establish possible sources 
of the observed differences, 

Induction of Type 2 
Resistance in Type 1 


Resistant Cattle 


Seven cattle with long previous experience
of 'eeding ticks were subjected to our stan-
dard tests of feeding 100 nymphs on one 
eU and 20 d,, + 20 '9 on the other, with 
identical feds on pairs of naive control 
rabbits. The cattle were then inmunised 
with an extract of whole engorged female 
ticks + l"reund's complete adjuvant (FCA).
Twenty-nine days later they were tested again
and] given a booster injection of the same 
antigein + Freinrd's incomplete adjuvant
(I"ICA). Tweny -two days after that they were 
tested again, and further tested in two groups
after another 112 and 147 days (the latest 
tests are still in progress). The results are 
given in Table .1. The cattle results are also 
shown as percentages of the controls, since 
in some cases the rabbits did not give consis
tent results from test to test. 

One animal was outstanding over the first
3 feeds, yielding not a single live larva from 
the adults feed on it, and only an average of 
5 adults per 100 nymphs. Three others allowed larval production of 15%-17% of full 
potential and 19-28 adults per 100 nymphs.
For these 4 cattle the mean weight of the 
nymphs which engorged on them was only
4.2 mg by the third feed i.e. 45% of the 
weights from the control rabbits. This ensured 
that the resultant adults would also have redti-
ced survival and lowered fecundity, 

Type 2 Resistance to Ornithodoros 
porcinus porcinus in Rabbits 

Preliminary investigations on type 2 resis-
tance to O.). porcinus in rabbits were started 
using an in vitro system. The aim was to esta-
blish an in vitro system which could also be 
used to assay antigenic material from Rhipi-
cephalus appendiculatus and try to identify 
common antigens from different tick species, 

10 

Groups of rabbit- were immunized with 
materials from ticks using FCA, e.g. whole 
fresh egg homogenate, mated female repro
ductive system, day 4 post-feeding midguts, 
protein fraction from eggs and day-9, 5th 
instar nymph haemolymph. Boosting was 
regularly clone fortnightly using FICA and 
bleeding was also done to obtain serum for 
precipitin tests. Eight-week immune sera 
showed strong precipitin lines against antigens. 

Nymphal and adult ticks wereon bloodmeal composition fed in vitro
of 1:1 pig red 

blood cells to rabbit serum. Nymphal ticks 
were observed for moult deiay while female 
ticks were mated, laid eggs and the eggs were 
observed for hatching and mortality.

Among nymphal ticks fed on bloodmeal 
fortified with antisera to haemolymph, moult 
delay of 3 days was observed. Among those 
fed on anti-midgut serum, moult delay of 
3-5 clays was observed. Among the female 
ticks fed on pig red blood cells fortified with 
immune rabbit serum there does not seem 
to be any adverse effects on either egg morta
lity or hatchability following the first feed on 
immune serum. I a second feed of the same 
females on immune serum, however, there 
was seemingly high mortality among the trea
ted females ranf;ing from 25-80% compared to 
9% for ticks fed on normal pig blood and 38% 
for ticks fed on normal rabbit serum. 

Type 2 Resistance 
to Rhipiceplahs appendiculatus 

Experiments are in progress to investigate
 
type 2 resistance to R. appendiculatusin both
 
mice and rabbits. Both mice and rabbits have
 
been immunized with B-protein fraction of
 
fresh eggs of R. appendiculatus, midgut
homogenate and A' fresh egg protein fraction. 
Also 2 groups of mice were immunized with 
whole homogenate of fully engorged nymphal
and larval R. appendiculatus in Freund's 
Complete Adjuvant. They are bled and boos
ted fortnightly with FICA. 

Precipitin lines have been shown with immune sera from both mice and rabbits immu
nized with B-protein, A' protein, larval 
and nymphal homogenate. Plans are under
way to feed ticks on immune animals and 
observe whether there are any adverse effects 
on larval and nymphal development, female. 
reproduction, egg hatch, and mortality. 



Table 4: 	 Test feeds using 20 females (plus 20 males) and 100 nymphs of R. appendiculatus,with 
fresh control rabbits in each case; cattle results as percentage of controls in brackets 

Adult feeds Nymphal feeds 
Mean engorged Live, 

Feed no hosts 9? fed wt (Mg) LL % fed mean (rg) adults 

1 7 cattle 5? (68) 244.0 (109) 419 (.14) 46 (4t7) 5.3 (60) '12 (46) 
2 rabbits 78 -. 7 946 97 8.8 92 

2 7 cattle 55(85) 123.5 (18) 88(15) 32(39) .1.1 (46) 19(24) 
2 rabbits 65 256.8 585 82 9.0 78 

3 7 cattle -15 (75) 170.8 (68) 73 (17) 37 (39) 4.7 (51) 32(33) 
2 rabbits 60 251.1 .127 96 9.3 96 

4 7 cattle 55 (62) 139.3 (.15) - 38 (45) 3.0 (43) 

1 rabbits 89 307.8 - 85 6.3 

1. Yield of live larvae per Y applied 2. Yield of moulted adults per 100 nymphs applied. 

Effects of Tick Infestation After several different ways of tick appli
on Growth Rate of Cattle cation were considered, it was decided to 

apply the tick (R. appendiculatus)every week 

by means of earbags to be placed on alter-
This work has been undertaken with the nate ears. The bags were removed after 48 

purpose of establishing basic information on hours when the viable ticks were attached and 
the effect of ticks on cattle under controlled feeding. The necessary weekly tick supply 
conditions, trying to minimize the influence was estinated at 4.500 adults and this 
that other constraints such as management, number is regLI1arly obtained by feeding the 
nutrition and diseases may have on the equivalent number of nymphae on 10rabbits 
animals. Thirty cattle were kindly lent by the every week. 
Director of the Veterinary Research Dept. The animals have been divided into 3 
KARI, Dr. Walter Masiga, for this study Lroups of 10 animals according to weight and 
including 17 Bos indicus type, 6 Bos taurus breed. 
type and 7 Bos indicus x Bos taurus crosses. Group 1: Animals maintained tick-free 
Their ages ranged between 6 and 16 months during the whole experiment 
at the beginning of the experiment (May Group 2: Animals infested with 20 females 
1982). The animals were separated according and 20 males every week. 
to age and size and kept in separate pens in Group 3: Animals infested with 200 fe
groups of 3 or 4 animals. The animals are males and 200 males every week 
being fed with concentrates and hay in mea- (Referred to throughout the report as groups 
sured amounts. 1, 2 and 3). Ticks have ncw been applied 

Two months were allowed for the animals for 18 weeks. Ticks which do not attach, and 
to get used to the new feed and handling therefore are removed with the earbags two 
procedures. They are being weighed and bled days later, are counted. Five days after appli
two times a week and during the course cation those females which drop to the floor 
of the work they have been dewormed of the pens are collected and weighed to eval
and inoculated against Leptospirosis., Black uate the possible effect of .'eveloping resis
leg, Anthrax, Foot and Mouth Disease and tance in the animals. Exbags are also applied 
Rinderpest. Several animals showed Ana- to the control animals for the same period of 
plasma marginale infections and it was decid- time as the tick-infested animals to compen
ed to treat all animals with imidocarb dipro- sate for any effect that the earbags or their 
pionate and check blood smears at weekly application may create. 
intervals. Temperature of all animals is check- Food consumption is being measured in the 
ed daily. different groups of animals but this cannot be 

Before tick application, the animals were done very precisely. Nevertheless. the concen
tested for tick resistance against R. appendi- trates given are calculated as 3% of the body
culatus and Amblyomma variegatum by weight of the animals in each pen and half 
means of the 100 nymphal test (100 NN test) bale of hay per pen is added every day, there
and they were shown to be tick susceptible. fore, food is considered to be 'ad lib'. 
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Table 5: Mean tick challenge estimated at 48 hours and number of female ticks which were 
still feeding on the animals 3 days later. 

GROUP 

Mear. and 

Date of 
S.D. of females 
which stayed 

application on at 
ticks 48 hours 

14.7.82 17.9 ± 1.2 
21.7.82 17.2 ± 1.7 
28.7.82 16.9 ± 4.2 

4.8.82 16.8 ± 2.1 
11.8.82 16.5 ± 2.7 
18.8.82 16.9 ± 1.9 
25.8.82 16.4 ± 1.8 

1.9.82 18.2 ± 0.7 
8.9.82 15.6 ± 1.8 

15.9.82 10.1 ± 3.8 
22.9.82 16.3 ± 3.2 
29.9.82 13.4 ± 4.6 
6.10.82 18.0 ± 0.8 
13.10.82 17.8 ± 2.7 

The surmarized results available 
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Mean feeding 
females 3 
days later 

11.7 ± 3.4 
11.2 ± 3.7 
11.8 ± 4.9 
14.3 ± 3.0 
9.7 ± 4.1 
5.8 ± 2.1 
9.7 ± 2.6 
8.5 ± 3.9 
9.6 ± 3.9 
4.3 ± 3.0 

13.6 ± 5.0 
5.3 ± 3.4 
7.5 ± 3.5 
7.5 ± 3.5 

GROUP 3 

Mean and 
S.D. of females 
which stayed Mean feeding 
on at females 3 
48 hours days later 

168.7 ± 11.5 58.5 ± 34.7 
178.8 ± 21.6 68.2 ± 28.5 
158.3 ± 26.2 43.7 ± 26.5 
145.9 ± 23.9 66.2 ± 30.5
 
165.C, ± 11.8 45.5 ± 27.4
 
163.2 ± 24.3 23.9 ± 19.4 
158.1 t 34.1 46.1 ± 27.3 
163.4 ± 10.2 35.5 ± 21.0 
157.4 ± 50.9 40.7 ± 26.4 
127.0 ± 18.8 25.0 ± 14.7 
173.9 ± 11.6 70.2 ± 21.9 
175.6 ± 11.3 50.4 ± 26.3 
161.5 ± 15.3 45.3 ± 26.2 
170.5 ± 12.3 38.0 ± 24.3 

after 12 temperature, blood values, ear condition,weeks of tick application are shown in Tables lymph node enlargement and weight of5-9. The data are also being analysed by breed engorged ticks dropped by the animals isand age, and there appear to be some interes- also being produced. Finally, observations onting differences. A considerable body of in- the grooming and licking behaviour of theformation on the other parameters namely animals are being made throughout the 

Table 6: Mean weight and percentage weight experiment. 
gains of.group 1 cattle 

Mean weight 
Date and S.D. (Kgs) 

20.7.82 1,16.8 ± 23.3 
27.7.82 154.3 + 23.9 

6.8.82 161.7 + 25.1 
13.8.82 169.0 ± 26.5 
20.8.82 177.2 ± 27.9 
27.8.82 179.1 ± 28.0 

3.9.82 182.2 t 28.3 
10.9.82 190.9 ± 29.9 
20.9.82 195.5 ± 30.6 
28.9.82 203.4 ± 31.3 

5.10.82 208.9 ± 31.1 
15.10.82 213.9 ± 29.3 

Table 7: 

% weight 
gain after 
tick appli-
cation to 
the other 
groups* Date 

10.21 27.7.82 
15.84 27.7.82 
21.40 6.8.82 
26.88 13.8.82 
33.03 20.8.82 
34.4 f6 27.8.82 
39.04 3.9.82 
43.32 10.9.82 
47.00 20.9.82 
52.70 28.9.82 
56.83 5.10.82 
60.58 15.10.82 

Mean weight and percentage weight 

gains of the group 2 cattle 

% weight 
gain after 

Mean weight tick appli
and S.D. (Kgs) cation 

161.6 ± 28.1 9.04 
171.7 ± 30.5 15.86 
176.1 t 30.1 18.82 
180.7 i 30.1 21.93 
188.8 ± 26.9 27.39 
192.7 ± 28.3 30.03 
199.1 ± 28.5 34.34 
202.4 ± 27.9 36.57 
205.8 ± 27.0 38.87 
212.8 ± 28.6 43.59 
219.3 ± 31.6 47.97 
229.2 ± 28.8 54.65 

*Percentages are calculated by considering the mean Note that the first tick application was on the 14,7.82of the last 5 weighbirgs before tick infestation as zero. and from that date, ticks were applied at weeklyThis is the same for Tables 7 and 8. intervals 
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Table 9: Mean packed cell volume of the 3 groups of animals before and after tick infestation 

Group 1 
Date Cattle 

6.5.82 	 34.7 ± 2.6 
2.6.82 	 35.1 ± 4.6 

22.6.82 	 32.1 ± 1.8 
20.7.82 	 36.8-± 3.8 
27.7.82 	 39.9 ± 3.0 

6.8.82 	 36.1 ± 4.6 
13.8.82 	 36.2 ± 2.3 
20.8.82 	 40.7 ± 4.3 
27.8.82 	 37.7 - 3.9 
3.9.82 	 38.2 ± 5.4 

10.9.82 	 37.7 ± 4.0 
20.9.82 	 39.4 ± 6.8 
28.9.82 	 42.5 ± 2.9 
5.10.82 	 42.9 ± 3.7 

15.10.82 	 39.4 ± 2.0 

Note: Tick application started on 14th July 1982 

Tick Cells in Culture 

This work was carried out in the hope that 
target antigens for induction of Type 2 
resistance might be produced in vitro. 
Embryonic tick cells have been grown in cul
ture from 21 day-old eggs of Rhipicephalus 
appendiculatus. Cultural conditions consisted 
of equal volumes of L-15 and RPMI 16,10 
media supplemented with 20% fetal bovine 
serum and 10% tryptose phosphate broth, 
Cell growth occurs at temperature ranges of 
29o-370 C but optimum growth has been 
found to be at 340 C. (See Figure 1, page 6) 

Table 8: 	 Mean weight and percentage weight 
gains of the group 3 cattle 

% weight
gain after 

mean weight tick infes 
Date and S.D.(Kgs) tation 

20.7.82 159.9 ± 28.9 5.13 

27.7.82 173.1 ± 30.9 1.3.81 
6.8.82 176.9 ± 32.7 16.30 

13.8.82 182.8 ± 30.7 20.18 
20.8.82 192.5 ± 37.7 26.56 
27.8.82 195.9 ± 34.9 28.80 

3.9.82 204.4 ± 35.2 34.38 
10.9.82 203.8 ± 33.5 33.99 
20.9.82 210.1 ± 37.3 38.13 

28.9.82 215.1 ± 36.2 41.42 
5.10.82 222.2 ± 36.8 46.09 
15.10.82 233.6 ± 39.8 53.58 

Group 2 	 Group 3 
Cattle 	 Cattle 

32.3 ± 5.3 	 30.4 ± 4.5 
32.7 ± 4.7 	 32.8 ± 5.0 
28.0 ± 4.2 	 31.1 ± 2.8 
33.1 ± 4.7 	 34.6 ± 3.8 
35.9 ± 5.0 	 34.6 ± 1.6 
32.5 ± 6.2 	 33.1 ± 2.7 
30.6 ± 10.1 	 34.0 ± 2.9 
37.3 ± 3.5 	 36.3 ± 2.5 
35.8 ± 4.2 	 35.0 ± 3.5 
36.6 ± 3.2 	 34.3 ± 3.9 
36.4 ± 4.2 	 34.8 ± 3.9 
36.5 ± 5.5 	 35.9 ± 3.4 
38.8 ± 4.0 	 39.4 ± 2.4 
37.0 ± 3.7 	 37.1 ± 1.9 
38.3 ± 4.6 	 36.4 ± 1.6 

Morphologically the cells are either epithe
lial or fibroblast-like or are round-shaped. 
The cells will be tested in animals for induc
tion of resistance to tick infestation. 

Rabbit antiserum against CD 
tick egg protein 

In a double diffusion (Ouchterlony) 
experiment, rabbit antiserum to Rhipicephalus 
appendiculatus egg protein fraction CD 
(M.Wt. 1.4 ... 2.2 x 104) was reacted against 
X) R. appendiculatusegg protein fractions A4 

(M.Wt. 2.1 x 106), A1 (M.Wt. 5.1 x 105), B 

(M.Wt. 1.06 x 105) and CD; and Y) R. 
appendiculatus protein fractions A4 , A1 , B 
and CD. However, the latter were laid by 

ticks which had been fed on rabbits sensitised 
against protein CD. The results are summerized 

below. (Table 10, P. 14). 
Antigens 1, 2 and 3, observed in the A4 

fraction are absent in treated eggs. Likewise, 

A1 antigens 3, 9 and 10 are not present in 
treated eggs. However, there is a new antigen, 
11 in treated A1 . B appears to be unchanged 

by the treatment. Antigens 4 ad 5are present 
in control and treated CD fractions, however, 
treated fraction CD has two additional 
antigens, 12 and 13 (Figure 1, P. 14). 

13
 

http:15.10.82


Table 10: The reaction of rabbit anti-CD with tick egg proteins, A Ah, B and CD. o -normaleggs; Ax - treated eggs. The number of symbols denotes tie intensity of reaction. 

Antigens A4 A1 B CD Inference 

1 0 0
2 00 	 Antigens 1 and 2 are exclusive to A4 ,) but absent from treated eggs.
 
3 0o o 
 Antigen 3 present in A4 and A1 . How

ever, it could be an A1 protein contaminating A4 

o o o o4 Either present in B and CD or it could be 
A CD protein exclusively, but contaminatna a ing B present in trca d eggs 

5o 	 o Exclusive CD protein present in treated_____eggs. 

6 	 o ) Antigens 6, 7 and 8appear to be exclusive 
) B proteins. Perhaps they correspond to 

7 ) the three major proteins of the B0 0 0 complex, observed by isoelectric 	focus
__a a) 
 ing and ion exchange chromatography. 

8o 	 0) ) 
~) 

o9 	 ) Exclusive A1 antigens. Not present in 
treated eggs.
10 .	 ) 

11 
 A n 	 Present in treated eggs only, suggesting a 
change in A1 after treatment. 

12 
 ) Exclusively in the CD fraction but only
) after treatment 

13 ) 

A4 	 A1 A4 " A1
0/ 	 0 0 

0 	 "0
 

CD BB 	 C B 

x YFigure 1. Precipitin lines obtained 	by doing a double diffusion experiment with Rhipicephalusappendiculatusegg protein against 	the antiserum to the protein. 
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Tsetse Research Programme 

Trypanosomiasis, commonly known as sleeping sickness, is a disease unique to the African 

continent although two forms of it (Chaga's disease and vivax trypanosoniasis)occur in South 

America. Sleeping sickness and Nagana are extremely important in Africa because of the prob

lems they pose to public health and livestock development. 
The geographialdistribution of trypanosomiasisis coincident with that of the vectors of 

the disease -- tsetse, which are found in an area of about 10 million square hilometres of the 

African continent. The endemic pattern and persistence of the disease is due to the fact that 

some game (,nimals and some domestic animals are reservoirs of trypanosomes. Due to the 

broad spectrum of host preferences of the vectors, and to the fact that these reservoirs con

tin uouslV provide the tsetse with trytanosoimes, control measures to date remain inefficient. 

Past control sch2enis have met with varying degrees of success, r'eflecting the operational 

and technica. constraints encountered. Another major factor has been the incomplete under

standbig of the ecology and behaviour of the species concerned. In an attempt to throw more 

light on thuse aspects of tsetse biology, the ICIPE has plaed great emphasis on studies of 

tsetse ecology and behaviour, and on th, epidemiology of the trypanosomiasis as transmitted 

by tsetse. A sound knowledge of these aspects is a fundamental prerequisitefor determining 

tihe prospects for successful tsetse and trypanosomiasiscontrol. 

Ecology 	 a methodology by which samples of adult 
tsetse population (Glossina pallidipes) can be 

Tsetse population sampling 	 translated into true estimates of population 
size and composition. 

For studies on population dynamnics of 
tsetuse flies, unbiased estimates of population 
size and composition are required. Ideally, 
a sample of tsetso from a particular samplinfg 
device would constitute a fixed and repre-
sentative fraction of the total population --
this fraction being the sampling efficiency of 
the technique. However, catch size is affected 
not only by the density but alb;o by the activity 
and physiological state of the population. 
Moreover, different omponents of the popu-
lation, such as males and females, may differ 
in their activity. T.is inherent 'activity' 
bias affects all tsetse sampling techniques. The 
various sampling devices used add further 
bias, since components of the population differ 
in their responses to different attractarts. 
As a result, different sampling methods may 
not give the same picture of a population. 
The objective of this research is to develop 

Since the biconical trap is presently the 
most widely used sampling technique, the 
initial aim has been to determine correction 
factors for samples using this trapping method. 
Two approaches have been utilized: firstly to 
compare seasonal changes in biconical trap 
catches with mark-release-recapture estimates 
of population size, and secondly, to release 
known numbers of marked flies within the 
attraction range of a trap to see what propor
tion is recaptured. 

Work on the first approach has been 
carried out from March to December, 1982 in 
a 600-metre stretch of wooded valley in 
Shimba Hills National Reserve, CoastProvince. 
Biconical trap samples have been taken at 
monthly intervals (5--day periods) and mark
release-recapture estimates at two-monthly 
intervals (12-day periods). Traps were 
replicated in 3 site types - along the valley 
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floor, along the edges and 5 metres from the 
edges. Climatic factors were monitored and
flies from some traps were kept for ovarian
dissection or fat/haematin analysis. Thus 
differences in daily catctes can be analysed
in relation to climatic and physiological
fictors. 


Apparent density 
 of the tsetse popula-
tion declined from March, as the rainy season
progressed, increasing again towards the end 
of the year. The concurrent rark-release-
recapture stuzdies were carried out using
flies captured in the same biconical traps,
although in November, additional traps
weie set at 200 metres from the valley edges
to investigate dispersal. Flies were marked 
with oil paint after laboratory studies showed 
no significant difference in survival rates of 
marked and unmarked flies. In March a
comparison was made of feeding-the-flies with 
rot-feeding them prior to release. Recapt, re 
rates were higher when flies were fed, proba-
lly because mortality or disprsal of hungry
flies was reduced. Subsequently, flies have 
been offered food before release, with a feed-
ing ra.e of about 25%. Male recapture rates
have consistently been higher than female 
recapture rates, and there has been cycling of 
recaptures. This last factor, together withsome evidence of atypical dispersal of marked
flies, has complicated the analysis and the 
effort to obtain absolute )oPilation estimates 
for comparison with the 	apparent densities 
from biconical trap,., but such analysis is 
now underway. 

For the second approach, the initial 
am has been to determine the range of 
attracti.ri of the biconical trap. This has 

been done by varying the inter-trap distance 

within groups of four, on the assumption that
where the anges of attraction overlap, the

catch per trap will 
 be reduced. Another 

method used 
 was to vary the distances of 

traps from the tsutse concentration at the 

edge of a thicket. Preliminary analysis 

suggests that 15 -- 20 m etres is he maxim um

effective range of attraction for the biconical 

trap. Trial releases of flies within 
 this range
have been carried out atthis 	 wvork Shimba Hills, butwill 	continue at Nkruman in 1983. 

G. pallidipes in the I.anbwe Valley 

In the absence of further tsetse control 
measures in the Iambwe Valley (see 1981 
Annual Report) routine monthly monitoring
of the G. pallidipes popilation, using biconi-
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cal txaps, has continued through 1982. Three 
selected habitats characterised by different 
vegetational associations were established as
monitoring sites: thicket, woodland and 
coniferous plantation. Following the virtual 
des;tauction of the population by the 1981 
aerial spraying campaign (over 99% reduct
ion), the population has proceeded to recover. 
The following aspects were observe d: 
, Recovery to the pre-6pray population

density was filly achieved in the thicket 
on the floor of the valley exactly 12 
months after cessation of spraying
operations, and the population has 
remained fairly stable since, at roughly
the previous equilibrium level. 

a 	 The recovery was evenly progressive in 
the thicket, but the rate far exceeded 
that which could be explained on the 
basis of reproductive potential alone 
(the population tripled in size each 
month for 6 consecutive montns).
Evidently pockets of fly which survived 
the spraying were being recruited into 
the area where sampling was being 
carried out. 

* Compaed to the thicket population,
populations remained very low in 
adjacent woodland and in a coniferousplantation further away, with no indica
tion of gradual increase. Simultaneous 
with the full re-establishment of the 
thicket population, however, the wood
land population underwent an instanta
neous recovery (with a 200-fold increase 
between two successive months) to its 
pre-spray level. A similar but much less 
marked increase also occurred in the 
coniferous plantation at the same time. 

The recovery was not sustained in the 
woodland, since the population sub
sequently fell back and remained at less 
The plantation has also stabiised at a 
much lower level than initially. 
m u ld pper tha n tially. 

Itp would appear that once the thicket 
population reached an optimum density, 
mass movement of flies occurred fromthicket to adjacent vacant habitat.Experiments were also carried out to see 

the underlying causes of differences in sexratio and age structure recorded in populations
sampled from different localities. Measure
ments of light incident on traps revealed 
highly significant, positive correlations 
between illuminance (related to the degree 
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of shading vegetation ) and both feinale and 
non-teneral fly percentages in trap captures. 
TbhLs was sUbsequently confirmed ly a diel 
activity pattern study ill which 1iucmlers, 
sex ratio and age structlure of hourly samplhs 
were recorded together with corresponding 
hourly recordings of light intensity, temlera-
ture and saturation deficit. TIhe female 
pLercentage in hourly capture:; closCAy followed 
the diel light intensity profile, while the 
percentage of 0 category fema!es (nullipars, 
less than 10 days old) was inversely related, 
The male age structure changed little with 
time ol day, excep t that a younger sam ple 
was o)tained in the early no irning and late 
evening. Characteristically different male 
and female activity patterns were recoided, 
buot the total nlmhers catug t, hourly 
express-d, as a proportion of the overall daily 
catch--was closely related to both1 teimperature 
and satili hon deficit profiles, 

Previous data oil ahortiou rates from 24 
hr caPtUre samples was suspect on account, of 
the phenonnen ()!" Iral -inducei abortions. 
To determine n1101V accurately the true 
abo:rtion rate, and at the saine time to estimate 
thme extent of over-re I rerentation inl 24 hr 

sam; uies, rates were determlined simnultaneouslyft,,hs, rand w 2reetrinedcaptures thyvfrom hourly and 2,4-h ourly capures, in te
 
sanme lcality (thicket), monthly,. Fromn 6 


rate in hourly
data, the abortiommon 1.' s' 

samples omy varied from 1 to 2%, whereas 
those fiorn 24-hr samples were 3 to -4 times 
greater. Ev'n the apparent true-abortion rateswereesooewhatroveresti 
were sonewhat overestiated clue to Lhe 
problem of distinguishing between abortion 
and normal larviposition in instances of 
females with an emln)ty Uterus and a fully 
developed egg mx . in ovarian seqluence. 
The results also in dicated that there miray be 
age-specific differences in abortion rate, but 

contrary to what has lprevioumsly be' 
Supposed, it is young ratner than Old females 
that a-e morn prone to abortion; primogravid 

about half to the overallflies contributed 
abortion rate of all age ,:lasses. 

Vector capacity 

G. pallidipes in the Larnbwe Valley 
One year after sequential aerial applica-

tion of endosulfan aerosol (backed by ground 
spraying of residual dieldrin and bush clear-
ance in areas of difficult errain) G. pallidipes 
population in Lambwe Valley, South Nyanza, 
Kenya, had recovered to pre-sp'ay levels. it 
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was therefore necessary to monitor the 
reappearance of trypanotsone infections in 
th1e flies, l)'rtiCul;,rk' since the reservoir hosts 
were not (lis turel during the spraying 
operations. 'The following trypanosome 
in fection rates were o T.1served: bruce, 
0.. 1 : 7'. congohens,, 2.5; and '. vivux, 
1.1.6. 

7'. bracei isa1tvs were frozen and stared 
in IiLIquid nitrogen. These were later tested for 
their sensitivity to human serum. Isolates 
which were found to be insensitive to human 
serum were further characterized using 
enzyme electrophoresis on thin layer starch
gel. The enzyme electrophoretic patterns 
o1 served were compared with th ose obtained 
from human isolates. 

()f the 14 T. brucei tested so far, five 
gave enzyme electropheretic tpatterns similar 
to 7'. b. rhodesiense and four similar to 7'. b. 
gambicnsc. The remainder gave variable 

pattenls. 
Three of the four i.olates which gave 

results similar to 7'. b. rhodesiensecross-reacted 
serologically (agglutination tests). This suggests 
that some particular h uman-infecting sero
demes were circulating among the reservoir 
hosts on which the flies fed. The risk of 
human trypanosomiasis in this locality *sa very grave one. 

(;. pallidipe in the Meru National Park 

Previous Work at ICIPE has shown thatIPEthdsdueoto thae 
G. pallidipes from various reions of Kenya are 
qite different from each other in several 
physiological aspects. It is very likely that 
G. pallidipes from various populations vary in 
t]heinr ability to traismit trypanosomes. 
Dissections of aPprxmately 5,000 flies 

Meru Pak failed tocilscted from National 

reveal a single T. brucei. It is realized that 
current dissection methodology is not always 
accurate and it is toyassibleovrlook an 
infcted fly. 

The search for the presence of 7'. brucei 

infection in G. palliaipes from Meru National 
Park used trituration assay in mice. A total of 
550 G. pallidipes were collected, dissected 
and examined for trypanosome infection. 
Twenty-two (3.4%) were found to be infected 
with T. vivax, sixteen (2.5%) had 7'. congolense 
and one had a midgut infection. No T. brucei 
infection was observed. A total of 425 flies 
were homogenized and injected into 167 
mice.These mice were subsequently examined 



for the presence of trypanosome infection. 
Only T. congolense infection was observed. 
These results, and those of previous studies, 
very strongly suggest that 7'. brucei is absent 
from the G. 	pallidipes population in the Meru 
area. Analysis of saliva from these flies has 
shown that it is of relatively low protein 
content, a necessary component for iatura
tion of T. brucei. It is thcrefore possible 
that the Meru population of G. pallidipc:s 
has become resistant to T. brucei infection. 
This possibility is being examined. 

G. pallidipes in the Nkrumnan - Rift Valley 

fn the last report an account was given 
of experiments with revolving screens for 
trapping Glossina pallidipes. Some of the 
screens were cylindrical, others were flat 
revolving at different speeds. There are two 
main problems being dealt with in these 
studies. First is the sampling bim experienced 
in the biconical trap catches, in which teneral 
and young nonteneral flies are unde;>repre-
sented. The objective is to improve the 
quality of catches of that trap, and obtain 
representative samples. A second problem 
concerns finding a suitable means of sampling 
low density populations. This involves improv-
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Figure j. 	 Biconical trap with revolving 
cylindrical screen components 

Figure 2. 	 Biconical trap with revolving flat 
screen components 
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ing tile qtit t.i ty of i zp,'atcbhi's t,ttl aililigi 
the attraction oft thc itral,. 

The revlving screimn, werey Stecdificall; 
devloped t iallipfi tve tlu qutiility tif tat diies 
Of (. pullidps.' Th bait v itll Hat scret'ls 
ma king 20 revolitioiis p 'r iniitti.t was foutin 
to give the beste set ti Vt fly samtipe bay 
a.e ja'tes. By :itttluh atiracLie sitioiai-
.crettls to thte trill totl catcht's iiitprovti. 

Re'prodicive P'hysi,,logy 

f (!ossll, i ,;c'rsz'cts) 

Ti1te0 ttifl'k t-tlt llt',_ t. it.,t tfdtbai~ lltdVL 
tiK:tt pursced in ticye1 tioductive pliysio logy 

of l.t orsitills morsitlis. First, wssessnient of 

tle critical for o'e(c1t1 ac ion,tii t r 

1(1((i)l. oimti-ol ()I patl ttritittn aolld t'ltird, 

(italtgti'S ill cvciic lel 
n aticv\ at n[* tji. 

W't 1MtVe prtVvitt:;iy, 
I. I rcal ltd lit t F Inal 

Ilts iildlics te.rility ant 

dUtbiesdiiig 

, rli'tl I". 
s ltllol si.( ; t ihhint(tS 

otlier. ztbltrialities 

inl iarial ittliklc devcit)l1tinl in te':F' 

gt'ter1it1'I ot,olt by fr0icolinal's. 
rout tlve, sult , it (a:,t-tilt, Itt piinOltt 

tie stsitiv e sttt iii d.i ci.h-'itdl tt-

dcltit, cyclej or b do) ountlal still!( ill the1 

F' o IfT I' igt e 

ffectiVc. 'l 'ettref 
tleiit'ci allo trtrf.'l 
riit'kiclr' Ill,,,110m' 

Ft lnlit, wteI'c 
ttlot," tttit'tlly , or 

e } 0CT 
C, 
tttitt) 

, 

treatell 

elttI W,' Ill, 
l r Illht. \\ ct, 

Uitdnlint. t[he 
,, 

wit'l tjrtC ,tcnt, 
by coitact of' treatetd 

surface, at at kIn'tVIi itilw aftter t:acl of the 
firs 3 1,1,i It)osition s. 'TreatI, I I ran ged 
I in iin 1 811 topial icati on1 5 to tfot a 
aml i to 70h ttti th~e colt tact ttto. Also, 

rt',ot: iLeW\tS atllied toi ically OlntO tile 
Ittler, witse epiodliictive cycle was inl ail-
tin ry ogeiitsis t )r1"il u It) ' first larival i 

RtesulIts ttf t e erinien ts show that. the 
target tsitle ib seils iliveto ,xtile'o(e..aie at titoi 

dturiing thte ea_,].' stages ofI ciiil ry ogl~Iesis.0(adtnrvs d fit stagtis gelei tthofr lr . (ar 

insensit ive. '\thitier con fpleti, sterility or 
other follicle abiointlilies are tallse(t or itlot 

depend-is onl lle tiine at whict ricoco 
ieacthes tire target tisli,., within tthe tia'rowreaches i the seiT iSitu Wtd tilt'in 
rarge of the seasitive period tPar'kirit~iol' is it gatled , 01 lItS l,'t: dLt. 

110,'nally occurs titt ill tic photopia:e ill 
our lahoratory colony wIletC both iotlel 
and larva participate, in determining its 

precis, tininrig. T' e r~, of femiale n,.itro-
endocriiie systems in coordinating the birth 

pt OCeSS, hIoIA'w'er, 
Exl)eiiiitetits were 
whether or not a 
inetehanisii operates 

tion. Ex lilinentLs 

is 1oL Well understood. 
conducted to determine 

neurohornional control 
in the process of parturi.. 
involved transfusion of 

These findings suggest that there is a link 
etween the rise of cyclic AMP level and 

pitartutritio. Also, a role for cyclic GM P 
.tes 

regUlatiing secretion in the tsetse milk 
glattd appears likely.I 

'l'Tis research was coithicted in culla
ioration with IDr. D. L. Denlinger, a visiting 
scientist from tle Ohio State Jniversity, 

Columbu s, Ohio, U.S.A., with a National 
Institute of Healith research grant. 

hentolymlaph from donor females onto head
ligated recipient females anti transection of 
Medial abdonlinal nerves. 

esutiis A1mw that parturition can be 

t)ih~cked hiy neck ligation of the female, 
thus suggesting a crucial role for the brain. 

iran section of nerves that innervate the 
uterine miiscle, reduces the incidence of 

sitccessftl p 'atItrition, antd parturition in 
neck ligated females t an be stimulated by 

transfusi .n of hentilympli from females 

that have recently given birth. The prelimi.. 

nary evidence thus suggests it controlling 

imechanism operating through neural connect
ions as well as by a horni lnal route. 

Cyclic nucleotides have been w I dely 
i l,tte d as inportant retailatory com

pounds in most b)iological systems. We have 
previously shown that the injection of 
Adtenosine 3' : 5'- cyclic inonophosphoric 
acid wcyclic AMP) -- or agents that elevate 
eii[eogenous cyclic ANIP- provides a stimlluLs 
for ovulation and t arturitioLn. Tie nucleotide 

levels, htwe, er, was not known fron these 

reslts. In tile presellt stLudy we detemlille 

le\,Iels ,of both cyclic AMP and Guanosine 
2' : 3' :5 rlic imonophosphatu (cyclic G.MP) in 
fetitiale tse tse ill response to events ill the 
pregnancy cycle. Cyclic nucleotides were2 
assayed by using radioimmiunoassay vith 
1.251 labelled cyclic nucleotides. 

Results show that cyclic AMP and cyclic 
(IMP levels change very little in response to 
feding and mating, hut. during pregnancy 
nd at ,aturiion, major hages cal be 

iriinstajrcarg. anbdetedd in both mother and larva. In both 
flitbe fen... e head and larva, cyclic AMP levels 
ireach a peak at partutition. In the abdome:., 

pattern o1' h igh cyclic GMP closely parallels
the activity cycle of the female's milk gland. 
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Crop Borers Research Programme 

Research on major crop borer species, viz, sorghum shootfly, Atherigona soccata; maize 

and sorghum stern borers, Chilo partellhs, Busseola fusca, Eldana saccharina and Sesamia 

calarnistis;rice stem borer, Alaliarphaseparatella and cowpea pod borer, Maruca testu'alis was 

initiated in late 1979. Most of the research is carried out at the Mbita Point Field Station 

(MPFS) and in nearby farmers' fields. The main objective of the Crop Borers Research Pro

gramein is to develop environmen tally safe and economically feasiblepest managementpractices. 

The programme has access to internationalresearch centres such as ICRISAT, CIMMYT, IITA, 

IRRI and WARDA, and to national agriculture research programmes in Kenya. Some f!the 

important research activities include: studies on population dynamics of shootfly; incidence 

and period of activity of crop borer species of maize, sorghum, and rice; mating behaviour 

and pheromones in cowpea pod borer; pest carry over and wild host plants; yield loss assess

ment; genetics of sorghum resistance to stem borers; and pest complex within mixed cropping 

s stems of maize, soghum and cowpea. 

Sorghum Shootfly 
Atherigona soccata is the most im-

portant sorghum shootfly present throughout 

the year in Kenya on cultivated and wild 

sorghum, S. arundinaceum.Some of the factors 

affecting shootfly populations are: the 

availability of host plants of suitable 

stage, percent survival of first instar larva that 

can cause desiccation and deadheart in the 

central shoot, and resistance and susceptibi-

lity of the host plant. Population reaches a 

peak at the end of the rainy season. Moderate 
temperature (25 0 C) and high humidity are 
favourable for egg development and hatching. 
A few predators and parasites have been 
identified. Various alternative host plants 

of shootflyhave been recorded. A number 
lines mainly from ICRISAT haveresistant 

been identified and confirmed. The line IS 

2146 possesses strong antibiosis for sorghum 

shootfly. The local cultivar Serena was 

found to be highly susceptible to shootfly 

attack. 

Sorghum and Maize Stem Borers 

Although the four stem borer species, 

viz, Chilo partellus, Busseola fusca, Sesamia 
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culamistis and Eldana saccharina were found 

damaging, C. partellus is the most abundant 

stem borer species (over 80%) infesting 

sorghum and maize particularly in the lower 

altitude areas of Kenya. In the cooler and 

high altitude areas, however, B. fusca was 

found to be more important and serious than 

other stem borers. In coastal areas of Kenya 

C. partellus and C. orichalcociliellus have 

been found to be the major stem borer 

species of sorghum along with S. caiamistis. 

Various alternative host plants of sorghum 
and maEze stem borer species have been 
recorded. Some of the hosts like Cenchrus 
ciliaris, Sporobolus marginatus (for C. 

sp. (for Eldana andpartellus), Kyllinga 
Chilo,Sesaia), Leptuous repens (for 
to beBusseola, Eldara and Sesamia) appear 

the new host records. In addition, other 

hosts such as Panicum maximum and 

Pennisetumn purpureum for Chilo, Busseola 

and Sesamia, and, Echinochloahaplocladafor 

Chilo and Sesamia, were also recorded. Pest 

ofcarryover studies revealed that larvae 
C. partellus and B. fusca remained in diapause 
for several months. Therefore, disposal of 
sorghum and maize stalk and removal of wild 
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I rthn, 414r\ sI44(ijes of irrigaled rice tinder
A stu,.ly on ||talliii l !',ll:vi ur of 1laraca field andtl>stulalis was Cil-ri'4 I Ot 

cage1 c(g0oe ditiols indicated that, the
4t4i4der norlnal rice plants attacked by A. separatell larvaelaborat or, 'onitions at aMI'I'S where relative develop su5liorrnal panicles whichjehum4414idity i1dii t'oi4tmr:itii-e flutilto a

arotiid larufe portJolt of unfilled grirts. About50-80'F an4)dt 2 1-30"; , 10%
rD'S tOt'iively It. w4s 

obseved t) 441;l4milinl o (i-s 

4,' Yihld loss was recorded ill ctge conditions. 
heItv'otn 2000 A\plI4110,ion f" ,uradati a n4dN fertilizer11ou's 4)4d 0500 1Lo! irs, reich ing I pe,I k gavo 20 to '40 porcent yield increasLe4 dependbetwoenl 0100 hlours and 0200 ]o-lrs. '1,o il uipon the (ontrotl mtlhods. It was 
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observed that crop loss (Illto( erly Ia ap, 
causedb I)biopsis durinlg v ;getativ phase, 
'.,1isTreater than loss by Valiarpha dlamage 
occurring at later ,rowth slae5,s.AppIlication 
of" N. fertilizer enhmuices insect infestition, 
d(ladleart andt whiitcheas, and lperrent of 

un fled g.rains. 'lant ponillal ion has no etect 
itli illsect infesiaitith and rice ichI. 

Cowpea 

A sl~unv ((ll the resplonse of cowpea to 

loss of leaves, shoots. flotwers and pods 
indicatedlthat foliar injury caused the highest 
reluction in 1)()(I and seed io(hictioul when 
inflicted at the Flowering sta ge, l)ifferences 
in ei'al, grain werieki sit:tI y'Ieds, lowever', l 

statistIically insignificait among Ilreatnents. 
This ntliicates powlathat plants coillpensate 
to a roat i'xtont for foliar injuries. 

Genetics of Sorghumi Resistance 

to Stem Borers 

l)iallel analysis ofI sorghuni resistonc, to 
stem iore, (,'prti(ularly ('. portlls) indica-t~d 
that the resistance is polyenically inherited. 
I1tveer, the resistance wa-s partially dtnlimlt 

titinabIIy diat 
to) e~scepihilt. (,onbining ability studies 
showed that resistance to primary damage 
(deadl,,art) was governed by both additive 
a i non-a(iitive tye )ol' gene action, 
Secondlary dnnae (stem hinnellinri was 
governed lredominant.ly by additive genes. 

T1un1nel length showed positive correlation 
with the number of l-ivae per plant and 
nelgative association with plant height, but 
had no correlation with grain yield per plant. 
The local cultivar Serena appears to be 
tolerant of stem lborer damage. Cultivars 

such as IS 2146, IS 18427 and IS 18489 were 
foulln1 resistat and could be used in resistance 
breeding progranmes. The cultivar IS 18363 
was found to be the most susceptible to stem 
horers. 

Inter-cropping 
and Pest Management 

The intercropping experiment included 
eight possible com oinations of monocrops, 
dicrops and tricrops of maize, sorghum and 
cowpea. The results indicated that pest 

colonization processes were interfered with 
by the cowpea/cereal maiza and sorghum 
combinations, causing dc'ayed stem borer 
incidence on the maize and sorghum. The 
productivity per unit area for the various 
cro)ping l)atterns-as expressed by land 

equivalent ratio (LER)- gave 1.23 LER 
for maize/cowpea, 1.48 LER for maize/
cowpea/sorghum miLxed, and 1.33 LER 
for the maize/cowpea/sorghum intercrop as 
Lie, best cropping combinations for the 1982 
long rainy season. It ws concluded that 
maize an( sorghum dicrop is at a disadvantage 
in land use and productivity, and contributes 
to stein borer infestation. 
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Programme on Bases of Plant Resistance to Insect Attack 

The main objoetives of the programme are to: 

o 	 identify factors that cause susceptibility or resistance/tolerancein crops to specific pests. 

* 	 study the biochemical, biophysical and/or other factors that cause acceptanceor rejection 
or confer resistance by other mechanisns. 

* 	 study the causes and mechanisms involved in the development of insect biotypes and 

investigate means by which this can be suppressed.
 
devise systems by which insects can be mass produced for resistance screeningand other
 
n7 echanisns of resistancest udies.
 

Toward these objectives, the programme continued research in 1982 with emphasis on the 

Jactors and mechanisms of resistance in (1) maize arid sorghum to the stalk borer, Chilo 
partellus and (2) cowpea to the eowpea aphid, Aphis craccivora and the cowpea pod borer, 
Maruca testulalis. Other areas of research emphasis were experimental bases for the mass rearing 

of Maruca testulalis, Busseola fusca, Eldanasaccharinaand Chilo partellus. 

Mechanisms of Maize Resistance 
to Chilo partellus (Swinhoe) 

Several maize lines from local and 
CIMMYT germplasms were screened foi 
resistance to Chilo partellus during the 
1980- -81 seasons. Out of these, five lines 
showing agronomic eliteness plus resistance 
to C. partellus were selected for studies of 
the mechanisms of resistance to this pest in 
1982. The main emphasis in these studies was 
larval behaviour and development of the 
resistant and susceptible lines. 

First instar larval behaviour 

and movement from oviposition 

feeding sites 

The preferred oviposition site of C. 
partellus is on the lower leaves of the maize 
plant. Newly hatched larvae have to migrate 
from there to the leaf funnels to commence 
feeding. Any factors that influence their 
migration to the funnels would have a signifi-
cant impact on the colonization of the plant 
by the insect, 

Studies of the neonate larval behaviour 
and movement were undertaken using four 
lines of varying levels of resistance: CMT 
324 (high resistance) CMT 33 and Inbred b 
(moderate resistance) and Inbred A tsuscepti. 
ble). Evaluations were made of the t'cceptabi
lity of the oviposited plant to the neonate 
larva. 

An individual larva was released near 
the middle of a leaf, two or three leaves up 
from the ground. Larval behaviour and 
movement were recorded and timed until 
(a) 	 it reached the axil or left the plant and 

it settled in thefunnel region or elsewhere(b) 

on the plant. Behaviour and movement of
 

larvae from egg batches were also studied
 
along similar lines.
 

Of larvae released on Inbred A plants, 67 
per cent followed a high acceptance pattern 
of behaviour while only 25 and 29 per cent 
followed this pattern on Inbred b and CMT 
324, respectively. Only nine per cent of 
larvae released on Inbred A rejected the 
plants outright, compared with 34 and 36 per 
cent on CMT 324 and Inbred b, respectively. 
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Larval li l)ibii spee(( ) th s.tem was similar 
on all lines ( a.2(m/min) hti.total cimlbinlg 
time correlated positively With plant height. 
Per cent of larvae establishing in the f'uninis 
21 hr after release was highfest inn Ilred A 
(54 twr cent) and east in (M'T 32-1 (39 per
cent). Each maize line was llanted, with 
another line as a laetl roun dt plot. andl 
infested with egg hatches. After hatching 
there was a no table larval il;,ati,,n fro, 
CMT 321 ii~to the In bred A Ial~ek ~l~oti 
plots. Therc was ve-v little migration from a 
strscitih, line in(,oone' with uigh rismtr 

These i riment.s hxtindicate a fact or (mi 
the ni aize leaf surface is iiiv,)vw il the 
deternmiiiation of plant acceptalilify to 
newly enr,,eI larva. l)ifferent infestation 
and darriage levels frpquen .y oh served armlng 
the (liferent, lines may be a;ccounteld tor in 
this way. 

Iarval feeding behaviotr, growth
and developie it 


Three-week -o ld plants of C([I\I YT lies 
3:. and 32.1 and n brod lines A, I) and 1)werel 

iiits'o I hv plhiin 10 newly em er.ed larvw 
of C. p(!rtlh//n, in the whorl region of tble 
Plants. Plani, c(mi(lit.ion was monit',red and 
plants were thiss eth'I at one and Itwo week 
intervals afl,r infestali(,i. All larvae, were 
reC(overe (Ia l bhl'iir feo(dili loeoationi within 
the lplani.s rc( ( h)iuled, 

)no week afte:r infestiti n 8()- 90 per 
cent of larvie rewvered wer, l(ort(,(I within 
funnel regions f1'all maizo Iim-s. After two 

weeks of infestal ior only 17 :ml 25 per ''ent 

were rec-vered from the ful el n ,gi( ()f 
CIMMYT Iin es :33 anl 32-1, resjec tively. R.y 
corilpariso). in feo)ati(ii il the flllnol re(gion 
ranged from 39 per ent, il inibred 1) to 
67 per cent illfibred A. l.xtensive feeding 
nero- th, growing print. (if inired .' usually 
case(, (]eadheart. Fifty-five per cent f 
larvae recovered trom the funnel region Of 
Inbred A were older than third instair c,)ipare(l 
with 31 por ctet of those r,.(,(ivered from 
(,NIT 32 1. 

Th ese observationis suggest a plant
reaction (in the resistant mnaterial) to damage, 
resulting in :alarval avoidance of the funnel 
region aniid 1))((r ,vtlopment of larvae 
reniaiu ing, in I it' reguii. The oliservatiois 
also help explain the general reduction in 
deadheart count in the ClIMMYTlines reported 
by Dabrowski and others in earlier ICIPE 
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reports. Material from the funnel, older leaf 
and stern r(Tions of dariagetl and healt'hy 
pilatits from these lines have been freeze
(ried. lyophilized aml incorporated in an 
;artificial (bet for Imore detaled studies. 

Mechanisms of 

Sorghun Resistance to Insects 

After the extensive stu(lies on sorghum 
resistalce t i Chi purtclhns in the 1980---81 
seasoins.the the project was extended to (overn1illtilphe resistance mechanisms in this 
crop to C. parllus and the sorghum midge 
Co in tarinia sorgliicola as m olel posts. 

Oviposition preference
 
of sorghutn cultivars by (C. prmllus
 

C. jiart'lhs ovihinsition was monitored 
ani compared Inder choice and non-choice 
situations usit three different cages. In thefirst, cage (2,10 x 150 x 100 cm) threeireferred, non

th re'e in termediate and three 

preferred cultivars were l)lanted in a 
raudornised complete block design. 

The se(ond and third cages were the same 
size (I20 x 20 x 60 (im). One contained pre
ferre(d cult ivars and the other contained non
tireferreod cultivars. Three gravid moths were 
re!eased near the ecentre of' each cage and 
observations were made during the night. in 
red light. Three days after release all egg 
hatr fes were counted as well as the nimher 
of eggs deposited. 

The mean num her of egg hatches deposited
 
wa.s sigiificanily variable among the cultivars.
 
'l'hI ree representative cultivars from each
 
grou p. 
 in both choice and non-choice
 
s-itia is, are givn inTable 1.
 

Effect of'sorghum cultivar
 
on (.'. tartlus larval growth
 
and developent
 

Selected sorghum cultivars showing 
different levels of resistance were infested 
with toil first instar C. partelus larvae per 
plant. when plants were 21. and 48 clays old. 
After 14, 28 and 31 (lays the plants .,ele 
dissected. The development stage and weight 
of larvae was recorded. 

The weight of' hinvae from the 21 dlay-old 
phlnt. was the lowest in IS 18361, IS 2122 
and IS 18479. In the 48 day-old plants the 
lowest larval weights came from IS 2122 



Number of egg 
Cultivar hatches per plant 

IS 18363 2.25 
Choice Situation IS '1660 2.12 

IS 2205 1.96 

1S 18363 0.43 
IS 18319 0.36 Susceptible 

Nnn-Ch oice IS 18361 0.21 
, ituation . . .... . .... . . . ...... 

1S 4660 0.00 
IS I 082 0.06 Resistant 
IS 2205 0.01 

Table 1. Relative num her of ec., batches per plant for different, sorghum cultivars in choice and1,n-(1,,) ife SOt mafI Of!,1. 

hid, lot Ih- other two i'] ltivars Ill fact, IS and size. while broken head- usually result 
1,8T(h1, h1 th, high,,st weight but'm 'ntensive larvalba s(,(.ond larval foeding at, the peduncle. 
it) IS &h1\ 'I( plnts, Iarv:d woights were 
I',i)1his tenlv Iti-h i1 S I8 d , 1sl 831 9 andl Relatioushi p s between sorghumi 
S.rjim. Th, resuhlt fronm those ox ei'ilt,, and so'gh;,umtmidge 
corr,Ol, ev(llv,*ili leaf' h niii, rostoll s from 
pre, nns ,x! eriii ts.I lih iv idicata, the The sorgit, imminie, ('ontariiuiasoighicola, 
jlrseoi' of sn, a.t ill ilhe- rsistant ('op was suidied under field conditions during 
clltivars that iullln,es hlvwI growth .11d the nlain sorghum planting season at Mbita 
levelipmilt1.;d s gest lh, itflue1ce ,)I i'.,int, Western Kenya. The developmental 
4ii ;:i, ,)if h, epf!i1wm Ii 1'ff or(s, period from egg to adult ranged from 17 

to 34 days with a mean of 23. On av.:.rage 
Evaluation of sorglnim cilti\vars 3.2 adultimidges enierged per spiklei. and 
for recovcrv tolerance to ( 'liio) ,,rr'lu, the ratio of adult females (1,666) to males 

(1,086) at emergence was 1.53. Adilt emer-
Si>' s)ri!;,,u iultivar.'f u hr,l genc'e was bimodel :inthe FAt)/ with a major morningi 

Klen:Ya 0;(wrlw,,'1l Slorghlll and Millet minor late afternoon occurance. [ie d,ily 
Pr', ,,c' w, i(, at ti',l in single row )h ts. relationship between adult emergence and 
LFwcuu plant was artificia:llv ebh1ll,, iigi, with atmospheric temperature was described by 
10 .-- 12 (Vil,/ partel/is eggs at lhe black the second degree quadratic equation Y=32.2 

2h,:id stage. i',ur types o)f dhinuge syiptonus + 35.01 :s -- 0.87 x (r = 0.63; P<0.05). The 
O>s(,-v(o(l weOe (Iooi I. ,lqadho:rts. relationship adultleaf i (faily hetween emergence 
I,11(1M ilf :tntl brkit heals. aind atmospheric saturation deficit was 

Il. (ex prssion of the Ii tifforeu syilpto(is described hy the second degree quadratic 
.foill1s t(1 tg(,-rehtlh t and tunnelling Illay e(lintion Y = 21.26 - 1.02 x + 0.03x 2 
e'sitlt if) dethidh:lrt.s or brokien heads. 'l(, (- 0.22: P)<0.05). 

eff'ts and exton't. of, these hi niage synl)tons Tlh e predator l)iaperastieus crythroce
,rriariet ,l 7.1id nodal tillerinig may result. in phala, Olivier (Derinoptera:Forficulidae) was 
the, tseeaiheart.s heads. They preving newly adults.ofl or. hroenil oibserved on emerged 
may also result ill chaffy heads or partially Damage levels varied aniong 34 sorghum lines, 
filled grains in tlie case of broken heads, with the size of the panicle (r = 0.73; P<0.05) 
Nodal tillering may resuilt in yuvenih l panicles and the number of clays to 50% flowering 
at harvst or in smaller matured panicles with (r = 0.49: P < 0.001) influencing tile levels. 
slmaler !rains at harvest. They may also Damage levels for monthly plantings of tile 
ren,I, i two or three of these smaller :;orghiim variety Serena ranged from 1.8 

awti i aniel es with additive weights to 97.7 per cent during the months of March 
,xr-ater titan that f' file Iprimary tiller panicle. through Juie. From tile same period grain 
'l'minellil inty not affect panicle plroduction yields ranged from 22.3 to 0.9 kg/50 m 2 . 
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The relationship letween per cent dagmae 
and per cent crop los,. was almost perfect
(r = 0.998; P < 0.001 ). Adult midge counts 
per sorghum head were successively greater
with monthly Jdantings ranging from a low of 
0 to 1 in May an l a high of 15 to 20 in Jdly. 

Resistance of Cowpea, I rimla 

uptquiculata (Mralp) to the Pod 

revious Shll,Ibehaviour Olsn the' Biol~gy and*ir'.liarta testlalis have shown 

that tie resistant variety TVU 946 was less 
preferred for oviposiLion and also sufferedless damage compared to the susceptible 
variety VlT:-1. In 1982, stliis on cowpea 
resistance to Ma/raca co n cen Lratel ol
detrmiining whether the moderate resistance 
recorded on TVU 9,16 was due 'to on-
acceptance For oviposition, larval escape, 
plant tolerance or antibiosis. 

M1arica females were forced to ovil)osit 
on TV1J 946 and VITA-1 potted planIs in 
oon-choice situation in large sreen cages. 
.\fter '18 hours of (onfinement the plants 
were removed from th( cages and the numll11her
of eggs on each variety was recorded. There 
was no difference in the number of eggs laid 
on each variety. -viposition preference s 
only manifested in a choice situation when 
TVU 946 is grown in plots adjoining the 
more suscel)tible cultivars. 

Larval development and survival on 
excised cowpea stenm and flowers of the 
resistant variety TVU 946 and a susceptible 
variety VITA-i was studied. Mortality was 
higher for larvae reared on 946TVU stems. 
Larval development was prolonged and pupal
weight there was less on TVU 946 compared 
to VITA-1 (Table 2). This indicates a low 

level of antibiosis involved in the resistance of 
TVLU 946 stems to Maruca. 

Marura larvae were also reared on 
flowers of TVU 946, VITA-1 and Ife Brown
varieties in the laboratory from 1st instar to 
pu)pation and adult emergence. Number of 
pupating larvae, pupal aidweight number
of emerging adults were recerded. There 
no significant 

were 
differences in larval survival, 

larval duration, punal weight and adult 
emergrence, in(Iicatimg that there may heantibiosis noin flowers. The moderate resitance 
lpreviously observed on TVU 946 flowers inthe field nmay be due to some other 

mechanisms. 

Biochemical bases of cowpea resistance 
to .1[aricatestidlis 

After determining water and dry matter 
ontent, lyophilised cowpea. stems of TVU 

9,6, VITA-I and Ife Brown were incor
I)c]1t((nid in a synthetic diet (ICIPE Diet 6).
The larval survival, larvaldeve!opment, percent
of pupation, pupal weights, pupal and adult 
developra enftal periods, and adult emergence 
were monimtore. 

Results indicate that TVU 946 stems 
exhibit distinct antibiosis against Maruca. 
I arval survival was reduced and larval develop

rient times were all negatively affected. 
An extraction procedure yielded hexane, 

ethyl acetate and aqreous extracts. These 
extracts and werethe residue incorporated in 
diet 6 and a bioassay was carried out with 
Alaruca larvae. Results indicate scine antibiotic 
activity iu the ethyl acetate extracts. Thin 
layer chromatographic (TLC) separation of 
the ethyl acetate extract resulted in several 
phytochemicals of varying Rf values, some 
absorbing or underfluorescing ultraviolet 

Table 2. Larvd growth and development on resistant and susceptible cowpea lines 

CULTIVAR %PUPATION DEVELOPMENTAL AVERAGE PUPAL
(from 1st instar) TIME WEIGHT 

(Average clays to (MG)pupation) ± SD
 

TVU 946 10.01 20.50 ± 1.81 
 32.25- 1.71 
VITA-1 18.31 17.80 ± 1.71 35.33± 2.80 
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light. Bioassay of tflese hands indicates the 
presence of both lNiairomion('s and allomones 
il ethlvI acetat( extract. One band however 
consiste'ntly gave the greatcst negative activity 

inst311rUa lU'Val survival anI dleveop-
ment. The structure of this compuiiI 
I,.'ii,',, rc ] it tin, in 

F''ill I r ate tlu' nnitiiv
}. t lih(r cxi icri nents I'.avi in hfrine( 

ti tie resistantl TVt 16 stems cWere 
and{'lotelitless a'msitallo TVi(k, I t emsle'ss Sull'.'r, antlino acte s, nilt'rogeit and I ,i'tein

Ir 
than the sustCelit ih;, V IT.\-1 anI inre 
ph(no. flavo)noids :1lld (il iiirI . 

"r, tn the po'set:',hotat Ii I eCti al 
tff;cs of cowvpea sten! r('sistani('t in TV['1 
.16 l)iM., >stiuhls is applarei,ilv due t~o hothl 

millriti(,imal a)lld alhehochleluic'al f,;wctors. 

Mechanisms of Cowpea Resistance 

to Athis ( racci ' or, 

Anatomical !t dies reveal that A. 
t'ricit'or(l feeds mainly forill the p1 loem 

oif the stscetp(iL)e Vita I covpea (i,[ tivar. 

l,ahoratt try exporimeits indicate that in 
cmparison with the resistac t TVtL :i1 

and .108-P-2, aphids spenid less time proilnh,, 

aid more time aItuially feeding, 

Iaat choVic 1 smeinxs astuaion inl theIrtua rin ,latboratk,)r-y, Vit , I te'nis w eret p-reJ'rrd 

over TVI 3i0 and .108-P-2. In j -on -choice 
oei Ihealtlily 

sittla.ion there was :a high'i aphid mortality 
in hollh resistant. ('tivars. A\ higzher Iec ildity 

ti il te ViI 

Analysis of itrie sec atkIav menlmolitivs 
shows thaI, qmi itatively [hec are more 
phenols andI fiiaw oils in botli resistlan 
Cultivars tlhan Illthe susc,,Ytiile Vita 1. 
A h igi mr concentnrationl of pIIencis was also 
present, in Vita 1 and TVI, 946 stems infested 
with A. :rmccivor- than in the uninfested 
controls. 

There was no significant differenct, in 

amino acids of Vita 1, 408-'-2 andto~ttl 
TVu 310 and the total sugars did not corre-
late with resistance or susceptibility (TVu 

310 Vita 1 -I0S-1)-2 

Experiments are in progress to se'gregate 
any possible hiotypes that may e:xist in the 

op .mlati inard to develop a 
A. cra ciora 
bioassay for cowpea plarit extracts using 

4 Sucrose. These should determine the 

compounds that are responsible for conferring 
resistance to cowpea against A. cracciuora. 

Relationships between Rice 
and Iiopsis thoricic(I 

Iice cultivar, () (;, Iexcro, 

. II , M 28 az,, I1 579-18- 1 were 
ilanted tiridt'i rriltIw'(-l iioiinls. Number 

i,1 eggs thilY ,1i5: i.after tralsplan ti g, (I) AT) 
were 'ceordtltl anl the litimb' of dead h 'eart's 

days alter transplanting.counteid sixty 
Ntumber of pupae, 1 1uniber of parasites I)er 
pupae, site of lupat.ioln and site tf pupation
of parasitized pupae were noted. 

Analysis of, the lI-a suggests 0b, ,xistence 

()f ovilositiol lrefree' e with Iwo( distiict 

grou ps among the culLivars. The first, .group-sh 
ingr is group OS6, IR128 and TIN 6. These 
have less than 5 eggs per 1.5 plants. Group 
two consisted of P exero, ADINY 11 and 11. 
579-18-1 with 10-12 eggs per 15 plants. 
Th I perce itage of'deadh eart s (damaged 
tillers i ranged from 10.8 in 'ITKM6 to 16.9 per 
cent in lexero. 

'Ther was a fairiy strolng correlation 
(r - 0.66), In twi itl mi1ier of eggs (30 DAT) 

arind lnumber Ot1 deadll'ars (30 IDAT). Iligh 
tillering varieties suffered smaller percentages 

= of deadhearts (r 0.71 ). Piupition took place 

on the first, four otelr leaf sheaths with a 

first three (96.7%).clear Prefference fori the 
IIhal th v tillers r deadheart tillels both had

'"I hu t 0 ILl~ e W Y i 
Iitilpa, ut 9)'.f of the pupae were on 

tillers. Onl OSO, withmoeIpa 
more pupae 

per healthy tiller (11 compared with 6), 

here was no significant difference between 

health and deadbeat tillers as a pupation 
site (x- 3.20; P > 0.05). 

Parasitization of Tetrastichus sp. (Eulo

phidae) was affected by (i) site of pupation, 
with pupae on the first leaf sheaths heavily 
parasitized; (ii) rice cultivars, with OS6 
recording 17.6 per cent parsitization and 
Rexero 58.8 per cent and an overall of 
38.9 per cent (iii) pupal -ngth (r = 0.68); 

(iv) pupal population as indicated by the 
(v) number ofnumber of eggs 30 DAT, and 

the number ofparasites (r = 0.79). Also 
parasites per pul,ae was affected by (i) pupal 

length (r = 0.90) and (ii) variety on which 
pupa was reared. 

Distributi of I). twrauica eggs on rice 

Eggs of 1. thoracica were laid singly on 

the leaf.blades or sheaths of the rice plants. 

There were 1 - 4 eggs laid per tiller with one
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alFost i'xcit sio ly l., tihe first wo secitiptltf Iades fLln ,iV gOHihe i -itlsolii 11i2 
leaf sheatl}.h> ,ges sta'lt( tod a lsea:r ol Lei 
leaf sheaths ,I t, sve;ilcnth day of data 

fi i ,,'-fii l iiitiniss-feediiorift illoisi tmttlitionos.
 
nl, V 1,dOW iii ,i ir:l 1.1tl,, Ihlie leaft tv d 
sl.ithl1 s iil ;,(itti lear bl, fh 

, 


., t5..0ssedi, h tifect ot seed oilsco}r:e tiilg f1'i't-iiiAs .1Oi, 1S . o major pests of12 .0 a d 8 .2 1 r -',itl x 
lice2 


-- (i6 .9 9 : P1-: ).0 1 kv hVoa]S a ys o f He Seed o ils o fA:, thi plalt s grow. eu.', e i (fltosied fidioia 

Lg--er-tiler
flequLi : 
 olI .1.9 1er ct t. 
Similarly, 0 - 7eggs wr recorde, picrllant 
Most of IaLllls eI'coifed (le of twotilt' 
 1 ggs 
per plant ;ii88 nd 2.1.2 per cci, 
respectively , a ul(1 !,,Iult t 5' 'If l jIti 
had 01) eggzs, 

Tilt',. ti hif i.thfc> Ifrro inJ01r1idi01 
wi't th,, ist pi'fecred 

collect lan. 
Tl 'i' :c, i 

bet ocel ! ic !,ti,itls 
aiaxiali I(5 ii 1 
sirfitt~cs (x-- J.1 1) 

Sig lli ! iiv' 'o 

il ( lii 

)l"clrs laid (,lith, 
it J d 80)A 

gi( Ldift-(ie 

l f hiadh 
. 0 5). 

letO g .".e fll , 
the l f ial I ".9 I iai Alih,;atiis (9)
(x2 - 91 1 1 ) II II). i i 1w..
 hi Ica]' lWadles 

the ,g>4 i )x 
;io0 l ;m\aV fom, tle 
ax il abithlantl fi,-t lin,- (1 9.{i il6t9. l 
leaf nthlat, %vllieglltAh -l;H )tlll}.V,'liloi i 
leaf Sl ;Iiiis [lli c'gs oCI 1.5 9.5 (1nii fO;,V.'

the gr lli wit, a lii i diiel c (dif .1.5 ncit 

(iiean 'sf.eii'
length was 31.2 (lfi). 


'lIi gI 
depiressioli oI ehtvation 
f t iii idol Iif 


ing on wiet fi t ' 
 were oll the abaxial 
Or adax:ial surf aL.es of hc leaf Na mcs.I)istal1 ic, 
ronil tWe ninlri ranged froim 0.1 0)6 (.111 
with a n aii of 0.25 
 ,ill. oreSig niificantly 

eggs 
were laid awayv froni the midrib (32.0,i
%riti i few r egg's iS.0'",Iwilii laid on [Ilell . 

ICIPE ...IkR1 Project 


on Rice Brown Planthopper 

(Nilopar,'ala /ticuo) 

Wc k (ii tiic Itice, [ho wil Pla i thopper
(BPI-)wa. mitinned iii 1982' with imore 
emphasis oit cytoloical v:iiiatioils intUllll g
biotyples L, anl 8. It was o!bsrved that 
chrmm )-onmiosommorpfhfology and i ehaviour 
COldii Ihe sed a> coi jii illuiinl ary indicators 
for (illfereiiaLiig lile 131'
Itbio fyjto cuilelihx. 
Cytological investIgafiolns were also imade oil 
another !Iosely-relatel lplaiithlopper species, 
Nilcparvata baker; (Muir) which thrives on a 
grass host, Leersia hexandru (Swartx), 


coUninioly filtdI in ditches aronId rice fitls. 
A nliitlion of N. hqucns was fould to 
co-tXis with A. liherill L. hex dihy
al tough 
 ,. Ipot is COnsidered to be()[,'!ii". , \ s giea i an d m orpho-Lor ~o 

iiictric txa l~imtiims ioftct,,e Ailapartvata 
s;IYiI5 i in l, distitict tliffereiccs )etween 

iel (..Ludiraclu tilica A. ,Jiss) chinaberry
(1]uliu azcdarach 1,.) and custard-apple 
{A 1111200 squatnosa 1.) were lound to have 
SOlle co.ol on ceitaii major pests of' rice. 
C-istard-apple oil was the most, effective 
a,Iainsi, BPI ! i, UIte vh itiebacked plant
t*bo; r (WfII I) with 70-100 per cent 
Illortality at dose." of about 5 nigl inlsect'. 
"lii (olllis
and chillahery oils wre simialy 
e'l live at (1tO5s of ahotfll, It i insect.10 / 
('lIStdrd-a 
plc' oil, at, dos'ge of alhout 20 

i l-
igi i sect, Iilled 
 of tile green leaf
liojll,e'r (b(l i b Ii.1e11iW1) add chilah rry oils 

i fiiIlit) ffetci.ll at 

L ois of these 

Simila

post"; 
r tests oi 

siiggestcd 
major prda
that ti{meoils 

la f 0it1"iiffe:t.. 
lIi i fs alppea c~l t,,)havc dii anti 

,i fl t (t) jiii hen spieaycd ine , Ilii t tl.Lt rt 1!1 11'll,i lit II i Sul OilI 
 t1ln 'Pis 

,{Idill siijf 


I s. Sllh
ressi lit Lra isnlllssioi tof rice 

titii Vitsi,,ure I)..
 

'.esLs of Lb neen oil oii eggs atldfirst 
jiiar larvac of i lice a.mywrn,Stodoptera 

M ( G enee) showed 

reduced latthhilit, in fle eggs and repelancytodL LVie larvae. 

Experiilekhtai Bases 

of insect Mass Rearing 
Legume podbol-ers, Alarucha testuldlis 

A Lter formilating several dieLs, a satis
factory diet based on kabuligrain and cowpea 
owcr powder was identified for mass rea'ing 

oifMaulnca. The possibility of' using artificial 
oviplosiion surfaces was also explored. Several 
ar lificial sit faces were testel and filter paper 
was tie significani t preference for oviposition 
I- the devel opm en t, of 6he mass-rearing 
lrOCedure use was made .of locally available 
materials. Larval survivad was between 90% 
andH 100%). 
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Figure 1. Survival of, and rice tungo virus infection by, N. visesceus exposed at different 

lengths of time on oil-treated TNI seedlings. 

Wc have tesvd the manipulation 	 of the pupal period from 9 to 19 days for males 

it has and 11 o 21 days for females. A comparisonproduction Of this insect pest and 

been con firned that production cM be was made between pupal weights of insects 
raised on diet and those raised on naturalroutine and Inanaged such that the require-

ments of the various scientists can be mnet. diet (stems). Pupal weights ranged between 

The protozoan diseases reported in 96 and 329 nag on artificial diet and between 
Maruca (ICIPE Annual Report 1981) have 101 mg and 328 mg on stems. 
now been identified by Dr. W. A. Otieno Sugarcane borer, lKidana saccharina 
as Nosema sp. and Theloheinia sp. Viral 

The diet described above for Busseolaand bacterial diseases have also been noticed 
fitsca has been found to work satisfactorilyin olr MaruCc culture. 
for E. saccharina. The larval development 

Maize borer, hinssehz tnsta period ranges between 21 and 28 days, pupal 
weights from 76 to artificial 178 mg on diet, 

Rearing of this borer ,resents the pro- and between 81 and 169 mg on stems. 

blems of diapause and a very long life cycle. Spotted stalk-borer, Chile pal-ilus 
Both these problems increase the exposure
time to chance and contamination. In the Rearing perforraance at 25 0 C has 
last report, it. was stated that Pritam Siugh's proven best of all temperatures tested. 
artificial diet showed goud result in which Br'-ause of highei yield and better quality 
the lavae pupated from days 35 onwards. insects, this temperature has been used in 
A diet modified from the one used by Seshu developing a niass-rearing procedure. After 

Reddy aid Davis for Chilo, bwsed on beans evaluating various rearing containeis, glass 

and sorghum leaf powder, has been found to bottles have been found most satisfactory. 
yield best results to date. Using 50 larvae per bottle, the percentage 

Larval period ranged fror 31 to 63 days, yield is 70. 
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Medical Vectors Research Programme 

In 1982 mosquito studies have continued with both anophelini(which eoe vectors of malaria 
ara' bancroftian filariasis) and Culex quinquefaciatus (which is only a vector of bancroftian 
filariasis). It is now possible for scientists working within the programme to identify the dif
ferent species of the Anopheles gambiae complex by cytotaxonomy. This has made preliminary 
observations possible on the distributionof these species throughoutKenya. It has also facilitat
ed studies on their survival and biting rate. These studies stcrted in 1981 on Anopheles merus, 
a brackish water breeder species of the An. gambiae complex, and have been extended to 

Anopheles gambiae s.s. a freshwater breeder. Finally, work on C. quinquefasciatushas been 
dealing with the competition phenomenon between this mosquito and Culex cinereus. It has 

identified some of the reasons why the latter is not able to displace C. quinquefasciatusin all 
the areasof the Kenya coast. 

Epidemiologogical investigations of leishmaniasis concentrated mainly in the visceral leish

maniasis foci of Machakos, Kitui and Baringo districts and laboratoryexperiments continued 
daringthe year. The disease epidemic itself abated in the Machakos focus as a resultof combined 
control measures taken by the ICIPE against the vectcrs through sustained use of the sticky 
trap. Efforts of the Division cf Disease Control and Research of the Ministry of Health were in 
the area of mass diagnosisand treatment.Field epidemiology continued with investigatiorsinto 
the vectors andanimal reservoirs. 

Mosquitoes 

Geographic distribution of Anoplicles 
gambiae Complex sibling species 

and their polymorphic inversions 

In East Africa, An. gambiae complex cons-
ists of three sibling species, namely, An. 
gambiae s.s., An. merus and Anopheles 
arabiensis. 

An. merus was restricted ',o coastal villages, 
accounting for 99.3 per cent (N = 294) 
of the An. gambiae complex in Jimbo shore-
line village while in Jego 4 km inland it 
accounted for oniy 17.4 per cent (N = 46). 

An. gambiae s.s. was predominant in 
coastal humid hinterland, accounting for 
100.0 per cent (N = 22), 56.5 per cent (N = 
23) and 55.6 per cent (n = 9) in Msihu, 
Masheheni and Garashi, respectively, 

There were no polymorphic inversions 
observed in the 296 An. merus spechnens 
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from the coastal region. Polymorphic inver
sions 2Rb and 2La were observed in An. 
gambiae s.s. and 2Rb, 2Rbr and 3 Ra in An. 
arabiensis.The 2Rb inversion in An. gambiae 

s.s. was recorded from only one locality 
(Kisumu) at a low frequency of 28.7 per cent 
while the 2La inversion was found in all 
localities, with frequencies ranging from 
40.0 per cent to 66.6 per cent. Polymorphic 
inversion 2Rq and 3Ra in An. arabiensis 
occurred in very low frequencies. 

Estimation of the survival 
and biting rate of malaria vector 

The average survival of individuals in a 
vector population is an important compo
nent of the vectorial capacity of the popu
lation. It has been conventional to estimate 
this survival from the proportion of the biting 
population found to be parous. However, 
this method has a number of linitat.ions and 
the survival estimate is often biased. 



Recently a computer-oriented method has 
been used to estimate average survival and 
biting rates of malaria vectors in Kenya. This 
method takes into account underlying popu-
lation dynamics and is more accurate than 
previoils means of estimating. During May/
June 1982, time series studies were carried 
out for An. ganbiae s.s. in Msihu, a coastal 
hinterland village in Kenya. The species 
displayed a higher average survival than 
An. menms, which had been similarly studied 
in another coastal village, Jimbo, in April/ 
May 1981. Preliminary observations indicate 
that An. gambiae s.s. has a longer expectation 
of infective life than An. merus, and sunse-
quently a higher potential to transmit diseases. 

Field studies are being conducted on these 
species to establish the variation of their 
survival am biting rates according to location 
and season. This will facilitate ranking popu-
lations by species according to their potential 
medical importance. These studies will also
contribute to mapping areas where, and 
recording times when the threat of malaia 
transmission is most serious. 

Competition between C. quinquefasciatus 
and C. cinereus 


In some rural areas of the Kenya coast 
a non-man-biting, C. cinereus mosquito is 
able to displace man-biting C. quinquefascia-
tus from shared breeding sites. But in 1981 
it was observed that such displacement could 
not occur when domestic detergents were 
experimentally introduced into breeding sites, 
In urban areas where C, cinereus is rare or 
nearly absent most of the breeding sites 
contain detergents. In 1982 a study was made 
on the yield of the two species reared in water 
sampled from several urban breeding sites 
polluted by detergents. In both species a 
certain proportion of first instar larvae were 

able to develop to the pupal stage. Still, 

the yield of C. cinereus was always lower than 

that of C. quinquefasciatus. These observa-
tions could explain why in urban areas C.
quinquefasciatus is the dominant mosquito 
species but they do not explain the absence 
of C. cinereus from most urban breeding sites. 
Conclusion 

Information collected on chromosomic 
inversions and distribution of species of the 
An. gambiae complex is still partial. Even so,
it already constitutes a basis for any future 

study on malaria and bancroftian filariasis 
epidemiology in Kenya. Data is available on 
the survival rate of two species of this comp
lex. Future research will extend the same 
type of study to a third species, An. arabiensis 
and to Anopheles funestus. 

Observations have shown that domestic 
detergents are an obstacle to the multipli
c.9tin of C. cinereus. In urban environments 
wi-n2 most of the breeding sites contain 
detergen1 , it is unlikely that C. cinereus can 
compete to reduce numbers of C. quinque
fasciatus. In rural areas, however, it is recom
mended to avoid disposing of detergent 
water in mosquito breeding sites. 

Leishmaniasis 

Epideniological investigations 
(animal reservoirs) 

Studies to find out the breeding places of 
anthropophilic sandflies continued mainly in 
Machakos and Baringo districts. These studies 
involved the investigation of termite hills 
which are one of the natural resting sites 
of the known vectors of kala-azar. Plastic andearthen cylindrical vials containing fine 

wet soil were suspended at various depths
in ventuuation shafts of termite hills. They
 
were lowered 
 into the shafts in the evening
 
and checked for eggs the next morning. The
 
excavation of termite mounds also conti
nued. Soil was collected at the floor of
 
ventilation shafts 
 and was incubated to see
 
if there would be emergece of preimaginal
 
forms of phlebotomine sandflies. The results
 
of these experiments have been fruitless so
 

far. When the vials hanging in ventilation
 
shafts were coated with castor 
 oil, gravid
 
flies were trapped in them. Ihis indicates
 
that the flies were probably investigating
 
the suitability of these containers and pro
bably found them unsuitable. 

Vector studies in Machakos 

Monitoring of vectors in this previously epi
demic focus continued. Phlebotomine sand
flies diminished in numbers, particularly those
which bite man. P. martini,and S. grarnhami 
have almost disappeared from houses and 
termite hills, the main resting sites. 

A new sergentomyia species has been en
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Figure 1. Sticky sandfly trap 

"nv I, at;o nkeieintrat mainly the 
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One female specimen of P. orientalis was 
caught on the outside of a house wall. Phlebo-
tomus dubosqi were caught inside rodent 
burrows where they were the most predo-
minant species of the anthropophilic sandflies. 

The various anthropophilic species of sand-
flies in Marigat appear to be seasonal, although
small numbers seem to persit thrmughout the 
year. This phenomenon seems to be true ev~m 
for the subterranean species living inside the 
animal burrows. Popullations steadily increase 
a few weeks after the onset of rains. 

Dissection of sandflies 
fiom rodent burrows 

Gravid sandflies were dissected and the guts
examined for promastigotes. From the rodent 
burrows a total of 357 sandflies were dissect 
ed, out of which 7 flies had promastigotes in 
the anterior position of the gut. The order of 
prevalence of phlebotomine sandflies inside 
animal burrows during the year were: S. 
antennatus (31%), S. .,.grami (20%), p.
duboscqi (17%), S. bedfordi (16%), S. afri-
canus (13%), and P. martini (6%' Dissections 
of gravid female sandflies identified promasti-
gotes in three of the six species. The overall 
infection rate was 2%. Phlebotoraus dubgseqi 
had the highest rate of infection (5%) while 
S. anteanatusand S. ingrami had 4% and 1% 
respectively, 

P. duboscqi has been shown to be a vector 
of Leishmania major elsewhere in Africa. This 
is a serious cutaneous leishmaniasis disease 
which has been isolated from rodents in the 
Baringo area. Our discovery of coexistence of 
P. duboscqi with infected rodents - and 
consequent isolation of Leishmania from P.

duboscqi - confirms the possible role of this 

species in the disease transmission among the 

animals. The identity of the isolates 
 from 
S. antennatusand S.ingramiis pending. 

In our opinion these findings of leishmanial 
infection in P. duboscqi are very significant. 
Our studies on the behaviour of this fly in 
Baringo district indicate their populations are 
presently limited to the rodent burrows. 
Female flies do not come out of the burrows 
and very few males were captured outside the 
burrows. It appears that the availability of 
food (rodents) for P. duboscqi may explain 
why Leishmania major is riot presently a 
common disease in man in this region. How-
ever, if the rodent population is interferred 
with by the settlers of the irrigation scheme 
- a distinct possibility as more people settle 
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there - the disease could become epidemic.
P. duboscqi has already been found to inhabit 
houses in West Africa where it is the vector 
of Leishmania major. 

r>s ection of sandflies from houses 

A total of 11 species of parous phleboto
mine sandflies were captured in houses at 
Marigat. They included P. martini,S. ingrami,
S. antennatus, S. bedfordi, S. adleri, S. 
africanus, S. waynnae, S. clydei, S. rosannae, 
S. schwetzi and S. affinis. The overall rate ofinfection for all the sandfly species dissected 
was 1%, with a range of from 1% to 5%. 
Promastigotes in the gut were encountered in 
S. ingrami, S. adleriand S. waynnae. 

Dissection of sandflies
 
from around termite hills
 

Since the known vectors f visceral leishma
niasis in Kenya inhabit termite hill ventila
tion shafts, dissections were done on all 
parous females captured in sticky traps set 
around termite hills during the year (Fig. 1).
A total of 932 parous females were dissected 
and comprised 12 species of sandflies. These 
were the same species e:countered in houses 
except P. duboscqi was additionally found in 
this environment. The overall infection rate 
was 1% with a range of from 1%to 5%. The 
species encountered harbouring promastigotes 
in the gut were S. ingrami and S. africanus. 

Laboratory investigations
 
of vector-parasite relationship
 

The objective was to investigate the vecto
rial capacity of the laboratory-bred sandflies 
on human leishmanial strains. Sergentomyia 
adleri were artificially fed (through 1 to 
2-day-old chick membrane) on rabbit blood 
infected with L. donovani. These preliminary 
investigations have shown an anterior gut
infection rate of 25% in S. adleri. This deve
lopment is a new tool for investigations for 
vectors of human leishmaniases in the East 
African region. 

Laboratory colony for sandflies 

In order to experimentally provide vecto
rial capacity of vectors of leishmaniases 
incriminated in the field, it is essential to raise 
a laboratory colony. Sandflies, however, are 



ver'y small insects and very difficult to breed, 
The programme has now managed to rear 9 
species in the laboratory. It is set up to arti- 
ficially feed these flies using a water-bath 
heating system and 1 to 2 day-old chick 
membrane It takes from 36 to 41 days to 
produce a gener,.tion from egg to adult. The 
larval diet is still under experimentation. The 
colony in ICIPE now has the following: 

S. schwetzi - 7th generation 

S. ingrami - 4th generation 
S.. adleri - 6th generation 

S. befrdi--
S. atn t2snd5h
P. martini 

5th generation 
generation 

- 2nd generation 

Taxonomic studies of vectors 

of leishmaniasis 

A problem in identifying the aduit phlebo-

tomine vectors of leishmaniases is their 

morphological similarity between females, al-
though males may be distinct. After a careful 
re-examination of the cutaneous leishmaniasis 
vectors from Mt. Elgon, it appears that these 
species may form a complex of species. Diffe-
rentiating them by the shape of the aedeagus 
alone may be inadequate. Similarly, the vec-
tors of visceral leishmaniasis in Kitui district 
are a complex of three species. 

Isoenzymes electrophoresis work has been 
initiated on the Mr. Elgon vector complex 
and prelidninary results are quite promising. 
The heads of both sexes and terminalia of the 
males are preserved for morphological exa-
rination while the thorax and abdomen are 
homogenized in deionized water. These are 
then applied to prepared gel plates and elec-
trophoresed. About 20 enzyme systems for 
each species are analyzed. The mouth parts of 
both sexes and the ovipositor of the females 
are being prepared for light and electron 
microscopy studies to determine morpholo-
gical differences. 

Animal reservoir studies 

Studies of animal reservoirs in Kitui have 
been in collaboration with the Division of 
Communicible Diseases and Research in Kitui 
district. This effort has resulted in the isola-
tion of leishmanial parasites from mongoose 
and a genette cat. It is the first time leish-
manial parasites have been isolated from wild 
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mammalian hosts and their identity is under 
study. 

Examination of dogs revealed parasites 
in tissues obtained from popliteal glands of 
3 dogs in Tseikuru focus, Kitui district, and 
3 from Kibauni focus of Machakos district. 
Animals examined from Machakos included: 
194 dogs, 208 lizards, 9 mongoose, 5 gennette 
cats, 1 hyrax and 13 bush baby. Other parasi
tes seen were: Trypanosomes and Microfilaria 

spp. from several lizards. 
From Masinga focus, 2 dogs, 12 gennette

cats, and 2 mongooses were examined. No 
parasites were seen. 

From Kitui focus 6 gennette cats, 3 
mongooses, 3 squirrels and 52 lizards were
examined. Leishmanial parasites were 

observed in one mongoose and one gen
nette cat. From Marigat focus, Baringo 

district, 4 mongooses, 21 rats and 3 lizards 
were examined (tissues). Leishmanial parasites 

were observed in splenic smear of one rat 
(Avicarthis spp.). 

Experimental infection 
of dogs with human L. donovani 

Leishmania donovani has been previously 
isolated from domestic dog in the Kala-azar, 
endemic areas of Kenya. As it is the causative 
organism of human visceral leishn.aniasis, it 
is imperative to determine the course of the 
infection. Studies in experimental infection 
were initiated by the innoculation of eight 
1,om'stie dog pups with L. donovani from an 
infected humin. Four of these dogs (which 
died during the course of investigations) did 
not harbour parasites in spleen, liver and 
blood. The others are still under investigation. 

Uptake of prorniastigotes of different 

leishmanial isolates by mice and hamster 
mononuclear phagocytes 

Animals were injected intraperitoneally 
with in vitro rai.sed parasites. Peritoneal 
exudate cells, peritoneal fluid and peritoneal 
blood were examined at specific time inter

vals for parasites. It was possible to show that 
lizard leishmaniai promastigotes could infect 
BALB/C mice microphages and transform to 
amastigotes. Other isolates which infected 
the mice macrophages were human strain, 
and an isolate from a sandfly from Makueni. 
This type of peritoneal fluid examination may 
prove an additional diagnostic tool in the 
leishmanial isolates identification. 



Insect Pathology and Pest Management Programme 

This programme was established in April 1982. Its objective is to assist the ICIPE crops 
programmes by designing integrated pest management s-,stems. The goal is improving food 

production and health in rural farming communities in the tropics by utilizing pathogens, 
parasites,predatorsand new culturalpractices. 

Initial emphasis has been on field work. On the ve-tor side, an attempt has been made 
to map the distribution of virus-like particles in coastal tsetse fly populations and to identify 
these particles.A study has been carriedout in the laboratoryto leari' how protective immunity 
against bacteria can be induced into tsetse flies. An earlier study on Coeiomomyces indicus 
(a fungus and potential control agent for mosquitoes) was terminated in 1982 when ICIPE 
researchon mosquitoes disbanded. 

The main effort of the IPPM Programme has been on the crop pest side. Although the 
programme is still in the building stage, research is carried out at Mbita Point it, close coopera

tion. with the ICIPE crop pest programines. During the later half of 1982 extensive regular 
surveys have been carried out in mono- and integrated-crops at the station and in farmers' 

fields in the area. In addition to disclosing possible pathogens and parasites which can be used 
for pest control, these surveys stpply life table data. Work in 1982 has been directed toward 
two crops. sorghum and maize, and involving two stemborer.. Chilo partellus and Busseola 
fu sca. 

Monitori'Ig of Stemborer 
Populations 

This study aimed at mapping the distri-
bution of stemborers and their natural enemies 
in maize and sorghum crops. It also sought to 
determine the role of left.over maize stalks in 
farmers' fields as a source of infestation for 
the next crop. 

In new sorghum crops (Serena) the first 
batches of Chilo partellus eggs were detected 
three days after germination. First instar larvae 
were collected six days after germination, 
Thus, first infestation of Chilo partellus may 
be expected within a w ek of germination 
(roughly 3- to 4- leaf seElling stage) in areas 
with a large endemic population and with 
weather conditions similar to those at Mbita 
Point. 

Tw --. Pediobus. opterou" pat, 

furvus, Gah. (Eulophidae) and Dentichasmias 
busseol,:z, Heinrich (Inchneumonidae) were 
collected from farmers' fields during the main 
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crop season (April - July). P. furvus is a pupal 

endoparasite which, at Mbita Point, has 
produced up to 216 adults from one single 
pupa of Busseola fusca. D. busseolae is a 
solitary pupal endoparasite and was recovered 
from several Chilo partellus pupae and 
Busseola fusca pupae in the same field. 

Earwigs (Dermaptera) were observed to 
feed on young Chilo partellus larvae when 
confined with larvae in petri Cdshes in the 
laboratory. It is not yet established whether 
they can prey on larvae within stem tunnels 
in tha field. 

So far, the locally occurring natural 
enemies have shown little impact on borer 
population build-up both at the Field Station 
and in farmers' fields. Infestations have been 
observed of up to six Busseola fusca larvae per 
sorghum plant in farmers' fields and up to 
five Chilo partellus larvae per maize plant at 

the station. In one field at Gingo more thnui 
90 per cent of the sorghum plants were 
infested by Busseola fusca and Chilo partellus 



larvae. However, if the simultaneous emer-
gence of a large number of 1'. furus adults 
from a single pupa turns out to be d(ue to 
polyembryony, this opens scopes for mass 
rearing and possible use of the parasite as a 
control agent. 

So far no pathogens hav been observed 
to cause heavy mortality in the pest lpopula-
tions monitored. In addition to fungi and 
bacteria, what appears to be a virus has 
recently been found on Chlo partellus. 
'I'his observation needs to be confirmed and 
the virus isolated before anything can be said 
about its pote ntial as a (on rol agent. 

Busseola fusca and Chilo partellu, 
larvae persisted after harvest in living ,,talks 
of sorghum for more than five months. Field-
collected larvae of Busseola fusea have been 
maintained in fresh stems in the laboratory, 
actively feeding and moulting for more than 
six monihs, without pupating. Chil) partellus 
larvae maintained in the same way, however, 
pul)ate and emerge as aduilts. No hibenating 
Busseola fusca larvae have been recovered 
from dried Lp maize stems in the field. This 
indicates that !usseola fusca populations may 
carry over from one cropping season to the 
next in sorghmi stems left in tile field after 
harvesl even in the absence of wild alternative 
hosts. It also indlicates that growing sorghul 
and maize together may increase the pest 
pressure on the maize crop, an observation 
confirmed by int 'rcropping trials carried out 
at Mbita Point. 

The fact that Chilo partellus larvae 

(recovered from post-harvest sorghum stalks) 

pupate and emerge, coincides with results 

from pheromone trap catches that indicate 

Chilo partellus does not have any hibernating
period similar to that of JBusseola fu~sca. 

Alerati s rto and/orolutesorghfum.

Alternative host; volunteerand/or sorghum 
shoots seim to he necessary to support
residual Cei/o patellus poulations between 
cropping seasons, 

Virus-Like Particles in the 
Tsetse Fly, Glossina pallidipes 

The microbial control potential of tile 
virus of Glossina pallidipes is its ability to 
cause abnormalities to both male and female 
reproductive systems, and partial or complete
sterility of infected hosts. Similar viruses 
are known to occur in two other tsetse 
species, G. morsitans centralis and G. fuscipes. 
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The present study aimed at determining the 
distriution and nature of virus particles that. 
are associated with the salivary glands of 
(lossina pallidipes. Field surveys have shown 
that enlargement of the salivary glands occurs 
in 2 to 15 per cent of the coastal populations 
of G. pallidipes but does not occur in the two 
other species occul)ying tile same ecological
environment, G. brevipalpis and G. austeni. 

To isolate and purify the virus, tsetse 
flies were trapped in the field. Salivary 
glands of infected flies were removed by 
dissection. These were subjected to standard 
purification procedues and biochemical tests 

and the virus particles were examined in an 
electron microscope. An extremely sensitive 
method was founld to be suitable for surveys 
in the field. This method, the enzyme
linked immunosorbent assay technique 
(IELISA) depends on tile production of 
antibodies in a suitable host. An enzyme 
alkaline-phosphatase is linked to the gamma
globulin and this is used to test for the 
aitgen in the unlinown exi.act. This method 
was sensitive enough to show the presence 
Of tile purified virus down to 2 rg. 

T7he tsetse virus was found to be rod 
shaped (size 533 by 4mp to 1,011 by 4mp) 
with DNA as the basic nucleic acid. It there-
Fore resembles vaculoviruses although it is 
larger and does not occur within a protein 
sheath. 

Induction of Protective Immunity 
If pathogens are to be used as biological
 

control agents it is important to know
 
whether or not the target pests 
can develop 
whe ne o en ag t e can m. e 
de en s is ms atempt t h e ifpresent study is an attempt to investigate if
 
tsetse 
 flies can develop immunity againstbacteria and to detcrmine the nature of 
this immunity. 

In the 1980 ICIPE Annual Report the 
interaction between Bacillus cereus and 

tsetse hemocytes was presented and it was
shown that the bacteria were cleared from 
the hemolymph through phagocytosis by
plasmatocytes. Further experiments have now 
shown that injection of small doses (1 x 103)
of live Escherichiacoli into Glossinamorsitans 
morsitans induces a protective immunity. 
When challenged with a higher lethal dose, the 
mortality rate is much lower for vaccinated 
than non-vaccinated flies. 

In three separate replications, groups 



of 56 newly emerged female (;. In. morsitans 
were used. In each experiment, one group was 
inject d with 1 x 103 live I'. coli from a three-
m oi th-olld n1tr en0t broth culture. :\ econd 
group was injected with saline to act as a 
control. Twenty-four hours later, each fly 
was challenged with 1 x 10)5 live E. co/i 
from a o(ne-day -old culture and mortality 
was recotr(ded for 12 consective (lays. Pooled 
data from these experiments shows a highliy 
si.nificant difference in mortality rat, 
h etwel, the (7witrol and the vaccinated 
L.r-on Sixi hys I,,st-challunge, only 10 per 
cent , the v:wcinatid flies had diedn 
CtIn1'anteI to 10 e r c,, in the control. 
In the. Vatti ;td gr tup 1"2 days c, )st-,hallenge 
overall mirtalitv was still 10 per cent while 
nmrtality in til, cintritl had reachedI 50 per 
cent ant was still ine'rasimn. 

The nature of this immulnity is IIOw 
being investigat4iI. We tr, trying t, t establish 
whether the immnity is cellular or humoral. 
spetcific Or no0n-sp)ecific an tio t te iie 
its maximum duratioi. 

Influence of Copepod Density on 

Infection Levels 
('ertatin specis o)f cyclops serve as inter

iediat hosts of the fungal pathogen Coeo-

MoIycis. t:arlier research has shcwn that 

cot)trol of mosquitoes by Coelomomyces 

must utilize cyclops as an intermlediate host, 
so factors that affect cyclop survival and 
in fection must he considered. 

The present study was cJ:',.ri-d out to 
tet,,rmine the relationshilt Ietween density 

ch:Ulo es ill cyclh species and Coh'/onlo ii'Wees 
infectio:- levels in mosquitoes. Along the 
Kenya coast Anophees gambiae breeding 
sites cotntain five different species of cyclops. 
)f these, Only Aicrocyclops mintis appears 

to Serve as an intermediate host of' Coelo-
itionycCs indicus which attacks the larve of 
A, ga,nbiaW. The occurence of Al. in inus is 
not vw%, consitent, however, and densities 
tiffer both Over time within a pool antI from 
in, pool to another. 

A sem i-permanent am temporary set 
of pools were sampled weekl:" for 20 weeks. 
(yclips were coutitetl anI the sp)ecies identi-
fie, I tsiPL thP IinOr jhology of mature females. 
C/ohMoeovces in dictIs in feCfion of m osquit(o 
larvae was also recorded, 

Two species of cyclops predominated in 
the pool.;: Ml. noinutfs and Alesocvclops 
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leukarti. In the so.mi-pernenent pool, the 
densities of Al. ininutus were high immediately 
after the rains, while those of Al. leukarti were 
low. Al. minuti s density then suddenly 
decreased while the numbers of Al. leukarti 
increased. By the 20th week there were no 
cyclops in the water sampled. Infection in 
this pool occurred only at the beginning of 
the sampling period when Al. minutus density 
was high. In the temporary pool there was no 
defined pattern except that Al. minutus 
occurred most of the time while Al. leukarti 
did not. Infection in this pool was present 
mosi ui"ihte 6ine. 

In our field study a definite re!ationship 
existedI between cyclop densities (particularly 
.11. min utis) and Coelomornyces infection. 
Itigh copepod densities appear to favour 
(,oelomoniyc:; infection although in the 
laboratory it has been shown that too high 
a copel)od density retards fungal develop
ment. In the field, where pathogens, predators, 
poor environmental conditions and poor 
uitrition are at work, copepod densities 

probably (1o not go as high as those artifi

cially formed in the laboratory. Our highest 
field-recorded Al. ,inotus density was 2 
cyclops per 1 ml of water and this was not 
encountered frequently. In the field, as in the 

laboratory. there is probably a maximum level 

of density which will result in high infection 
rates. 

The Crustacean copepod, 
Alicrocyclops minutus: An Intermediate 

Host of the Fungus Coelotnotnyces 
i,,ndicus 

The main deterrent to the use of 
Co,_loniomyees as a biological control agent 
has been our inability to obtain consistent 
laboratory infection so that large quantities 
of the pathogen can be stockpiled for field 
releases. A significant aspect of the life 
cylce of Coeloniomyces is that copepods are 
obligate intenediate hosts of the pathogen. 
In our laboratory we have now successfully 
demonstrated that the cyclopoid, Alicrocylops 
minuus, is the intermediate host of Coelomy-
Tes indicos. Tb is has facilitated the 
transmission of C. indicus to larvae of A. 
gambiae in the laboratory. Thus we have 
managed to maintain a culture of MI. ;.iinutus 
and C. iudicus in Anopheles gambiae larvae. 



Chemistry and Bioassay Research Unit 

Chemistry and Biochemistry nerged with the Bioassay Unit on January 1st and for the 
first time took on its own Special Project with InternationalAtomic Energy Agency (I.A.E.A.). 
This is to investigate ligno-cellulose degradation by enzymes from microorganisms associated 
with termites. This meant creating a microbiology laboratory in the little space available and 
engaging another bio.hemist. Hence 1982 has been a crowded year in more sense than one, but 
the influx of funds meant that at least we could re-equip the unit with a new capillary Gas 
Comatograph (GC), a modern High Performance I.iquid Cromatograph (IIPLC) and a data 
,ecquisitionsystem for the Gas Cromatograph/MassSpectrometer (GC/MS). The equipment has 

at last arrivedand will be operationalin 1983. 
Synthetic chenistrv, started last yer, has really begun to make strides not only 

in fornuiation of further analogues of "pallidilure"(the tsetse sex-stimulant) but in the 
Making of urgently needed precursorswhich would take too long to order from abroad. Starting 
,naterials were required for new routes of synthesizing potential antifeedants and arnti-J-I 
snalogues. Isolation of new and known phytochemicals continued to be exciting because their 
screening in new and already established bioassays turned up hoped-for pesticidalproperties. 
The collaborative venture with IRRI on brown planthoppercontrol has led to the cotton stainer 
,iow being used routinely to test the efficacy of many of the naturalproducts we have isolated 
(rom African plants. Also, our microbiologist has arranged a new battery of tests for 
bIacteriocidalcompounds that is alreadyproving most useful. 

The list of ten papers accepted for publication since the last report was written, attests to 
!hegood work that continues to come out of the revamped Chemistry and Bioassay Research 
Unit. 

Fungal Enzymes 

A novel screening method has been 
Jevised whereby presence of the enzymes 
apable of hydrolysing azure-cellulose can be 
stablished in cultures of fungi obtained 

From Macrotermes michaelseni and Odonto-
lermcs montanus mounds. The carbohydrase 
--omplex in the conidiophores of Termi
!omyces spp. collected from fungus combs of 
11. michaelseni has been purified using CM 
md DEAE-sepharose columns. Cellobiosidase 
md CMC-cellulase properties have been 
;Oudied and compared with enzymes from 
3ther sources. 

The arrival of the FIPLC means that the 
mzymes in microorganisms capable of degrad- 
ng ligno-cellulose can now be studied. 
3uitable model substrates, along with soluble 
md native gass lignin, have been prepared 
,or what promises to be the central problem 

)f the Special Project assignment - the 

rendering of agro-industrial biomass into 
fermentable, degradable components. Equip
ment and isotopically labelled substrates 
expected from I.A.E.A. will allow even more 
sophisticated enzyme studies to be carried 
out with bacteria already isolated from 
termite workers. 

Insect Hormones and Pheromones 

The discovery of ecdysteroids in the 
ovaries of pregnant tsetse nearing term (day 7 
of the cycle) has stimulated research into the 
cause and effect of allatostasis in G. m. morsi
tans. Topical application of JH III reversed 
the effect, as expected, of feeding20.hydroxy
ecydysone at the beginning of pregnancy. 
Professor Heinz Rembold of Max-Plank 
Institute (Munich) now assists us in determin
ing JH titres during pregnancy so that we can 
explain the function of ecdysteroids released 
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into the haemolymph from the ovaries pre
cisely when the uterine gland ceases to 
synthesize "milk". The identity and titre of
ecdysteroids in the egg, embryo and larva of 
tsetse are also being determined. 

A new synthesis of grandisol, a com
ponent of the sex attractant of the Boll 
weevil (Anthonomus grandis), was attempted 
with Professor Norin in Stockholm, but we 
cannot yet report how successful the method 
will be. In collaboration with Crop Borers and 
Sensory Physiology, isolation and testing of 
Maruca testulalis sex pheromone is in progress, 
while the oviposition deterrent of the sor
ghum shootfly continues to pose microchemi-
cal problems relating to activation of this 
semiochemical. 

Last yeai (ICIPE Annual Report 1981) 
we reported synthesis of 3 isomers of "pallidi
lure", the tsetse sex-stinmulant. Examination 
of new mass spectral data (obtained from the 
active fraction of female cuticle extract) 
allowed us to conclude that the predominant 
alkane was indeed 13, 23 - dimethylpenta
triacontane (I) and not the 13, 17--1I) or 15,
19--isonmers (111) as earlier sup: osed. 

It is noteworthy that the 3ex-stimulant 
for G. m. morsitans ("morsIlure") is also a 
symmetrically substituted alkane (trimethyl-
heptatriacontane). Therefore it came as a 
surprise to find that the non-symmetrical 
isomer II (which has only one 13-methyl 
substituted alkyl group) is twice as active 
in laboratory bioassay as the natural phero-
mone I. Isomer II and the much-less-active 
III share a common feature with "morsilure" 
in having a 1,5-dimethyl structural unit. In 
order to investigate the relative importance of 
symmetry, chain length and the presence of 
the 1, 5-dimethyl unit in conferring 
aphrodisiac properties to these hydrocarbons, 
we have undertaken synthesis of IV, V, VI 
and VII and bioassays are in progress. In 
addition, the stereoisomers of I and 11 are 
being synthesized by Professor Kenji Mori 
(our scientist in residence for 1983). Hope. 
fully the results of these structure - activity 
studies will throw some light on the mode 
of action of the pheromone at the receptor 
site. 

Allelochemicals 

At long last collaboration with Bases 
of Plant Resistance Programme has begun in 
earnest. Volatile substances from cultivars 
of maize partially resistant to attack by Chilo 
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partellus are being analysed by GO prior to 
testing by Sensory Physiology. A sorghum 
variety has yielded a compound which is 
active in retarding growth of C. partellus 
when extracts and Thin Layer Chromatogram 
(TLC) elautes were added to an artificial 
diet developed at the Centre. We only ne'd 
a harvest of the crop to confirm our tentative 
identification of the active substance. 

Natural Products Chemisiry 
An oil with insecticidal properties against 

Brown Plant Hopper (Niloparvata lugens) 

was previously isolated from a plant by Dr. 
R. C. Saxena at International Rice Research 
Institute. In this laboratory the oil was
 
prepared by steam distillation and then 
fractionated (vacuum distillation) into four 
fractions, of which two, containing sesquiter
penoids, were active in the bioassay. 

Micropreparative separation of these 
components on u-porasil by HPLC provided 
sufficient material for bioassay and identifica
tion of the most active compound. Confirmation of the structure by FT-NMR and 
synthesis is underway. Ten to twelve analo
gues are also being synthesized for evalhation 
of their insecticidal properties. 



Table 1: Antibacterial activity of three Kauranoid diterpenes from Aspilia pluriseta leaves 

Bacteria (ham 
Reaction 

Escherichia coli --ve 
Bacillus mycoides + ve 
Alacrococeus luteus + ve 
Bacillussubtilis + ve 
Staphylococcus aurcus + ve 
Xanthomonas pelargonii -e 

Bioactive natural products 

Alilletia thlonniqgii 

A new isofl-vone (VIII) has been 
identified in the seeds of this plant 
which also contained a known isoflavone 
(IX) not previously found in nature. 

Their structures were determined 
hy Mass Spectrometry and NMR spectro
scopy before and after derivation 
(methylation and acetylation). 

Aspili, puriseta
 

Aspilia pluriseta leaves are used 

medicinally as an antiseptic and an 

antifungal agent. Three kauranoid diter
penes have been isolated and identified
 
as active against th2 bacteria shown in
 
Table 1.
 

Teclea trichocarpa 

Three 9-ac-idor.e alkaloids (teclean
thine, its 6-methoxy derivative and 

Melicopicine) were isolated from bark.
 
They showed activity against the fungus
 
Cladosporium cucuraerinum and the 

bacteria Bacillus subtilis ( >200 jig). 


Tovotnita tnanl1e
 

Two new benzophenones named
 
tovophenone A and B have recently been 

isolated from the bark. Prior to testing
 
their antimicrobiol activity, we have
 
confirmed their structures by derivation
 
and spectroscopy. 


Activity 
(in. inhibitcry concentration ug/disc.) 

x XI XII 

50-100 50-100 100-200 
> 1.50 100-200 100-200 

75-100 >200 > 200 
>300 > 200 > 100 
>300 >200 >100 

75-100 >100 >100 

OH o
 
Vill OH
 

0 1 

H 0 

OMe 

-

' 

x 

0 

"COOH
 
Xl 

0 

0 

'COOHXII 
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Sensory Physiology Research Unit 

The Senosry Physiology Research Unit provides a means for understanding Jhe neuroaland sensory basis of pest behaviour. Investigations on target insects of ICIPEare undertaken incollaboration with the research progarnmnes, usin, electrophysiological and behavioural 
tnethods. 

At the momnent attention is focused on acoustic and chemoconmunication in tsetse and oncheinocommunicationin stein bore,-. and ticks. 

Tsetse 

Acoustic communication 

Sound is suspected of playing an 
important role in the behaviour of tsetse. 
Sounds produced during feeding behaviour of
the tsetse Glossina in. inorsitans Westw. were 
recorded and analysed.

Male and virgin female flies very seldom 
sang before feeding, but mated females sang
in more than 20% of the cases before taking a 
meal. Sound production during engorgement 
was negligible among all three groups of flies,
After fee'ding, sounds were commonly 
produced, mated females singing significantly

more than virgin females and both of these 

groups more than males. The 
mean duration 

of the postfeeding sounds did not differ 

between the 
 sexes and did not change with 

age. 


Oscillograms of the songs indicated that

they differed between the sexes. The songs

contained frequencies up to 50 kllz with the 

exception of the male prefeeding songs, which 

did not contain 
 any ultrasonic components.

The most dominant frequency was between 

1.5 and 2.5 kHz. Peaks were also observedbetween 0.5 and 0.8 kliz and around 5 kHz 
and 9 kHz. Prefeeding songs were of a weaker 
intensity than postfeeding songs. 

Sounds associated with feeding behaviour 
may play a role in attracting hungry flies to 
suitable hosts. The low frequency components,
having higher intensities (30-40 dB) than the 
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ultrasonic ones (10 dB), most likely carry the 
most important part of the acoustic information. Studies are also in progress to investigate 
the songs produced during mating and larviposition. The behavioural responses of tsetse 
flies to these songs are being investigated. 

Chemocommuuication 

Studies are in progress to investigate the
suggestion that the female contact sex 
pheromones in Glossina are perceived by
receptors on the legs of males. In collaboration 
with the Chemistry and Bioassay Research 
Unit a method was found to dissolve the 
highly non-polar pheromones in electrolytic
solutions, so that electrophysiological record
ings could be made from taste hairs on 
stimulation with the pheromone. So far, 
no pheromone receptors were found on the 
legs. However, very sensitive mechanoreceptors 
and thermoreceptors were found.
 

Investigations on 
 the sensitivity of the
 
antennal olfactory receptors 
 to various
 
chemicals are also in progress.
 

Stem Borers 

Studies are in progress to determine the 
stimuli which induce oviposition and feeding
behaviour. inese will investigate the sensitivity
of the olfactory receptors on antennae and 
the taste receptors on the mouthparts, legs
and ovipositor of stem borer moths and larvae. 

Various plant volatiles, including geraniol, 



linalool and citronellol, in(luce olfactory 
responses from the electroa1tennoram 
recordings. In addition, it was shown that 
among the mass of several hundred haim; at 
the distal end of the ovipositor of Chilo 
partcllus, four of them are sensitive to chemi-
cal and mechanical stimulation (bending). In 
contrast, the ovipositor of E!da!7a saccharina 
is equipped with several of these hairs. Chemo-
mechanosensitive hairs have also been found 
on the tarsi of the moths. Various organic 
substances are now being tested to determine 
the chemical stimuli influencing oviposition 
behaviour. 

Simnulation of the taste sensilla of 
larvae of C. pa tellus, A. ,acc:ari;oa and 
Maruca teslulalis with various plantsubstamces 
have revealed that in the maxillary sensilla 
stvloconica ()f tOes, 3;pecies, water and 
sucrose sensitive cells are present. In C. 
parte/lus larvae an additional chlorogenic 
acid-sensitive tel. hias been discovered. The 
C. partellus and E. saccharitia sugar cells 
are more sensitive to sucrose than those 
of M. testula/is. These studies are now 

(A) 

MALE40 

(B) 3o 

20to
 

being extended using various other plant 
subhstances. In addition, other important pest 
stem borer species (Bussola fusca, Sesarnia 
calainistis)are ieing tested. 

Ticks 

Electrophysiological recordings from 
tarsal olfactory sensilla in the ixodid ticks 
Rh ipicephalus appendiculatus and Am
blyomma variegatum were made to determine 
their sensitivity to the phenolic compounds 
2, 6-dichlorophenol, p-cresol, phenol and 
salicylaldehyde, reported to act as sex 
pheromones of various ixodid ticks. Response 
patterns of cells in sexually mature and 
immature males on stimulation with these 
substances appeared to be similar, but response 
ievels wexe higher in sexually immature 
males. Hexane washings of adult and larval 
ticks contained very potent odorous stimuli, 
which produced responses similar to 2, 
6--dichlorbphenol. The chemical identity 
and behavioural significance of these stimuli 
are under investigation. 

5 msec. 

F11ALE
40 


30.
 

20. 

POSTFEEDING SONGS OF MATURE FLIES 

(A) The wave forms as shown by oscillograms. (B) The frequency components of these songs. 
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Histology and Fine Structure Research Unit 

The biology of insects varies from species to species. As a prerequisiteto the study of the
biology of target insect pests, therefore, it is important to undersiandfully the structure and 
function of the vital organs of each insect in question. The reproductive process and develop
ment in general are under the influence of the neuroendocrinesyste-'n. Consequently, structural 
and functional sti'dies of this system lead to a better understandingof the physiology and be
haviour of these insects. Some of the target insects are zectors of important human andanimal 
diseases. Structuraland functional studies of the salivary glands and digestive systems of these 
vectors can tell us a great deal about parasite-vectorrelationships, in general, and the biology
of the parasitewithin the vector, in particular.Finally, in their quest for food, mate and shelter,
insects are constantly interacting with their immediate environment. The structural 
identification of the sensor. receptors that enable insects to perceive various environmental 
stimuli, whethc chemical or physical, provides valuable information concerningtheir biology 
and behaviour. 

Studies or. Neuro-Endocrine 

Systems of Target Insects 


The corpus cardiacumn (CC) has long been 
known as the major nuerohaemal organ from 
which the material from t'ie nervus corporis 
cardiacum (NCC) is released into the hac-
molymph. In Glossina, do other neurohaemal 
organs exist? What is the relation of the time 
of release from the axonal endings to the 
cyclic nature of tsetse reproduction? In in-
sects the corpus allatum is known to produce 
the juvenile hormone (JH), important for the 
regulation of development in juvenile stages. 
In the adult female the same hormone plays 
a major role in regulating reproduction (egg 
development). It was, therefore, interesting to 
examine the ultrastructural changes that may 
take place in the corpus allatum during the 
unique pregnancy cycles in Glossina. 

Wall of the aorta 

Upon leaving the brain, the NCC nerve 
comes to lie on the ventro-laterai walls of 
the anterior aorta. Axons branch off from the 

NCC nerve and migrate into the area between 
the two stromal sheaths of the aorta. The 

aor-ta wall, very thin before the entry of axons, 
now enlarges, and the swollen axonal endings
become the main feature of the aortal wall. 

These swollen axonal endings, fully loaded 
with neurosecretory material (NSM), are 
observed on the wall of the aorta throughout 
the life of the insect. There are no particular 
peak periods of ielease of neurosecretory 
material from the axonal endings. 

Corpus allatutm 
Further posteriorly, several axons branch 

off from the NCC nerve and penetrate into 
the unpaired corpus allatum (CA). Axonal 
endings loaded with NSM are observed both 
in the intercellular spaces and within the cyto
plasm of individual CA cells. 

The main features of CA cells are an abun
dance of polyribosomes and free ribosomes. 
numerous mitochondria and microtubules 
which have a varied orientation within the 
cytoplasm. The nucleus is round or oval in 
shape with large nucleopores and dispersed
chromatin. Stacks of membranous structures 
resembling smooth endoplasmic reticulum 
occur as a unique feature in the cytoplasm. 
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appropriate to identify the variots types of 
moth sensilla. In addition to morphological 
studies, electrophysioiogical tests are carried 
out to identify the stimuli detectable by the 
moth's various sensory receptors. This infor-
nation enables us to identify the media 
through which the moths perceive and interact 
with their environment. 

Pre'iminary scanning electron microscope 
(SEM) results indicate that there is more 
than one type of sensilla on the antenna of 
C. partellus. Those identified include thermo, 
gustatory, olfactory and mechano-receptors. 
Transmission electron microscope (TEM) 
studies are in progress. 

Salivary Glands 

and Digestive System 


The salivary glands of tsetse flies provide a 
suitable environment for the development of 
infective forms of TD'ypanosorna brucei. It 
has been observed that infected glands tend to 
be larger than normal ones. To find out 
whether Ti-ypanosoma in tsetse affects longe-
vity of the -tsetse vector, research is underway 
in the ultrastructural nature of the se-retory 
cells of trypanosme-infected salivary glands of 
G. morsitans, and the histochemistry of the 
secretions in the glands. 

Ultrastructurally, infected glands contain 
trypanosomes in the epithelium, with flagella 
extending into the basal plasma-membrane. 
The lumen of such glands fill ip with trypa-
nosomes and these give positive reactions with 
some histochemical reagents. Normal glands 
have a relatively small epithelium surrounding 

the lumen. The homogeneous secretion in 

the lumen of uninfected glands gives similarly 

positive results. 

One commonly used method of confirming 

virus-like particle infection in tsetse is by dis-

section. Electron microscopy grid serology 

is used for the detection of tsetse virus-like 

particles in saliva and extracts of salivary 
glands of G. austeni, G. brevipalpis and G. 
pallidipes. 

The virus was purified and an antiserum 
prepared in rabbits. The antiserum was used 
to develop the enzyme-linked immunosorbent 
assay (ELISA) for virus detection. The results 
showed the method to be sensitive, but a 
number of false-positive results were recorded, 
To clarify the unexpected results, transmis-
sion electron microscope (TEM) studies 
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were employed to check for presence of 
virus-like particles in the EIISA positive 
tsetse extracts. There was a specific response 
following negative-staining of virus suspension 
after incubation of virus suspension with 
specific antise;uni. 

Reproductive Organs 
of Target Insects 

In Glossina morsitans, the reproductive 
system of the male produces and deliv,.
spermatozoa to the female to fertilize the 
eggs. The spermatozoa leave the tsetse via the 
vasa deferentia. Associated with the vasa 

deferentia is a pair of accessory reproductive 

glands which lead into the ejaculatory duct 
and aedeagus. The male accessory glandmaterial and sperm are carried across the 
ejaculatory duct during mating. Studies 
continue to determine the functional signi
ficance of the ejaculatory duct in the phy
siology of reproduction of G. morsitans. 

The morphology appears to be intricate 
in the anterior ejaculatory duct, where the 
paired vasa deferentia and accessory glands 
merge. The epithelium is made up of a single 
layer of cuboidal cells. In electron micrographs, 
the apical plasma-membrane of the cells have 
deep infoldings with close mitochondrial 
association. The basal plasma-membrane is 
infolded, and such infolds penetrate into 
the cytoplasm forming tubular channels 
and densely lined sacs. These are compar
able to pinocytotic vesicles, described in a 
number of insect tissues. The surface of the 
epithelium facing the lumen is covered with a 
cuticular intima, probably representing the 
epicuticle. The apical surface commonly 
encloses spaces of variable dimensions (Figur
2). 

The lateral boundaries of the cells follow 
a tortuous course, and are closely arnosc, 
only over small portions of it. Septate des
mosumes are formed, closing off intercellu
lar spaces of variable width. The cytoplasm 
of the ejaculatory cells contain ribosomal 
clusters, scattered profiles of rough endoplas
mic reticulum, Golgi, mitochondria and 
microtubules. 

The fine structural studies of the ejacu
latory duct of G. morsitans reported here sug
gest that this organ may be involved in active 
transport of ions and water. Physiological 
studies on the ejaculatory duct are underway 
to confirm this suggestion. 
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ligur, 2. A porton of' dhe ejaculiatory duct epithelial Cells showing the ClltiCular in tima 

(cut) surrounding a lumen (IL) with secretions. Infoldings of the apical plasma
membrane (iap) are closely associated with mitochondria (M). Lpm, lateral 
plasma membrane; N, nucleus. 
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Insect and Animal Breeding Services 
The Insect and Animal Breeding Unit aims to centralize and streamline the breeding andsupply of the target insects and laboratory animalsrequiredat the ICIPE. 

Gllossina morsitans morsitans 

During 1981 
30,035 M aiid 
for experimenta! 
than 100% onl 

a total of 29,201 d, 
5492 pupae were supplied 
use, an increase of more 
the previous year. This 

abundant situation continued until late 
January. A new diet had been introduced 
for the host rabbits, one which proved to be 
toxic to tsetse flies. 

The net result was the loss of 2/3 of the
colony in 12 days and very high mortalities in 
teneral and emerging flies. The colony never 
recovered and by July it was necessary to 
obtain pupae from outside the ICIPE to 
re-establish G.m. morsitans. 

The colony is building up rapidly and at 
the time of writing stands at 3000 mated t. 
The Unit started supplying tsetse for experti
mental use in October and intends to meet 
all the demands of the ICIPE scientists early
in 1983. 

Chilo partellus 

The Chio colony was reared on a small 
scale in 1981 (about 1500 larvae of all stages
at any one time) with plans to transfer it to 
Mbita Point Field Station when facilities for 
mass rearing become available there. Since
these facilities are not yet complete the 
colony has been expanded at ICIPE. It can 
now produce up to 5000 late instar larvae
when the demand arises. 

Spodoptera exempta 

In 1981 the armywonn programme
drew to a close and the demand for insects 

declined. The colony was moved in March 
1982 from cramped conditions to a larger
insectary and is housed along with other 
insects used for bioassy work. It continues 
to perform well on a natural maize leaf diet. 
The colony produces an excess of about 
400 insects per month. 

Insects for bioassay 

The Bioassay insects were incorporated
into the Insect and Animal Breeding Unit 
in March 1982. These insects are bred specifi
cally to the requirements of the Chemistry
and Bioassay Research Unit and are left at low 
population levels until required for experi
ments, when numbers are increased. All 

insecis:1,.:se ar, reLor.n'd on artificial diets. 

Rabbits 

Rabbits are supplied to the Tsetse and 
Tick Programmes as arthropod hosts; to theTsetse Programme for the maintenance of 
pathogens and to the Medical Vectors Programme as a source of blood for culture 
media. 

At the start of 1982 the colony was 
able to meet the requirements of the tsetse 
colony, the ICIPE scientists at Chiromo and
for the first time iCIPE scientists at Muguga
received a total of 90 - 100 rabbits per 
month. 

Supplies of rabbits for use as hosts for 
tsetse had to be halted in February 1982
after the unknowing use of rabbit diet 
contaminated with a toxin. However, no
effect from the toxin was observed on the 
rabbits kept on the toxic diet for 15 days. 
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BEETLE 
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HtOUSEF.Y 
Musca domntica 

MOSQUITO 
Aede, negypti 

COTTON STAINER 
Dyadercus fascia tus 

AFRICAN 
GRASSHOPPER 
Gastromaru afr conus 
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Sodopter exempta 

RABBITS X X 

RATS X 

MICE X 
HAMShI1S xi 

Their appearance and behaviour was normal 
and no effect on reproduction was observed, 
either while they were on the diet or since 
ceasing to use it. In rabbits kept on the toxic 
diet for a prolonged period, no adverse effects 
were observed until 31/, months, when the 
first mortalities were observed. Death was 
preceded by agitated movement and muscular 
spasms, but the cause of death was not deter-
mined. Some rabbits were kept on the toxic 
diet for 6 months without showing any 
abnormalities. 

Over the years the original rabbit colony 
had been mixed with local rabbits of 
uncertain origin. The history of the colony 
could not, therefore, be defined. With a view 
to replacing the existing colony, 40 does and 

X X X X X 

X X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

T 

2 bucks of New Zealand white rabbits have 
been obtained from a reputable supplier. 

Rodents 

The mating and rearing of rodents does 
not present a problem to the Unit. The only 
limiting factor to greater production of 
rodents is space. Since early in 1980 the 
Unit has been geared to produce in excess of 
75 rats and 100 mice per month although the 
demand fluctuates considerably. 

One innovation to rodent - rearing was 
the introduction of hamsters early in 1982. 
The colony is established and hamsters are 
supplied, again, according to the fluctuating 
demand. 
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Library/Documentation Services 

The increase in library stock was modest in 1982, due largely to the ever rising cost of 
pu blications. There were 120 new book accessions. 108 of which wvere purchased and the rest
received as gifts. 

No sienificant chan,,vs occurred in periodical subscriptions apart from igher charges.
Assistance roim set,eral organizations, notably the Swiss Academy of Sciences, reduced the
hardships. It is still not possible to obtain all requiredjournal literaturelocally. As is the case
with many research institutions in developing countries,ICIPE has to buy photocopies of nany
relevant periodical articles from abroad especially fron the British Library. This year about 200 
Such in onographswere procured. 

Publications 

The ICIPIE publications list for the year 
is by no means exhaustive. Supplements are 
recorded as information on new publications 
is received. Note the Supplement to the 
1981 Publications List included in this year's 
report. Requests for these supplements should 
be addressed to the Library/Documentation 
Services, ICINE, P. 0. Box 30772, Nairobi, 
Kenya. 

By far the most significant publication 
of the year was the long-awaited ICIPr 
sponsored monograph: Physiology of Ticks; 
ed. F. ID.Obenchain and R. Galun. The 1,ool 
can be purchased through book agents or 
from the Publishers: Pergamon Press, Head-
ington Ilill-alall, Oxfoid OX3 OBW, England. 
It is the first of a new Pergamon series: 
"Current Themes in Tropical Science" which 
is edited by Prof. T. ; . Odhiamnbo. Insect 
Science and its \ppic'in",, the ICIPEi 
sponsored quarterly journal, moved into its 
third year. The quarterly newsletter, Dudu 
continues to provide information about 
ongoing activities of the ICIPE. 

Mbita Point Field Station Library 

Mr. Eric Ndegwa took up his post as 
Librarian for Mbita Point Field Station in 
May, 1982. Previously he worked with the 

Kenya National Library Service. Undaunted 
by the teething problems of Mbita, Mr. 
Ndegwa has launched a library service at the 
station, operating from a classroom at the 
International School. It is hoped that he will 
have a proper library when the new admini
strative block is completed. The stock is 
.growing slowly but steadily. A British Council 
book donation forms a major part of the 
collection. 

Cooperation with other institutions 

ICIPE continued 
many libraries around 
benefit. The libraries 
interfacing with ICIPE 

to cooperate with 
Nairobi for mutual 

most commonly 
are those of the 

University of Nairobi and the Kenya Agri
cultural Research Institute (KARl). At 
MIita, ICIP E is cooperating fruitfully with 
the Kenya National Library Service libraries 
at Kisumu and Kisii, and the British Council 
Library in Kisnmi. 

Address requests for the Supplement 
to the 1981 Publications list to: 

Library/Documentation ServicesIC. 1. P.E. 

Post Office Box 30772 
Nairobi, Kenya 
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Major Serniars 

Dr. J. B. Kaddu 
ICIPE, Kenya 

-- Vector parasite relationships 
phlebotomine sandflies. 

of leishmania and Kenyan 

Dr. C. A. Mcfoy 
ICIPE, Kenya 

Induced 
defence 

inhibitors from plants and their multiple role in the 
mechanisms against plant pathogens and insect pests 

Dr. A. Alghali 
1CIPE, Kenya 

- Some studies on the relative susceptibility of ten rice varieties to 
Diopsis thorecica West 

Dr. J. 0. Oloho 
ICIPE, Kenya 

- Evaluation 
isolates 

of different methods for identifying leishmanial 

Mr. S. Okech 
ICIPE, Kenya 

-- Mechanisms of 
lugens in rice 

resistance to brown planthopper, Nilaparvata 

Professor M. F. Claridge 
University College, 
Uinited Kingdom 

--

-

Brown planthoppers: a variable pest on rice 
Acoustic signals and biological species problems in Homoptera 

Dr. I). A. Otieno 
ICIPE, Kenya 

A new synthetic approach 
attractant 

to Grand;sol, the Boll Weevil sex 

Mr. J. E. Okiri 
ICIPE, Kenya 

- Does your job motivate you? 

Dr. C. C. Payne 
Glass Itouse Crops 
Research Institute, 
United Kingdom 

- The role of insect viruses as biological control agents 

Dr. L. R. S. Awiti 
ICIPE, Kenya 

- Neuroendocrine mechanism involved in pupal colour dimorphism 
in the Swallow-tail Butterfly PapilioXuthus L. 

Mr. Pieter Cuperus 
Groningen University, 
Netherlands 

- Sensory organs on the antannae of small ermine motbr 
(Yponomeuta spp.) : A comparative electron microscopial study 

Mr. T. K. Golder 
WCIPE, Kenya 

-- Separation of subpopulations of bloodstream forms of T. brucei 
by cationic exchange chromatography 

Dr. B. Amoako-Atta 
Ghana Atomic Energy 
Commission 

-- Observations on the pest status of alcidodes leneogrammus 
(striped bean weevil) on cowpea under intercropping systems in 
Kenya 

Dr. J. 0. Ampofo 
ICIPE, Kenya 

- The role of certain mutant characters in plants on insect - plant 
relationship; The cotton plant as a model 

Mr. S. NI. Othieno 
ICIPE, Kenya 

- The biology and trapping of sorghum shootfly at ICRISAT 

Dr. D. Denlinger 
Ohio State University, 
Ohio, U. S. A. 

- Diapause: the physiology of escaping time 
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1982 Publications 
Arshad M. A., Influenee of the termite , olacrotcras Inichaelseni (Sjost) soilon fertility andveget-lp on in a somi-ari(! savannah ecosstlem. .1,fto-EcosystcIns 8, 47-58. 
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Training 

In 1982 at in the areatraining the ICIPE continued of staff development, research 
training in pest management and training for practitioners. The ICIPE moved to optinzize its 
resources in pest management research training aimed at generatinga nucleus of high calibre 
research scientists in the deteloping uxorld. The emphasis has been mainly on postdoctoral
trainitJ as a means to tap and channel talented young researchers into the area of pest manage
ment and also on postgraduate research training. One major project in training was the African 
Regional Postgraduate Programme in !nseet Science (ARPPIS). Considerable effort was devoted 
to its planning during the Year. 

African Regional Postgraduate
Programme in Insect Science 

Professor Thomas R. Odhiambo, 
(ARPPIS) Director, ICIPE - Chairman 

Following the planning conference held Professor Faysal Abushama 
at Bellagio in 1981, at which the communi- University of Khartoum
 

que establishing the ARPPIS was signed,

ICIPE management devoted great efforts to Professor J. R. Mainoya,

preparations for launching the programme. University of Dar es Salaam
 
Since ARtPIS is a collaborative programme of
 
African universities, research institutions and 
 Professor A. Lutalo-Bosa,

the ICIPE, the most important task was to Makerere University

devise a mechanism for formalization of the
 
relationship between the ICIPE, as the execut- Professor W. Z. Coker,

ing agency, and the other institutions. University of Ghana (at Legon)
 

Four Professors from the University of
 
Ilbadan led by Professor B. L. Fetuga, Dean of Dr. Teferi Gemetchu,
 
the Postgraduate School, signed a communique 
 Addis Ababa University, Ethiopia
outlining the participation of their institutions 
in ARPPIS. Since then a number of other Professor R. Kumar,
institutions and universities took steps to Rivers State University of Science and 
formalize their participation in the same way. Technology, Port llarcourt, Nigeria.

The Interim Committee, a caretaker 
group appointed at the Bellagio Conference, 
wound up their duties in August at their At its December meeting the board also
fourth meeting. They have now passed-on appointed Professor John Okedi the first
their task to the Academic Board which was Academic Coordinator. He is also to serve as 
formed and held its first meeting in August. Secretary to the Board.
The board held its second meeting at the The programme (which will be launched 
ICIPE in December. The present membership in March 1983) is intended for Ph.D. students 
of the board consists of the following: only. The MSc programme is expected to 
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Mr. Robert Bruce-Scott (standing), Regional Director of the International 
Development Research Centre, I1)RC (Canada) opening the Planning Workshor' 
on Financial and Administrative Management of Research ProjecLs in Eastern 
Africa (FAMESA). 

start in 198-1. Th,e sletion )f can didatei; 	was The teaching staff of ARPl'IS will be 
dlone Ihy the Academic Board at its Second (rawn iron ICIPI' research staff, academic 
nmeetill. The selecte'd can(lidates, who are staff from partici)ating Lin iversities, visiting 
repistert, with participating universities academicians from overseas and African 
inclhide: universities. Although the level of funding 

for the programme is low at present, it is 
~r. Getachew Tilkulhet, hoped that ARPPIS will attract many donorAddis Ababa University 	 agencies, cognizant of the necessity for Africa 

to develop a high-level scientific manpower 

base for tackling development-oriented 
Dr.J..P.Nyeko, 
 research. Already a number of such 
Makerere University 	 agencies, including the Australian Develop

wment Agency Bureau (ADAB), IINESCO andMr. O)key of()wuor, 	 the German Academic Exchange Service 
(DAAD) have made commitments to fund 

AR PPIS.
 
Miss Suliman W. lorawi,
 
University of Khartoum 	 Financial and Administrative 

Mr.S. Kyamanywa, 	 Management of Research Projects 
Makerere IJwiversity 	 in Eastern and Southern Africa 

Mr. Ahdllal ij La Li f Ihrahim Jn yet another importan t development, a 
University of Khartoum programme for training in research manage-

Mr. S. II. 0. Okcch, ment was started at CIPE. From January 
University of Dar es Salaam 18th to 22nd, a planning workshop on 

financial and administrative management of 
Mr. B.C. Njau, 	 research projects in Eastern and Southern 
University of Dar es Salaam 	 Africa, attended by key science admini
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Participants in the International Group Training Course listen as )r. A. M. 
Alghali, Postdoctoral Research Fellow at the ICIPE Mbita Point Field Station,
South Nyanza, explains work on resistanee of sorghum lines to stemborers. 

strators and policyrnakers in the subregion, 
was held at the ICIPE. The workshop recogni-
zed the immense gap)between research efforts 
and their delivery systems, especi,dly at the 
national level and therefore resolved to 
formulate a number of activities leading to 
the improvement of the management of 
research institutions. Dubbed F'AM ESA--
Financial and Administrative Mnagement of 
Research Projects in Eastern and Southern 
Africa--the action programnes recommended 
were as follows: 

" to create awareness and understanding 
of the importance of Research and 
Development (It & D) process in 
government policymakers 

" 	 to improve institutional policy 
formulation 

" 	 to improve communication among all 
those involved in the R & D process 

" 	 to sharpen planning and financial 
skills of managers 

" 	 to improve required skills among
research support staff. 

The ICIPE was appointed the executing 
agency and it is expected to implement the 
recommendations and the workplan for the 
programme. The International Development
Research Centre (IDRC) of Canada is expected 
to cooperate fully with the ICIPE in this 
venture as it has from the beginning. Other 
agencies have shown keen interedL and, 
hopefully, will contribute to the programme. 

Training for Practitioners 

The sixth ICh'E/UNEP International 
Group Training Course for Ecologically
Sound Pest and Vector Mwaagement Systems 
was held from July 18th to August 6th, 1982. 
A total of 27 trainees participated from 17
developing countries including Sudan, Ghana, 
Zambia, Zaire, Colombia, Lesotho, Malaysia, 
SierraLeone, Malawi, Israel, Nigeria, Tanzania,
Egypt, Uganda and Kenya. From 1977, when 
the first course was held, the total number 
trained is now 159, representing 34 countries
of Africa, Southeast Asia, Middle-East and 
South America. 

Many new features including lectures
and field trips were introduced into this 
course. The most notable introducticns were 
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IV 

Participants in the International Group Training Course viewing a sticky 
sandfly trap at the ICIPE Outreach Research Station, Kalawa, Machakos 
District - which is a major focus of Kala-azar (leishmaniasis) in Kenya. 

the two field trips - one to Limuru on pest Station, South Nyanza. There participants 
management under agroforestry situations, observed the research ICIPE is undertaking on 
aid the other to the ICIPE Mbita Point Field pest management in rural farming conditions. 

Table I. 	 Training Output (Man-Years) at the ICIPE, 1982 

Type of training 	 Output (Man-Years) 

1. Staff Development Training 

Research Training 2.5
 
Technical Training 8.5
 
Mangement Training 1.75
 
Training in Communication Skills 0.75
 

2. Pest Management Research Training 

Postdoctoral Research Fellowships 10.0 
Postgraduate Training 24.0 
Research Associateship 1.0 

3. 	 Training for Practitioners 

Group Training Course in Pest Management 1.56 

Total 50.06 
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Communications 

The Communications department provides support in areas of editorial services andpublications, photographic and graphic art, organization of seminars, conferences and work
shops as well as visitor service. 

During the year the ICIPE organized and 
hosted two International Study Workshops on 
crop-borers and termite iesearch. A four day 
Crop-borers Research Workshop was held at 
the Mbita Point Field Station from the 
14th to the 18th of June 1982. It attracted 
over 40 prominent scientists from different 
parts of the world. The 38 papers presented 
covered a wide range of topics including pest 
management in the tropics, crop loss assess-
ment, intercropping and pest incidence. The 
workshop reviewed current aid potential pest 
management practices in the tropics. Colla-
boration between the ICIPE and international 
and national research institutions was also on 
the agenda. The venue of the workshop (Mbita 
Point Field Station) afforded the participants
the opportunity to view ICIPE research in the 
field. A tour of the experimental fields and 
farmers' fields gave workshop participants 
the opportunity to acquaint themselves with 
various problems facing area farmers. 

From 7 to 12 November 1982 a ntunber 
of distinguished scientists in the field of 
termite research spent a busy week at the 
Duduville International Guest Centre attend-
ing a Termite Caste Differentiation Workshop. 
Over 25 papers were presented under the 
chairmanship of Dr. J. A. L. Watson of the 
Division of Entomology CSIRO, Canberra, 
Australia. There were wide-ranging discussions 
and presentations under the workshop theme, 
including pathways of caste development in 
principal termite groups, mechanisms of 
caste differentiation and caste differentiation 
in other social arthropods. 

The event was highlighted by the unveil-
ing of a statue erected in honour of professor, 

Martin Luscher, performed by Mrs. Noemi 
Luscher. Professor Martin Luscher was not 
only one of the world's most distinguished 
termite research scientists, but a long term 
friend and supporter of ICIPE. 

The 12th ICIPE Annual Research 
Conference was held in April, where three 
programmes were reviewed in depth. A 
poster review was organized to depict those 
research programmes not scheduled for in
depth review. ICIPE's Governing Board 
conducted an on-site review of research 
work underway at the Mbita Point Field 
Station. 

Visitor Service 

In 1982, the ICIPE received a number of 
distinguished guests including Hon. Alhaji 
Gusau, Nigerian Minister for Agriculture, who 
visited facilities in Nairobi and at Mbita Point 
Field Station. He explained that the purpose 
of his visit was to learn the nature and extent 
of research at ICIPE and to establish how 
his government and the ICIPE might colla
borate in pest management. 

ICIPE was also honoured by visits from 
his Excellency Mr. Paal Bog, Norwegian 
Ambassador to Kenya, Dr. R. K. Cunningham, 
Chief Natural Resources Advisor of the 
Overseas Development Administration (ODA), 
United Kingdom, and Mr. J. R. Goldsack, 
Agricultural Advisor at the British High 
Commission in Nairobi. ICIPE also received 
His Excellency P.I. Jaccaud, the Swiss 
Ambassador to Kenya. 

The University of Ibadan, which for 
many years has collaborated with the ICIPE, 
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sent a delegation in connection with the President of the World Food Council an"i 
proposed Post-Graduate Programme in Insect 
Science (ARPPIS). The delegation included 
Professor B. L. Fetuga, Dean of the Post-
graduate School, Professor G. Babatunde, 
Dean of Agriculture and Forestry and Pro-
fessor Antony Youdeowei, llead of the 
Department of Entomology. 

Among the larger parties ICIPE recieved 
was a delegate of 15 from the World Food 
Council Regional Consultation for Africa. 
This delegation was led by Dr. Oscar Valdez, 
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Minister for Agriculture, Republic of Mexico, 
and accompanied by Professor Eugene Bortei 
Doku, the Minister of Agriculture in Ghana. 
Various groups of delegates visited the ICIPE 
at different times during the meeting of the 
Governing Board of the United Nations 
Environment Programme (UNEP). The 
visitors included the late Professor Carroll 
Wilson, first Chairman of the Board of ICIPE 
who was in Nairobi to receive the Tyler 
Award being presented him during UNEP's 
10th Anniversary. 

Special Tribute to Professor Martin Luischer 

Professor Martin Lilscher was a close friend and staunch supporter of the ICIPE from 
its ineeption. He is remembered for his outstanding leadership and contributions to the support
and advancement of scientific research, not only as Director of Research at the ICIPE but 
throughout his lifetime. Until his death on 10th August 1979, Professor Liischer was Head of 
the Department of Zoophysiology at the University of Bern, Switzerland, where he maintained 
his ties with the ICIPE by training scientists and technicians. 

The statue of the late Professor Liischer pictured here was unveiled on the grounds of 
the ICIPE International Guest Centre at Duduville in Nairobi. 
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Personnel
 
Administration
 

Office of the Director 
Professor T.R. Odhiambo Director 
Mrs. M.U. Arara Personal Assistant/Senior Sectretary
Miss D.T. Adhiambo Senior Administrative Secretary 
Miss M.H. Bugembe Senior Secretary 
Miss M. Wafula Secretary 
Mrs. Mary Antao Secretary
Mrs. MM. Olutatwa Secretary 
Mr. J. Kibor Senior Driver 
Mr. S.K. Langat Driver 
Mr. A.O. Were Messenger
Mr. D. Odhiambo Aoko Messenger 

Office of the Deputy Director 
Dr. Alva A. App Deputy Director 
Dr. V.O. Musewe Research Support Management Traine 
Miss R. Runo Secretary 

Finance Department
 
Mr. R.M.P. Okura 
 Senior Accountant
 
Mr. G.W. Kanza Expenditure Accountant
 
Mr. A.A. Oguda Assistant Accountant
 
Mr. N. Kiongo Assistant Accountant
 
Mr. M.A. Kawaka Assistant Accountant
 
Mrs. L. Kimani Accounts Assistant
 
Mrs. L. A. Nyamora Accounts Assistant
 
Mr. A. Ogutu Accounts Assistant
 
Mr. C.I. Rapasi Supplies Officer 
Mr. C.M. Oloo Supplies Assistant 
Mrs. R.M. Opande Senior Secretary 
Miss F. Ojode Secretary 
Mr. F. Otieno Messenger 

Personnel and Office Management 
Mr. H.G. Awich Acting Administrative Manager 
Mr. J.E. Okiri Senior Administrative Officer 
Mr. S.M. Kimaira Senior Administrative Officer 
Mrs. A. Okumali Senior Secretary
Mrs. P. Owitti Secretary 
Mrs. T. Lohay Secretary
Mrs. G. Wasike Secretary 
Miss R. Vugaba Secretary 
Mrs. E.A. Opere Secretary 
Mrs. G. Weya Senior Telephonist/Receptionist
Mr. R. Nyaridi Senior Messenger/Machine Operator 
Mr. C. Otieno Senior Messenger 
Mr. L. Kisutia Cleaner 

Planning and Development 
Mrs. R.A. Odingo Senior Planning Officer 
Mr. W.O. Ogallo Planning Officer 
Mr. V.S. Mutisya Internal Auditor 
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Scientific and Technical Staff 

Livestock Ticks Research Programme 

Dr. M.P. Cunningham 

Dr. R.M. Newson 

Dr. F.D. Obenchain 

Dr. C.K.A. Mango 

Mr. D. Punyua 

Dr. G.M. Binta 

Mr. A. Mongi 

Mr. A. Chiera 

Mr. R. Ojowa 

Mr. G.T. Thuo 

Mr. J. Mugane 

Mr. G.M. Hindi 

Mr. K.C. Wainaina 

Mr. J.N. Ndungu 

Mr. M.C. Ngumah 


Tsetse Research Programme 

Dr. A. Chalier 
Dr. L.H. Otieno 
Dr. M.F.B. Chaudhury 
Dr. M.B.A. Nyindo 
Dr. F. Snow 
Dr. D.A. Turner 
Dr. T.K. Golder 
Dr. M.S. Ramasamy 
Dr. R.D. Dransfield 
Dr. B.M. Okot-Kotber 
Mrs. M. Owaga 
Mr. T.S. Dhadialla 
Mr. I.E. Onweluzo 
Mr. J. Kawooya 
Miss N.F. Darji 
Miss J.A. Kongoro 
Mr. P.O. Agutu 
Mr. E. Mpanga 
Mr. J. Apale 
Miss R. Chesang 
Mr. D. Uvyu 
Mr. R. Mutuaruhiu 
Mr. J. Likhanga 
Mr. F. Mukunza 
Mr. D.K. Mungai 
Mr. J.M. Muchiri 
Mr. J.A. M ikau 
Mr. J.K. Kiilu 
Mr. P.O. Amoke 
Mr. P. Muteria 

Crop Borers Research Programme 

Dr. R.S. Pathak 
Dr. R.C. Saxena 

Programme Leader 
Senior Research Scientist 
Research Scientist 
Research Scientist 
Scieatific Officer 
Associate Scientific Officer 
Postgraduate Trainee 
Research Assistant 
Junior Technician 
Technical Assistant 
Technical Assistant 
Subordinate Assistant 
Subordinate Assistant 
Subordinate Assistant 
Junior Technician 

Programme Leader 
Senior Research Scientist 
Senior Research Scientist 
Senior Research Scientist 
Senior Research Scientist 
Senior Research Scientist 
Research Scientist 
Research Scientist 
Research Scientist 
Research Scientist 
Scientific Officer 
Scientific Officer 
Graduate Research Scholar 
Postgraduate Trainee 
Research Assistant 
Research Assistant 
Senior Technician 
Technician 
Technician 
Junior Technician 
Junior Technician 
Junior Technician 
Junior Technician 
Junior Technician 
Technical Assistant/Driver 
Technical Assistant/Driver 
Technical Assistant 
Technical Assistant 
Technical Assistant 
Technical Assistant 

Acting Programme Leader
 
Senior Research Scientist
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Dr. K.V. Reddy 

Dr. G.C. lUnnithan 

Dr. A.G.K. Delobel 

Dr. B. Ainoako-Atta 

Dr. Dang Thanh Ilo 

Dr. J.B. Suh 

Dr. Mary Sampson 

Mr. 1.t3. Okeyo-Owuor 

Mr. ,.C. Olela 

Mr. K.E. Kid ega 

Mr. C.O. Jakomito-Simbi) 

Mr. I.Luh!ga 

Mr. D.B. Math(nge 

Mr.P.O. Olliino 

lr. S.NM. Oth ieno 


Mr. Philomen 0. Agwaro 

Mr. P.0. Odinga 

Mr. S.O. Paye 

Mr. G.O. Amala 

Mr. J.G. Kihuka 

Mr. M.O. Arwa 

Mr. P.W. Agina 


Research Programme on Bases 

Dr. Z.T. Dabrowski 
Dr. R.S. Ochieng' 
Dr. K.O. Ampofo 
Dr. C. MfacFoy 
Dr. A.M. Alghali 
Mr. S.H Okech 
Mr. E.G. Masina 
Dr. E.O. Omolo 
Mr. E.O. Nyangiri 
Mr. F.O. Onyango 
Mr. E.O. Arigi 
Mr. E.L.Kidiavai 
Mr. P.E.W. Njoroge 
Mr. M.D.O. Bungu 
Miss. A. Ragot 

Senior Research Scientist 
Research Scientist 
l{esearth Scientist 
Research Associate 
lostdoct)ral Research Fellow 
Postdoctoral Research Fellow 
Postdoctoral Research Fellow 
Associate Scientific Officer 
Principal Technician 
Senior Technician 
'2echnician 
Technician 
Technician 
Techinician 
Technician 
Junior Technician 
Junior Technician 
Junior Technician 
Technical Assistant 
Teennical Assistant 
Technical Assistant 
Technical Assistara 

of Plant Resistance to Insect Attack 

Prograrnrne Leader 
Research Scientist 
Research Scientist 
Postdoctoral Research Fellow 
Postdoctoral Research Fellow 
Associate Scientific Officer 
Graduate Research Schola" 
Agronomist 
Senior Technician 
Technician 
Technician 
Junior Technician 
Junior Technician 
Junior Technician 
Technical Assistant 

Medical Vectors Research Programme 
Dr. R. Subra Prograhmme Leader
 
Dr. A.W.R. McCrac 
 Senior Research Scientist
 
Dr. M.J.Mutinga 
 Senior Research Scientist 
Dr. F.W. Mosha Research Scientist 
Dr. J.B. Kaddu Research Scientist 
Dr. J.G. Olobo Scientific Officer 
Mr. C.M. Mutero Postgraduate Trainee 
Mrs. Lucy M. Rogo Graduate Research Scholar
Miss. D. Sabwa Graduate Research Scholar 
Miss. Lucy Irungu Graduate Research Scholar 
Miss. S.A. Tarimo Graduate Research Scholar 
Mr. B.N. Odero Chief Technician 
Mr. M.P. Nyamori Senior Technician 
Mr. S. Muti Junior Technician 
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Mr. R.C. Odhiambo 
Mr. P. Arnuttala 
Mr. E. Mkuzi 
Mr. J. Mwandandu 
Mr. D.M. Omogo 
Mr. F.M. Kyai 

Junior Technician 
Technical Assistant/Driver 
Technical Assistant 
Technical Assistant 
Technical Assistant 
Technical Assistant 

Insect Pathology and Pest Management Research Programme 

Dr. G.W. Oloo 

Dr. G.P. Kaaya 

Dr. W.A. Otieno 

Dr. Maurice Odindo 

Mr. G.N.Hl. Nyamasyo 

Mr. J. Kilori 

Mr. P. Mwamisi 

Miss. G.M. Wanjiru 


Chemistry and Bioassay Research Unit 

Dr. I).L. Whitehead 
Dr. A. Hassanali 
Dr. D.A. Otieno 
Dr. P.G. McDowell 
Dr. H. 0sore 
Mrs. M.A. Okech 
Mrs. R.M.W. Vundla 
Mr. 1.1. Jondiko 
Mr. W. Lwande 
Mr. L.S. Thomas 
Mr. E.O. Osir 
Mr. A. Chapya 
Mr. E.N. Ole Sitayo 
Mr. E. Nyandat 
Mr. G. Achieng' 
Mr. L. Moreka 

Sensory Physiology Research Unit 

Dr. C.J. Den Otter 
Dr. S.M. Waladde 
Mr. R.K. Saini 
Mr. H. Kahoro 
Mr. P. Ahuya 

Histology and Fine Structure Research 

Dr. E.D. Kokwaro 
Dr. L.R.S. Awiti 
Mr. M.M.B. Chimtawi 
Mr. P. Lisamulla 
Mrs. J.K. Muriithi 
Mr. N.T. Ogoma 

Technical and Support Services 

Insect and Animal Breeding Services 
Mr. A.J. Leaney 
Mr. J. Wanyonje 

Senior Research Scientist 
Research Scientist 
Research Scientist 
Research Scientist 
Graduate Research Scholar 
Technician 
Junior Technician 
Technical Assistant 

Senior Research Scientist 
Senior Research Scientist 
Research Scientist 
Research Scientist 
Research Scientist 
Scientific Officer 
Scientific Officer 
Graduate Research Scholar 
Graduate Research Scholar 
Graduate Research Scholar 
Graduate Research Scholar 
Chief Technician 
Senior Technician 
Junior Technician 
Technical Assistant 
Technical Assistant 

Head of Unit
 
Research Scientist
 
Scientific Officer
 
Senior Technician
 
Technical Assistant
 

Unit 

Head of Unit 
Postdoctoral Research Fellow 
Chief Technician 
Principal Technician 
Senior Technician 
Junior Technician 

Controller for Insectary Services 
Principal'Technician 
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Mr. H. Banda 

Mr. J. Kagoiya 

Mr. J. Ongudha 

Mr. J. Ikhunyalo 

Mr. E.O. Awuoche 

Mr. G.B. Birir 

Mrs. R. Kariuki 

Mr. J.K. Gitegi 

Mr. S.M. Mbugua 

Mr. B.O.S. Ogal 

Mr. R. Okllo 

Mr. G.M. Ng'ang'a 


Communication and Training 

Mr. J.M. Ojal 

Dr. L.O. Abe 

Miss R. Washika 

Mrs. W.A. Oyuko 

Mrs. R.P. Ortega 

Miss Joy Mukanyange 

Mr. F. Odoi 

Mr. W.E. Umbima 

Mr. A. Shisoka 

Miss E.N. Kahuhu 

Miss B. Nanga 

Mrs. R. Okoth 

Miss H. Githinji 

Mr. F. Shikhubari 


Editorial Services 

Mrs. S.W. Mwanycky 

Biostatistics and Computer Services 
Mrs. W.N.K. Ssebunya 

Workshop and Laboratory Management 
Mr. A. Mando 
Mr. J.N. Musisi 
Mr. E.M. Suchcicki 

Mr. A. Bhaloo 

Mr. H.N. Rai 

Mr. J.O. Oduol 

Mr. P. Nyachieo 

Mr. T.J. Okumu 

Mr. A.D. Sheikh 

Mr. J.M. Maina 

Mr. J.N. Mtei 

Mr. H. Gichinga 

Mr. S.O. Obiero 

M. B. Omulo 

Mr. E.O. Hamala 

Mr. P. Oluya 

Mr. E.N. Nyoike 


*Mr. J.O. Onyango 
Mr. K. Kibe 
Mr. J. Ornondi 

Technician
 
Technican
 
Junior Technician
 
Junior Technician
 
Junior Technician
 
Junior Technician
 
Technical Assistant
 
Technical Assistant
 
Technical Assistant
 
Technical Assistant
 
Technical Assistant
 
Technical Assistant
 

Manager for Communication Systems 
Principal Training Officer 
Senior Communication and Information Officer 
Scientific Illustrator
 
Documentalist
 
Communication Officer (Editor)
 
Scientific Illustrator
 
Chief Librarian
 
Clerical Librarian
 
Li rary Assistant
 
Bitingual Secretary
 
Secretary
 
Typesetter
 
Technical Assistant
 

Associate Editor 

Senior Systems Analyst 

Principal Controller for Technical Services
 
Maintenance Engineer
 
Electronics and Instrumentation Engineer
 
Asst. Electronics Engineer
 
Refrigeration Technologist
 
Senior Mechanic
 
Senior Technician
 
Senior Mechanic
 
Automobile Foreman
 
Technician
 
Technician
 
Technician
 
Technician
 
Junior Technician
 
Mechanic/Driver
 
Junior Technician/Glass Blower
 
Junior Technician/Glass Blower
 
Plumber/Mason
 
Technical Assistant
 
Technical Assistant
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Transport Unit 

Mr. B. Oyondi 
Mr. J.K. Maina 
Mr. R.B. Gathu 
Mr. P. Mahogo 
Miss. E.N. Mwangi 
Mr. J.M. Kinyanjui 
Mr. A.M. Mugone 
Mr. A.A. Olwoko 
Mr. M.O. Genga 
Mr. S.N. Achochi 
Mr. P.O. Owuor 
Mr. S.N. Rukungu 
Mr. M.M. Zablon 
Mr. J.B. Kariuki 
Mr. L.O. Odongo 

Janitorial and Security Services 

Mr. P.M. Arrum 
Mr. J. Atiche 
Mr. S. Akhaya 
Mr. W. Achiroma 
Mr. A.M. Ouma 

Mr. J.A. Onyango 
Mr. Z.O. Nyandere 
Mr. D.O. Singa 
Mr. A.O. Ogaja 
Mr. J.K. Opere 
Mr. M.M. Ogolla 
Mr. A.N. Makori 
Mr. J.D. Nyawa!o 
Mr. R.K. Milgo 
Mr. Muyanda" 
Mr. E. Asami 
Mr. L.L. Ayekha 
Mr. J. Elegwa 
Mr. A.M. Bubusi 
Mr. D. Chege 

Driver
 
Technical AssistantlDriver
 
Technical Assistant/Driver
 
Senior Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 
Driver 

Head of Transport Janitorial/Security Services 
Security Officer 
Assistant Janitor 
Watchman 
Watchman 

Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Watchman 
Cleaner 
Gardening Assistant 
Gardening Assistant 
Cleaner 
Cleaner 

Research Stations and Other Facilities 

Mbita Point Research Station 

Mr. J.F. Omange 
Mr. B.S.K. Masyanga 
Mr. F.K. Ongola 
Mr. B.K. Mwangi 
Mrs. M.N. Okach 
Miss. E. Afandi 
Mr. H. Purcell 
Mr. G.N. Harshe 
Mr. R.C. Joshi 
Mr. E. Ndegwa 
Mr. P.O. Ngugi 
Mr. E. Sonye 

Senior Administrative Officer 
Farm Controller 
Assistant Accountant 
Assistant Accountant 
Assistant Secretary 
Assistant Secretary 
Project Manager 
Site Engineer II 
Site Engineer I 
Librarian 
Senior Accounts Clerk 
Watchman 
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Mr. S.O. Aol Watchman
 
Mr. D. Oyoto 
 Watchman
 
Mr. J.0. Ohato 
 Mechanic/Driver
 
Mr. P. Mbuya 
 Driver
 
Mr. B. Mogendi 
 Watchman
 
Mr. J.N. Asanyo 
 Mechanic/Driver
 
Mr. P.O. Ouma 
 Farm Assistant
 
Mr. N.M. Sangura 
 Farm Assistant
 
Mr. P.O. Auta 
 Farm Assistant
 
Mr. J. Sagini 
 Farm Assistant
 
Mr. 0.0. Okello 
 Gardener 

Mbira Point International School 

Mrs. P.A. Ogada Principai

Mr. F.O. Omolo 
 Teacher
 
Mr. Makachola 
 Teacher
 
Mrs. C.O. Ndiege 
 Teacher
 
Mr. F.N. Busiku 
 Teacher
 
Mr. J.G. Mugambe 
 Teacher
 
Mrs. S.A. Omune 
 Cleaner 

Mbita Point Clinic
 

Dr. J.B. Odhiam ho 
 Doctor-in -Charge

Mr. C. Munafu 
 Laboratory Technologist

Mr. E.O. Kirowo 
 Pharmaceutical Technologist
 
Miss Z.N. Macharia 
 Staff Nurse
 
Mrs. L.A. Abuya 
 Janitorial Assistant 

Kajiado Field Station
 
Mr. J.M. Ole Kobaai 
 Watchman 

Coastal Field Station - Mombasa 

Mr. M.M. Moinde Senior Administrative Officer
 
Mrs. C. Rarieya 
 Assistant Secretary

Mr. S.M: Kibati 
 Security Assistant
 
Mr. B.M. Mbuthia 
 Mechanic
 
Mr. S. Abdalla 
 Watchman 

Duduville International Guest Centre 
Mr. J.A. Achilla Business and Catering Controller 
Miss S.M. Kagondu Secretaiy

Mrs. E. Kwach 
 Telephonist/R eceptionist 
Mr. J.E. Mwangi Head Cook 
Mr. A.I. Ok.pesi Assistant Head Cook 
Mr. A. Lweya Cook 
Mr. P.H. Opondo Kitchen Assistant 
Mr. G. Gichuru Kitchen Assistant 
Mrs. J.A. Musiga Housekeeper
Mr. A.M. Mutwoli Room Steward 
Mr. C.B. Oyieyo Room Steward 
Mr. A.E. Mulae Room Steward 
Mr. B.O. Randiga Assistant Launder 
Mr. H.M. Kibisu Assistant Launder 
Mrs. P.A. Osoro Room Steward 
Mr. J.O. Mulhobi Janitorial Assistant 
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