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RELEVANT RESEARCH
1974 can be regarded as the year In which the
ICIPE Research Centre reached Its critical mass,
after two years of steadily building up the scientific,
technical, and other supporting staff. It can also
be regarded as the year In which the ICIPE began
to make a real Impact on the major objective
we se.t ourselves - to Identify vltaf gaps in our
knowledge and make new discoveries that might
lead eventually to novel, ecologically acceptable
methods of Insect pest control. In at least three
areas of our major research programmes - on
ticks, tset-se, and termites - we have pushed back
the boundaries of our Ignorance to a considerable
extent. It is our Intent to pursue these avenues
of research, and to open other avenues in other
research programmes, In the coming year.
A significant development In the year under
review Is the decision to mount a new programme
on the Sorghum Shootfly. The decision to . do so
was taken by the Governing Board In April 1974,
as a result of the strong recommendations of the
Policy Advisory Committee. The decision is a
slgnifkant one In three main respects: firstly, this
is the flrst new programme to be adopted since
the operational establishment of the Centre three
years ago; secondly, the Impetus for the decision

came from a sister organization, the International
Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), based In Hyderabad, India, and not from
within the ICIPE Itself; and, finally, this particular
target Insect pest Is of much more economic slgnl~
flcance In India and other countries than In Africa
Itself (although It Is Important here also). This
new commitment has therefore demonstrated the
Internationality of the ICIPE and its read iness to
carry out periodic reviews of Its programmes.
The International Committee took the Initiative
to have the research and training programmes
of the ICIPE reviewed by an Independent lnterna~
tlonal review panel. The panel started Its work
In October 1974; and its final report, containing
Its recommendations, will be considered In June
1975. This review Is the first of such critical reviews
the ICIPE intends to Invite from time to time.
This Initial event Is therefore being awaited with
great anticipation, and It Is likely to signal the
beginning of the maturation process of the ICIPE
Research Centre.

Thomas R. Odhiambo
ICIPE Research Centre,
Nairobi,
17th April 1975.
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CENTRAL ADMINISTRATION
(c) African Committee: The African Committee
held Its 5th Meeting at lbadan, Nigeria
on 28th April 1974. The Second ICIPE
Scientific Meeti ng organised jointly by the
African Committee and the Agricultural
Research Council of Nigeria (A.R.C.N.) was
held at the A.R.C.N. Headquarters (Moore
Plantation) from 25th to 29th April and was
officially opened by the Honourable Commissioner for Agriculture and Natural Resources
(Western State) on the 26th April 1974.

The period between September I973 and
September 1974 has been packed with activities.
The ICIPE acquired the services of Mr. J. H. Jivanjee
who was appointed Financial Manager In December
1973. The Deputy Director, Science, Dr. J. Strangways-Dixon was appointed In September 1974.
During the same period the building contractors
moved onto the site at Chiromo to start work on
"The Northern Star" Building. Due to world-wide
shortage of steel the work was delayed and the
estimated date of completion, that Is May 1974
was not achieved. Nevertheless the rented accommodation in Siaya (formerly Surrey) Road was
vacated at the end of May, and the ICIPE Staff
moved back to Chiromo. The Administration
moved Into block one of the new building and for
the first time In two years the Administration and
the Scientific Staff were reunited at the ICIPE
Headquarters. The builders continued to work
around the staff - painting, chipping and flxing
things.
The Government of Kenya granted four hectares
out of forest land at Langata to the ICIPE and
negotiations for land at Kajiado for the establishment of a field station resulted In a ten acre plot
being included (for ICIPE) In the Kajiado development plan. Accommodation for a scientist working
on the Sorghum Shootfly was arranged with the
Cotton Research and Sugar Cane Research Officers
at Kl bos, near Lake VIctoria.
A number of Important meetings took place:

(d) The International Committee: The International
Committee held its 4th meeting on 7th
and 8th September 1973 at the Royal Dan ish
Academy of Letters and Science, Copenhagen
and the 5th meeting on 5th and 6th September 1974 In Munich.
(e) The Long-Range Finance Committee: The LongRange Finance Committee held Its 1st
meeting in Nairobi on 18th April 1974
and its 2nd meeting in VIenna on 30th August
1974.

(n

Resident Science Councll : ThIs Cou nell continued to meet monthly and throughout the
period of reporting twelve meetings were
held.

(g) Miscellaneous: During the period 7 Research
Scientists, 3 Experimental Officers joined the
ICIPE while 6 Scientists left after the completion of their assignments. The ICIPE said
farewell to Mrs. L. de Graft after a distinguished service of nearly five years. The
Clerk of Works, Mr. Berry and the Communications Officer Mrs. Nancy Donovan also
left. At least three hundred persons visited
the Centre.
The period may well be described as being
one of growth and consolidation. The spirit
of togetherness continued to characterise
the lclpeism.

(a) Governing Board Meetings: The Governing
Board held Its 20th (Special) Meeting on
I5th January 1974 at the Centre ancf the
21st Meeting was held in Nairobi on 21st
April 1974. The 22nd Meeting was held on
6th and 7th September 1974 In Munich.
(b) Polley Advisory Committee: The Polley Advisory
Committee held its second meeting at
Mombasa where the Mosquito Biology Programme was closely scrutinised, from 19th
to 20th April 1974.
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AFRICAN COM'MITTEE OF I.C.I.P.E.
(ii) Studies on the ecology and behaviour
of the armyworm and stemborers in Central
and Western Africa, and
(Ill) Studies on the ecology of termites in other
types of agro-ecosystems In the derived
savanna and true savanna areas of the
continent.

The African Committee of I.C.I.P.E. in reviewing
Its role in the context of the overall obje«lves of
the I.C.I.P.E., noted that the principal objectives of
the I.C.I.P.E. In the field of research and education
are as follows:

(1) To promote and carry out high quality
and advanced research In various fields
of Insect science,
(II) To provide advanced training In research,
(Iii) To provide an International forum for the
discussion and exchange of knowledge In
insect science, and
(iv) To foster and promote the growth of the
scientific community in tropical Africa.

African Directors of Research could also concentrate on areas of applied entomology research and
in such cases provide a vital link between the
development of species-specific, non-toxic and
non-persistent methods of pest management from
physiological and behavioural research and the
feasibility and application studies In the various
ecological zones of the continent. Th e laboratories
and field facilities of such Directors could become
the nucleus of sub-centres where meaningful
training and research for young African scientists
could also take place, and from where qualified
research workers could be nominated for periods
of service at I.C.I.P.E. In all, It would seem desirable
that continuity In research be maintained In
preference to piece-meal contributions to continental problems.
The Committee was of the opinion that It
should provide the main vehicle for the growth
and development of a scientific community In
Africa. It proposes to achieve this by forging closer
links between young associations, academies or
bodies In different regions of Africa and by organising review meetings, symposia and workshops
that would focus attention on continental o r
regional problems in insect science and recommend
a framewo rk for collaborative effort in solving
such problems through the application of science
and technology.
.
.
The Committee Is of the opinion that effective
working links should be established with existing
institutions In different parts of Africa, Such
links would stimulate the interest of young African
scientists In the programmes of l.C.I.P.E. and
facilitate collaborative effort In research. I.C.I.P.E.
should take the Initiative in this regard. African
Scientific Organisations, even those not yet organised as academies, should also become associated
with I.C.I.P.E. and function by stimulating African
scientific Interest In the Centre and by promoting
national and International cooperation with regard
to the programmes and Finances of the Centre.

The African Committee, In considering its role
In the execution of these broad objectives appears
to wish to concentrate on the activities that would
ensure the relevance of the philosophy and objectives of I.C.I.P.E. to African problems. It was considered that while I.C.I.P.E. would remain an Internationally
reputable multidisciplinary research
centre where scientists from different parts of
the world could interact in the search for knowledge, In the long run its future development
and significance of its contribution must be firmly
rooted In Africa. The Committee feels that a good
beginning has been made In the selection of target
Insect species which are of continental and considerable economic significance In human health and
welfare. But considerable emphasis must be given
to the contemporaneous development of the
expertise that would provide continuity in Africa
and relate programmes to Africa in a proper
ecological context. The Committee considered
that one of the ways in which this can be achieved
Is by the designation or appointment of African
Directors of Research and the establishment of
outreach programmes In different parts of the
continent.
It is obvious that such African Directors of
Research would not have funds of their own to
organise and execute research r.rogrammes. It is,
therefore, Important that I.C . . P.E. should seek
funds to support such research which tnay not
necessarily be based In Nairobi but which would
have relevance to the understanding of the ecology
ofthe target species in other parts ofthe continent.
Programmes which appear amenable to such
arrangements Include:

T. Ajlbola Taylor,
Chairman, African Committee.

(I) Studies on the ecology of tsetseflles In the
Senegal, Niger and Benue valleys and In the
savanna of West Africa,
·

28th November, 1974.
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TRAINING
During the period of reporting a certain amount
of training work was undertaken, both locally
and overseas. A number of Technicians, and Experimental Officers were awarded training fellowships to enable them to acquire skills In laboratories
abroad. A number of Technicians and Junior Technicians enrolled with the Kenya Polytechnic
In Nairobi.
There was collaboration with a number of
Directors of Research who offered training facilities

for ICIPE staff In their own laboratories for periods
varylnrfrom one month to one year.
The Centre also received and trained a Technician from Zambia and a scientist from lbadan
in tsetse rearing techniques. The University of
Nairobi accepted and registered one of the ICIPE
staff for a Ph.D. course.
It Is expected that the training programme
will be Intensified and that the ICIPE will play a
much bigger role In the next few years.
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AFRICAN ARMYWORM RESEARCH
Spodoptera exempta
Director of Research :
Professor J. W. S. Pringle (1970)

2. Only plants of the families Gramlnaceae
and Cyperaceae are acceptable as food for
the larval stages. The neonate larvae
escape from unsuitable substrates by hanging
from a silken thread which, after breaking
gives them a certain buoyancy In air;
in the typical range-land habitats of the
armyworm, larvae have a good chance
of landing on wild grasses that form their
natural food.
3. The later (fifth and sixth lnstar) larvae
have a certain mobility and may Invade
plots of maize and other cereal crops.
Contact chemoreception plays a major
role in food selection.
4. Chemosensitive receptor organs (of known
external structure) · are present on the
mouth-parts with some of the receptors
showing preferential sensitivity to stimulation by sucrose and others possessing
a high sensitivity to meso-Inositol. Feeding
tests using artificial diets show a positive
correlation between sugar receptor specificity and Ingestion of these sugars, but
the behavioural role of the inositol receptor
has not been clarified.
5. The effect of environmental temperature
on the development rate of the egg, larva
and pupa has been measured accurately
and simple morphological criteria developed
for determining the age of larvae.
6. In the laboratory stock, release of pheromone by the adult female and response
of the male start only after 2- 3 days.
Reproductive behaviour is maximal between
midnight and 3.30 a.m. and almost zero In
the daytime. The behavioural response
of the male has been quantified to the
point where it can be used as a bioassay
for chemical studies of the nature of the
pheromone.
7. At outbreaks in the fleld, adult emergence
takes place between sunset (6.45 p.m.)
and midnight, with a peak about 9.0 p.m.
No moths are caught by pheromone traps
In the emergence area.
8. The insects (larvae and adults) at outbreaks
are not always homogeneous in age. This,
taken with the Irregularity of flight behaviour, suggests that adult migration Is not
the only source of outbreaks. There Is local
evidence for resident populations.
9. Both sexes of the adult moth are capable
of flying for a sufficient t ime to account
for the migratory range indicated by
earlier evidence from the light-trap network.
10. Flight stops at temperatures below II.3°C
and does not start below 13.8°C.
II . Respiration and wet and dry weights have
been measured In eggs, larvae, pupae
and adults.

Scientists:
Dr. D. J. Aldley (1973-1974)
Dr. S. Khaslmuddin (1973)
Collaborators:
Dr. Wei-Chun Ma (1972)
Electrophysiology
Dr. A. Maradufu ( 1974)
Chemistry
Dr. S. Takahashi (1973-1974)
Chemistry
Miss M. L. Sequeira (1970)
Fine Structure

Abstract
The African armyworm, Spodoptera exempta.
has long been known as a major pest of graminaceous crops and pasture grasses in Eastern
Africa, ranging from South Africa to Northern
Ethiopia and even, In some years, Into the Yemen.
It has also been recorded from other parts of
Africa, from Europe and across Asia and Pacific
to Hawaii. Its widespread geographical distribution,
its sporadlclty of occurrence In space and time
but with a distinct south to north trend following
the tropical rain fronts, Its existence in two forms,
gregarious and solitary, all led to early theories
of migration. However, the occurrence of small
numbers of adults In light traps throughout the
year in many parts of Its range supported the
alternative hypothesis of outbreaks arising from
resident ~opulatlons of the solitary form when
favourable environmental conditions prevailed.
The operation by the East African Agriculture
and Forestry Research Organization (EAAFRO)
of a network of light traps throughout Eastern
Africa, coordinated by Mr. Eric Brown from 1960
onwards, with results analysed in conjunction
with meteorological data by Rainey and Betts,
virtually confirm the migration theory, althoug.h
the rol& of resident populations still needs elucidation.
Research on this species at ICIPE started in 1973
with the dual objective of obtaining furth er Information which would assist and Improve the accuracy of the warning service operated by (EA
. AFRO)
at Muguga and of elucidating In more detail the
behaviou r of the Insects with particular reference
to feed ing, growth, flight capacity and reproduction,
In order to Identify features of Its life history
which might be susceptible to forms of control
other than chemical spraying. This work has
achieved the following preliminary results:
I. The female moth Is non-selective with
regard to the species of plant on which
she ovlposlts.
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12. The duration of life of adult moths Is doubled
if they have access to water and Increased
by a fu rther 50% If they can drink sugar
solutions. Fecund ity Is not Increased by
feeding, but the peak of egg-laying Is
delayed, making possible a longer period
of flight.

PHYSIOLOGY

Fllght Capability
Study of tempo ral changes In the distribution
of Spodoptera exempta In East Africa has led to the
conclusion that the moth undertakes migratory
flight over a considerable distance. The question
arises as to whether the moth Is physiologically
capable of the prolonged flight that would be
necessary for such migration.
Moths were flown on a flight mill consisting of a
counter-balanced steel strip, radius 20 em, with
a glass pivot. They were suspended from the arm
by a piece of aluminium foil attached to the dorsal
thoracic cuticle with Evostlck Impact adhesive.
Revolutions of the arm were counted using a light
beam and a photo-electric cell; flight times were
measured with a stopwatch.
Of the first IS moths Investigated, six flew for
more than two hours. Details of their Individual
flights are given below (Table 1).

stopped and then re-heated until It started again.
Flight StOpred at an average temperature of II .3°C
(S.D.± 1.8° and started at an average of 13.8°
(S.D.±3.4° .
Flight speeds were low at temperatures just
above threshold, Increasing up to about 20°C,
and more or less Independent of temperature
above this level.
These results are relevant to the migratory
flight performance of moths In airstreams of
different temperatures.

Respiration during the life cycle
Oxygen consumption and (In some cases)
carbon dioxide output have been measured using
Warburg manometry. Some results are given
In table 2.
Table 1.
Stage

Egg
Larva V
VI
VI (propupa)
Early pupa
Late pupa
Adult at rest

02 uptake (IJI/g. hr) at 2S"C

RQ

178-707

0.86

71-4

702
518
131

701
121-4

3.02
0.82
1.1-4

Table I.

Sex
F
M
F
F
M
M
Means

Age (days)

Duration (hr)

Distance (Km)

2

5. 1
19.2
19. 3
5.7
11.0
24.7

13 .0
-49.4
67.8
16.3
39.4
116.3

14.2

50 .4

s
2

3
2
2

Results such as these are to be combined with
measurements of food consumption and growth
to provide an energy budget for the life cycle.
The pupal stage lasts 10 days at 25°C. During this
time the mean total 02 consumption Is 11.4 mi.,
this would correspond to a fat consumption of
5.6. mg., I.e. 12% of the initial dry weight.
When the larva is feeding, oxygen consumption
is approximately doubled. The extra oxygen
consumed is of the order of 7 f.ll per mg (fresh
weight) of leaf eaten.

Under natural conditions the fl ight speed will
be higher since the moth will not have to overcome
the drag of the mill. Assuming that power output
on the mill Is equal to that In free flight, it is calculated that the average equivalent free flight speed
Is 4.8 kmfhr.
These results show that some armyworm moths
of both sexes are physiologically capable of flying
continuously throughout the night. During a tenhou r flight at 5 kmfhr a moth would travel SO km
In sti ll air•.In an 8 kmfhr wind, a moth flying at
random with frequent changes In direction would
travel80 km In ten hours. If the flight were oriented
downwind the distance would be 130 km.
The East African Agriculture and Forestry
Research Organization produces weekly forecasts
of the probability of larval armyworm outbreaks
In East Africa. The results described here should
assist In the preparation of these forecasts.

Weight changes during the life cycle
The new-laid egg usually weighs about 80 j.lg
and Its dry weight is 21% of this. During embryonic
development the weight falls by about 15%.
A few hours after hatching the first lnstar larva
begins to feed. This leads to an Increase In water
content, such that the dry weight of the larval
stages Is 12- 16% of the fresh weight. Th~ stage VI
larva weighs about half a gram at Its maximum,
at which time It ceases to feed. Du ring the next
four days a large quantity of water is secreted
whereas there is very little fall In dry weight, The
pupal fresh weight is usually In the range I 00 to
200 mg and the dry weight Is 30 to 35% of this.
The adult moth voids about 20 mg of meconium
from the gut soon after emergence, and a further
12 mg are lost during the first day of adult life; the
dry weight Is then about 40% of the fresh weight.
Weight loss usually continues at a mean rate of
I to 5 mg/day, except that a few moths gain weight
when fed on sugar solutions. A female moth
produces 300 to 1000 eggs during her life, weighing
24 to 80 mg In all.

Effect of temperature on flight
Moths on the flight mill were placed In a "Hotpack'• refrigerated Incubator cooled until flight
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Drinking, longevity and fecundity In the adult
moth
The adult moth possesses a functional proboscis and will drink water or sugar solutions.
A few occasions of drinking nectar or honeydew
In the field have been reported. Clearly It would
be desirable to have some Information on the
Importance of drinking In the life of the moth.
Moths were kept In 100-ml plastic tubes and
weighed daily. Two series of experiments were
performed. In the first series, small foil trays with
wetted cotton wool were always present In the
tubes. In the second series, the moths were only
allowed to drink once per day and were weighed
before and after each drinking session. Half of the
moths were allowed to drink water, and half sucrose
solution (20% in the first series, 10% In the second).
Moths · which were not supplied with water
died within 4 to 6 days of emergence.
The mean lengths of adult life for moths fed
on water were I 0 days for males and 9 days for
females. Access to sugar increased the mean
length of life to 16 days for males and 13 days for
females. The maximum life on water diet was
13 days. Variability in life span was much greater
for sugar-fed moths, maxima being 22 days for
a female and 30 days for a male.
Fecundity was not affected by diet: water-fed
moths produced just as many eggs as sugar-fed
ones. However the timing of egg production was
somewhat delayed In sugar-fed females. Of all
the eggs laid In each class, three-quarters of them
were laid by day 6 for water-fed females, whereas
it was not until day 12 that this figure was passed
for sugar-fed moths.
The amounts taken at each drink were very
variable, but the overall mean value for sugar
(19.8 mg) was nearly double that for water (10.4 mg).
There Is some suggestion in the data that males
may drink more than females. The largest drink
observed was by a four-day old male moth which
drank 75.7 mg of 10% sugar solution at one session,
thereby more than doubling Its weight.

land, may Invade plots of maize and other cereal
crops. During locomotory activity In the field
the larvae are commonly observed probing on
forbs and weeds that they encounter. The evidence
Indicates therefore that olfaction or visual stimuli
play no significant part in orientation to food.
Yet it should be borne In mind that these sensory
modalities might well be Involved together with
taste during actual feeding. Taste perception and
olfaction are probably of crucial slgnlflcance in
determining the strictly graminivorous behaviour
of the armyworm and it Is for this reason that
one of the objectives of the armyworm project
is to understand the sensory physiological basis
of chemo-perception In the armyworm larva.

RESULTS
Toste perception in the armyworm: sensory
physiology
Apparatus for recording and analyzing electrical
Impulses generated by adequately stimu lated taste
receptors has been Installed In the ICIPE Electrophysiology laboratory. The different types of
sensory organs on which our attention will or
has been focused ate shown In Figs. I and 2.
Organs of Interest are: (a) the medial and lateral
styloconlc sensllla on the maxillary galeae; (b) the
eight pegs at the tip of the maxillary palpl; (c) the
pit-like organs on the eplpharyngeal surface of the
labrum, and (d) the pegs at the tip of the antennae.
Electrophysiologlcal examination, employing the
tip recording technique, of the medial and lateral
styloconlc sensllla has yielded preliminary Information Indicating the existence of salt~ and sugar~
sensitive receptor cells In these organs. Stimulation
with a range of mono-, dl-, and tri-saccharides
showed that sucrose Is by far the most effective
stimuli for the sugar-sensitive receptors in the
medial and lateral sensllla. Compounds examined
were as listed In Table I. Some recordings are shown
In Figs. 3 and 4.
The sucrose-sensitive receptor contained in the
medial sensi lla also responds to stimulation by
Inositol (a cyclohexitol naturally occurring in
plants) at concentrations as low as J0- 6 molesflltre
and as such shows a much geater sensitivity to
Inositol than to sucrose. A concentration range
of IQ-G-IO- I moles/litre induced only a smafl
Increase In the firing frequency of action potentials
In the lateral sensllla (Fig. 5). Stimulation of both
types of sugar receptors with the water-soluble
fraction of fresh maize leaves showed that both
receptors are activated to a considerable extent.
A representative example of the rates of adaptation
of the sugar- and lnosltol~sensltive receptors in
both the medial and the lateral styloconlc sensilla
Is shown In Fig. 6.
Trials with chemical compounds which according
to literature occur in grasses have so far failed to
.s:lve any positive results. Compounds which have
been tested are:
(I) coumarin, in diluted and saturated solutions
and (2) a range of natu rally occurring free am inoacids. Further progress In the elec:trophyslological
study of phagostlmulatory active compounds will
largely depend on the results of the behavioural
Investigations (see below)

FOOD SELECTION

INTRODUCTION
The female armyworm moth contributes little
or nothing to the determination of the type of
food used by the next larval generation. According
to Hattingh (1941) and personal observations, the
female Is unselectlve with regard to the species
of plant on which she ovlposits; eggs are deposited
on any kind of substrate having a dry and smooth
surface. Conversely, only plants belonging to the
families of Gramlnaceae and Cyperaceae are acceptable as food for the larval stages (see review by
Brown, 1962). The neonate larvae escape from unsuitable substrates by hanging from a silken thread,
wh ich, after breaking gives them a certain buoyance
In air. In the typical range. land habitats ofthe armyworm the wind-borne larvae have a good chance
of landing on the wild grasses that form their
natural food.
The latter (flfth and sixth) instar larvae have a
certain mobility and, apart from damaging range-
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Table I. Feeding stimulative effectiveness for S. exempto of sugal"$ relative to the effect of sucrose. C.l. = consumption Index;
s.e. - standard error of the mean. C.l.< I slgnlfles the per cent l!li'Yae showing a consumption Index smaller than one. See text.
Day I
(2)
C.l.±s.e.

Sr.u:ro5e I
Fructose
Raffinose
Maltose
Glucose
Melibiose
Galactose
Rhamnose
Inositol

C.l. < I
(%) C.l.:l::s.e.

100.00
112.23:1;13 . 96
33.84:1: 8.34
13.10± 3.09
13.67:!: 5.20
-4.89:!: 1. 42
5. 68± 1.94
-4. -46± 1.-49
5. 01 ± 3.73

Day3

Doy2

0
0
32
26

54
50

40
53
70

C.l.< I
(%) C.l.±s.e.

100.00+
135.03:1: I•UB
95 . 51 :1: 16 .21
51 .-45± 7 . 94
63 .-45±10.27
18 . 19± 3.64
17.87± -4.15
4 .73 ± 2.14
5.86± 1.93

0
0
0
II
14
19
20
53

so

C.l.< I
(%)

100 . 00
123 .:2-t± 10 . 12
101 . 61 ± 15.05
80.94± 8.84
69.78± 11.72
34. n ± 7 .3s
28.98:1: 6.21
5. 76:!: 2.76
8.57± 3.25

00
00
55
0
18
25
20
67

55

N

21
19
19
28

25
IS
IS
20

(I) Mean faecal production per larva (a) on basic diet + sucrose: 10.40 me (day I); 7. 16 mg (day 2) and 7. 92 mg (day 3); N = l80
(b) basic diet without sugars added : 1.76 me (day I) ; 1.37 mg (day 2); 0.&4 me (day 3): N=39.

diet X IOO·,
(2) C..I -_ mg. dry f aeca1peIIets te.n compound-basic
.
stu:!"'$e-baslc diet
a sucrose control and basic diet control WlU run with each test,

Flf. Io. Scanning electronmlcrosraph of the tip region of the maxillary palp _of the armyworm larva showing eight sen5llla;.
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Fit. lb. Scanning electronmlcroaraph

or a unllaten.l

pair or sensllla styloconlca on the maxillary galea.

9

Fig, I c. Scanning electronmlcrogaph of a senslllum cocloconlcum on the aplpharyngealsurfa" of th• labrum.

10

a

c
Fig. 2.

(a) distr ibution of sonsllla. on the. epipharyogeal wall of the labrum of the armyworm larva: se= tac:tllo setao; sc:o=sansilla.
c:oeloc:onlc:a; sca- sonsllla campaolformia,
(b) schematic representation of a scnslllum coaloconicum.
and
(c) senslllum styiOt.:onlcum.

Other organs of Interest are the pit-like organs
on the eplpharyngeal surface of the labrum (Figs. I
and 2). Scanning EM observations confirmed
our light microscopic findings that the central
paplllum is surrounded by a semi-circular wall.
Tip recording from the papilla is rendered difficult
by its extremely small site, but the preliminary
results suggest that these sensilla also are saltand sugar-sensitive, but, unlike the styloconic
sensllla, are Inosltol-1 nsensltlve.

The results are summarized In Table I. The values
given are those relative to the effects of both
control tests (exfressed in a consumption Index
or C.l.). Values o C.l. equal or greater than unity
are considered as positive responses. From the
Table It can be seen that highest average feeding
rates are Induced by fructose and sucrose where all
test larvae show a positive reaction. Furthermore,
on sucrose the average dally Intake Is relatively high
over the whole experimental period of three days.
On the moderately active sugars (fructose, raffinose,
maltose, glucose), as well as on the weakly active
sugars (melibiose, galactose) the intake Is initially
low but Increases 3 to 5 fold by the third day: the
percentage larvae rejecting generally decreases
with Increasing average feeding rate. Rhamnose
and Inositol both appeared to be Inactive compounds. The results of subsequent experiments
Indicate that these two compounds actually are
capable of inhibiting the responses to sucrose.
Concentrations as low as 0.004 M of sucrose have
been shown to induce a significantly positive feeding
response but this Is Inhibited slightly yet significantly by the addition of either rhamnose or
inositol at a relatively high concentration (0. 1 M).

Behavioural studies: phagostfmulatlon by
sugars
The behavioural significance of the electrophyslologlcal results on sugar receptors described
above was investigated by means of feeding experimentS conducted with standardLled sixth lnstar
larvae. The assay method used consisted t~ssentially
of measuring the dry weight faecal pelletS per
larva when feeding on an agar-cellulose diet fortified
with the test compound (sugars). 0.1 M concentrations of the t~st compound were used In the
Initial experimental series; this concentration Is
approximately that of sucrose In most grasses
(Waite and Boyd, 1953). Two control tests were
run concurrently with each experiment; one
consisting of measuring the response to basic
diet without sugar and the other measuring the
response on diet containing 0.1 M sucrose. Feeding
activities were followed for three consecutive
days at a constant temperature of 30°C,

Behavioural studies:

ablation experiments

Evidence for the existence of sugar-sensitive
sites on the maxillae and epipharyngeal surface
of the armyworm could be obtained through
ablation experiments. Fig. 7 summarizes the effect

II

was found to be due to an adverse effect of these
operations on the larval feeding ability.

of the various types of mouth part ablation on the
capability of the larva to respond behaviourally
to either fructose or sucrose, two of the most
effective feeding stimulating sugars (see above).
The finding that the larval chemotactic responses
are neither abolished by maxlllectomy nor by
labrectomy corroborates our electrophyslologkal
data on the presence of .sugar~sensltlve receptors
in the maxillary and epipharyngeal sensory organs.
The responsiveness to sugars is much reduced
after the maxillae and labrum are removed together
but Is still statistically significant. Sugar recept?rs
thus might exist on other parts of the buccal region
as well. The overall reduction in Intake rate after
the combined removal of the maxi llae and labrum

DISCUSSION AND CONCLUSIONS
The failure of inositol to enhance feeding activity
in the armyworm larva places a question mark
behind the functional significance of the Inositolsensitive chemoreceptors in th e maxillary styloconlc sensilla. The possibility that these receptors
may mediate rejectance does not seem very likely.
If this would be the case they would be remarkably
ineffective and would be of no significance under
natural conditions In view of the low concentrations
of inositol In green plants.

Sucrose 10-4 M

10- 2 M

,'

~-·----·---~------~----------~------------------~~

.

Fructose 0 .1 M

S ucrose
Ftc. 3.

0 .1 M (conf•·ol)

Representative oscillographs recorded from a lateral sensillum ~tyloconlcum of Spodoptera

with sodium chloride, sucrose and frUctOle.

12

exemptd upon stimuhatlon

.~~-----

Na C I C 1 M { co n ito I )
-·---------------··--~~--------------~--~--

S ucros e 10 .. 3 M

------- .........
I I

~·~--.~~~-----.n~-~-~--~--~------~------------~-------~--------.-----·
FJg. 4.

Fig. S.

Oscillograph of responses from the medial sensllla styloconlca to stimulation with sodium chloride and sucrose at different
concentrations, Calibration mark 200 msec.

Oscillograph of responses from the medial and lateral scnsllla styloconica t6 stimulation with SO mM concentration
of meso-Inositol: (A) medial senslllum, first second of stimulation; (B) lOth second of stimulation; (C) lateral senslllum.

sugar receptors. Apart from being the most active
phagostlmulants fructose and sucrose were also
the most effective stimuli for the maxillary and
epipharyngeal sugar receptors. Th us, In so far as
the effect of sugars is concerned, there is a good
correspondence between behavioural and electrophysiological data.

Phagostlmulatory active sugars as determined
by faecal dry weight, can be arranged In the following order of decreasing effectiveness: sucrose,
fructose, raffinose, maltose, glucose, melibiose and
galactose. Rhamnose Is inactive, behaviourally
as well as electrophyslologically on the armyworm's
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Also under natural conditions the taste sensitivity
of the armyworm larva _to fructose and sucrose
is probably of considerable Importance. Employing
thin-layer and paper chromatography . of watery
extracts of dried leaf powders of wild (e.g. Chloris
gayona, Cynodon dactylon, Pennlsetum clondestlnum,
P. purpureum) and cultivated (maize, sorghum)
grasses we found that fructose and glucose are the
most abundant free sugars In these plants. Sucrose
and maltose are present In lower and variable
quantities, being especially well represented In
sorghum leaves. Pentose Is only found In very
small amounts and oligosaccharldes are almost
absent. There is some indication that Inositol
occurs in leaves In minor quantities only.
The common occurrence of the sugars In all
green plants renders It unlikely that the observed
sensitivity of the armyworm to these compounds
can by Itself provide a significant basis for a food
specific behaviour. The present results, however,
give a foundation for further studies on the armyworm's chemoperceptive capability and will also be
useful when quantitatively assaying chemical compounds for feeding Inhibitory activity (anti-feedants).

3. to continue searching for compounds with
specific phagostlmulatory action in the natural
food plants of the armyworm:

Fig. 6.

Adaptation rates of action
sensllla styloconica.

potentii!l~

II

II

I!!

from

4. to further study the morphology and fine
structure of the armyworm's sensory organs
Involved In food selection behaviour (SEM
and TEM studies).
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GROWTH AND DEVELOPMENT IN
RELATION TO TEMPERATURE
ANP FOOD

Objectives of present research
Our research obJectives may be summarized as
follows:

INTRODUCTION

1. to work out the electrophysiologlcal results
In more detail;

When studying the sensory physiology and
behaviour of the African armyworm It Is often
necessary to work with standardized material.
It Is for this reason that observations have been
carried out concerning growth and development

2. to focus attention on chemical compounds
with antl-feedant effect in electrophyslologlcal and behavioural studies:

14

N

....11

LABRECTOMY

MAXILLECTOMY

z
0

>

~10

--I ll

Q)

Q)

0.

du

~5
~

-o

01

~

Day:

p

< .001
< .001

2
< .001
< .001

3
= .005
< .001

< .1

< .1

3
<.005
< .001

LABR.+MAXlLLEC.

CONTROL

-

2
< .001
< .001

N

~10
0

~

0

-:::::::
Vl

Q)

C)

0.

-as
u

Q)

,
2
< .001

Day:

p

< .001
< .001

Fig. 7.

<

.001

1
<.005

3
< .001

< .05

<.001

2
< .1
< .001

3
< .1
<.001

Effects of various treatments on the chemotactic rosponses of S. exempta to sucrose (loft column of e;~ch pair of black
columns) and to fructose (left column of each pair of white columns). The right column of each column gives the average
response to diet without any sugar added. P moans the probability that thare Is no difference between responses oro
diets with and without sugar (t-test).

RESULTS

under certain laboratory conditions. Since during
the past years we have been suffering from very
high mortality rates In the ICIPE armyworm
breeding colony some data on mortality are also
presented.

ln~uence of temperature on development rates
Rates of development were followed In Hotpack
controlled temperature chambers set at a photo·
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period of 12 hrs (lights on at 08:00 a.m.). Larvae
were kept In groups of 20 In closed plastic boxes
(14 x 9 x 2 em) and supplied ad lib, with fresh
leaves every 24 hrs. Fresh young maize leaves have
been used as food unless stated otherwise. Egg
batches which had been laid during the night
were transferred to a certain constant temperature
the following morning. Head capsule widths were
measured under a stereomicroscope fitted with
an ocular micrometer.
The relationship between temperature and the
duration of development can be described by a
hyperbolic function: d (t-m) = K, In which d Is
the duration of development at a temperature t, K
is a constant and m is the minimum temperature at
which development Is still possible. Transformation
Into a linear function gives : v = K (t- m), in
which v ( = I ) Is the development rate and K = I .

d

TEMPERATURE °C

•

30

25

20

R

Y-. 1..77 X -67.21

In Fig. Ia-d the regression lines of temperature
on the development rates of t he egg, larval and
pupal stages of the armyworm are presented.
Some of the data have been taken from the report
of Hattingh (1941) on a South African armyworm
population. Our data differed from those of Hattingh only with respect to the duration of embryonic devefopment. While we failed to record any
hatching at a temperature of I2°C and only obtained
a partially successful hatch at I5°C, hatchings were
found by Hattingh even at a temperature as low
as I
The failure of eggs to hatch at a relatively
low temperature is probably due to an Inability
of the larva to break the chorion. In our experiments larvae obtained from eggs which had been
hatched at 25<>C and subsequently reared at I.S°C
failed to complete their development, reaching
the fourth lnstar at most.
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TEMPERATuRe.

dactylon), Kikuyu (Pennlsetum clandestlnum), nut
(Cyperus rlgldlfollus) and rhodes grass (Chloris
gayono). The largest variation occurs in the first
and sixth lnstar.
A hlgp total (cumulative) larval mortality was
normally recorded during rearing of the armyworm,
which ranged from 50 to more than 70 per cent.
As shown In Fig. 5 the mortality distribution
among the different lnstars shows a U-shape with
higheSt death rate occurring during the first and
last Instar. The latter Is mainly caused by death
In the prepupal phase. A similar U-shaped mortality
distribution Is obtained when rearing either at
a higher (30°C) or at a. lower (I8°C) temperature
(Fig. 6).
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Fit· /d, Relation between temperature and rate of developm
ent of S. exempto from the moment of depo$ltlon
o{ the egg until adult eclosion, •=after . Hattingh,
1941; O=author.
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Influence of temperature and food on growth
rate and mortality
Larval growth as measured from Increments
in width of the head capsule In the consecutive
lnstars Is shown In Fig 2. The geometric progression
has a growth ratio of 1.55, which Is neither In~
fluenced by the specific temperature condition
nor by the type of larval food supplied. In Fig. 3
the logarithm of the mean head width has been
plottl!d against the number of days at which 50%
of the population concerned had moulted into
the next lnstar. Only the first lnstar shows a disproportionally prolonged duration at a temperature
of I8°C. Not shown by Fig. 3 is the pronounced
Influence which temperature has on the length
of the last larval lnstar. Under temperature conditions of 30, 25 and IS"C the mean duration of the
last instar Increases linearly to 3, 8 and 20 days
respectively. The main responsible factor was
the high temperature sensitivity of the prepupal
period.
Almost all grasses appear as approximately
equally suitable to support growth and development
of the armyworm . Notable exceptions are: (a)
red oat grasses (Themedo trl.ondra) which proved
to be nutritionally inadequate, and (b) wheat
seedlings, which were consistently found to cause
a virtually IOO% mortality In the post-feeding
last lnstar larvae.
In Fig. 4 the pooled data are shown for growth
rates of latvae reared at 25°C on the following
grasses: sorghum, maize, napier (Pennlsetum purpureum), couch (Digitaria sea/arum), star (Cynodon

INS T AIR

Fig. 2. Growth in head width and growth ratio pf S. exempta.
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Averaae srowth rates of head widths when reared

As In Fie. S for temperatures of 18 and 30"C.

at 25"C with different plants as food (see text).

DISCUSSION
The present observations will enable us to
recognize the larval instar by measuring the head
width. Also the duration needed to reach a certain
lnstar at a given temperature can now be estimated.
This sort of Information will be necessary in some
of our experiments concerning the sensory physiology and behaviour of the armyworm.
Our observations Indicate that the African
armyworm has a high temperature requirement as
compared to armyworm species originating from
more temperate regions. For Instance, in Leuconio seporota temperature higher than 25°C results
In retardation of larval growth (Sinchalsrl and
Sogawa, 1969), whereas In the African armyworm
fastest development is reached at the highest
temperature studied (32°C). Mortality rates are
not greater at such high temperatures than at lower
temperatures. When assuming a pre-oviposition
period of 2 days (determined from personal observations) and an unlimited food supply our data
Indicate that the armyworm could reach a maximum
of II consecutive generations per year.
During the larval stage mortality was rather high
In our experiments, ranging from SO to 70 per cent.
This more or less corresponds with the average
mortality found in the Insectary. The cause of
mortality Is not known, but apparently It is not
related to Inadequate food . Since our observations
have been made at constant temperatures It remains
to be Investigated how mortality can be Influenced
by fluctuating temperature regimes.

a.

8

~
tr.

80

c(

t;
z

'§

;:; 150

I

0

2

3

4

5

15

INS TAR

Fie. s.
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may contain c/s-9, trans-11-tetradecadlen-1-yl ace-tate and c/s-9, trans-1 2-tetradecadlen-1-y I acetate
as the sex pheromone. As the two methods In the
GLC Indicated, this Is qu ite likely.
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ADULT BEHAVIOUR AND SEX
PHEROMONE BIOASSAY

INTRODUCTION

ANALYSIS OF THE SEX
PHEROMONE

Studies on mating behaviour and bloassays for
female sex pheromones were Initiated on labo·
ratory-reared Spodoptera exempto during January
1974. Female sex pheromones have been reported
and identified for other species of Spodoptera.
Brady and Gay nard ( 19n) have Identified the female
sex pheromone of S. exigua (Beet Armyworm)
while Sekul and Sparks (1967) and Jacobson et
( 1970) have isolated, identified, and synthesized
sex pheromones of the Fall armyworm and Southern
armyworm, respectively. The response of male
~outhern ar"'!rworm . to a synthetic pheromone
Prodenlalure . In field cages has been reported
by Redfern et of. (1971).
In order to utilize the behavioural sequence of
a male moth responding to pheromone-releasing
females for bioassays, the phenomenon must be
studied closely. The Investigations reported here
Include four main sections: (I) study of the reproductive behaviour of both sexes; (2) bloassays;
(3) field Investigations on adult behaviour; and
(4) data collection towards construction of life
tables.
These studi es are intended to rrovlde Information regarding th e behaviour o both sexes of
moths that leads to successful copulation. It Is
hoped that such Information will allow us to
get an Insight Into some of the aspects of the
population dynamics of the African armyworm,
which In tu rn might enable us to manipulate
conditions or factors so as to dis rupt their normal
behaviour and thus control this peSt.

Gas-liquid chromatography (GLC) with
electron capture (EC) Detector
Ten abdominal tips of two-to-four-day-old
females were extracted with benzene, filtered,
and concentrated. The concentrated solution was
divided into two equal portions (each portion
equivalent to 5 female tips). One portion was
directly trlchloroacetylated and the other was
hydrollzed and then trlchloroacetylated. The crichloroacetylated products were dissolved in 20
J.ll of solvent and analyzed by a GLC with an EC
detector (3mm by 75 em column, 5% OU-17, 190°,
N2 carrier gas at 25 ml/min).
The GLC retention times of the above trlchloroacetylated products were compared with standard trichloroacetates of unsaturated alcohols.
The existence of the following compounds is
suggested from this experiment.

i

C14 (con]. F2) alcohol (10 ratio)
C14 (non-con]. F2) alcohol (I ratio)
C 14 (con). F2) acetate (20 ratio)
c14 (non-con]. F2) acetate (2 ratio)
This analysis was carried out by T. Yonehara and
Y. Kuwuhara of Kyoto University.

Gas-liquid chromatography (GLC) with a
flame ionization detector (F/D)

Reproduction behaviour

About 50 female abdomen tips were extracted
with ether and filtered through a silica gel bed
lg). The solution was then analysed by GLC
FlO, column, S% carbowax 20M, 3mm x lm,
50°). Two components were observed that had
a retention time corresponding to that of c/s-9,
trons-11-tetradecadlen-1-y I acetate and c/s-9, trons12-tetradecadlen-1-yl acetate {cls·9, trons- 11 -tetradecadlen-1-yl acetate supplied by Y. Tamakl, T.
Yushima, and T. Kono).
Meanwhile It has been shown that Spodoptero
littoral Is has a group of compounds (tetradecen-1-y I
acetate, c/s·9·tetradecen-l-y I acetate, trons-11tetradecen-1-y I acetate, cis-9 trans-11 -tetradecadien-1-yl acetate) as a sex pheromone (Nature, 244,
208 I973). Also, c/s-9, trons-11-tetradecadlen-1 -y I
acetate and c/s-9, trons-12-tetradecadlen-1-yl acetate were found as a sex pheromone of Spodoptero
lituro (Y. Tamakl, T. Kono, private communication,
In press). (Cis-9, trons- 11 -tetradecadlen· l·y I acetate
was supplied to me by Tamakl et ol. above).
It seems possible then that the sex pheromone
of the African Armyworm (Spodoptera exempto)

Reproductive behaviour was studied in respect
to the pre-mating (courtship) and post-mating
behaviour (behaviour during the time the two
sexes are coupled is a passive phase). For reasons
of convenience pre-mating and post-mating behaviour are dealt With separately.
The object of studying the pre-mating behaviour
was to get an insight Into:
(1) the responses of sexually
mature males to females
of different ages:
(ii) the age of females at which
pheromone production and/or
eliciting behaviour response
In males begins;
(Ill) the age at which males can
perceive and/or respond to
females: and
(iv) the time of day or night most
preferred for mating.

~
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It Is essent ial In such stud ies to use male$ t hat
have not been exposed to t he pheromone odour.
This was accomplished by keeping the male and
female pupae In different rooms, fairly well Isolated
from each other. The emergi ng ad ults were collected Into Kilner jars provided with 10% sugar
solution marked for the day of emergence, and
mai ntained In these rooms unt il put with the
opposite sex.
Observat ions were made on 18 single pairs as
well as 2 groups of five pairs of adults obtained
from the laboratory culture. The two sexes were
put together In both cases between 9,00 a.m.
and 11.00 a.m., when individuals were 24 hours old.
Observations were made round the clock at
hou rly Int ervals. 50 Individual pairs of adults
obtained from pupae collected in the field (outbreaks) were also nudled similarly.
Results from these observations are presented
In Table I. Observations Indicated that males are
not sexually active (behaviourally) until 2 days
after emergence, In that no males up to this age
showed any response to females. On the other hand,
12 of the 41 responding wild male$ did so only
24 hours after emergence. This difference may
be due to the varying physiologies of the wild and
laboratory populations, but is not being elaborated
at present. Females take at least 2t days (60 hours)
1n the case of laboratory reared moths and 2 days
(48 hours) In the case of wild before they start
attracting males and eliciting pre-mating behavioural
response In males. Of the 28 laboratory males
observed, only 22 showed response In this way
while 41 of the SO wild ones also responded. The
others did not respond throughout their lives.
Of the responding males of either kind, there
was considerable variation In the behaviour of
one Individual from another; however, the following
sequence of behavioural responses was observed
and can be considered as being a general behaviour
pattern.

Making copulatory attempts-opening up the
scent brush plume and swaying of the rear abdominal portion on either side.
It should be pointed out here that the firSt t hree
steps of behaviour seem to be rather general,
In that any stim ulation such as a change in light
Intensity or blowi ng of air would also produce t hese
responses. More observations (possi bly electrophysiological) are needed to understand t he
slgnifkance of these three steps of behaviour.
Ot her behavioural traits that were noted were
as follows :
I.

Of the 28 laboratory pairs, there were
18 pairs that mated; and all the matt ngs
occurred between 12.30 a.m. and 3.00 a. m.
over a period of observation of about I 0
days;

2.

39 of the 50 wild pairs mated and all or these
also mated between 12.30 a.m. and 3.00 a.m.

3. Some of the unmated females laid eggs t hat
did not hatch (unfertilized).
4.

Data from cable I indicate t hat males of
this species exhibit a rat her errntlc mating
behaviour. Not all males in a given population
may respond to pheromone eliciting females,
and an even lower proportion of males really
c;an mate and inseminate females (6-4.28%
and 78.00% only). This cou ld be even more
so In nature where females are not necessarily
confined with males in a li mited space, as
under the experimental conditions. This
Is at present under Investigation in the
laboratory under a series of experiments
on the reiterative mating ability of males
of this species.

Bioassays
Ta ble J. The extont of sexual responslvenes1 and mati ng
In mules of S. cxempto
Source of adulu

No . of Pairs

Bloassays were cond ucted to note the response
of males to (i) live females, (II) crude extract
of female abdomen tips ; and (111) suspected female
sex pheromone compound (c/s-9, trans- I 1-tetrade..
cadlen·l·y I acetate). The tests were conducted
in two major t ypes of set·up: (a) air flow system
and (b) direct exposure by means of air puffs
with a dropper.

Responding Males mated

eM

studied

No.

%

No.

%

Laboratory bred

28

22 78 .5?

18 64 .28

Wild collected

50

.. , 82.00

39 78 .00

(a) The air flow system consi-:ted of an air
pump leading to a humidifying chamber,
to a stabilizer, to an air flow meter, t o the
test chambers. The flow of air was adjusted
to ca. 8,0 cu. ft. per hour and let Int o the
first chamber with live females inside, which
was In turn connected to a second chamber
with males.

Sequences of behavioural responses of males
General alerting by raising antennae from resting
position.
VIbrat ing wings uniform ly.
Vibrating wings as well as antennae.
Periodic jerking or flutt ering of wings and antennae.
Raising the body on legs to assume a standing
position.
Movement-starting to walk.
Bendi ng the tip of abdomen down to give the
body a curved appearance.
Walki ng rapidly and haphazardly andfor starting
t o fly.

(b) Under this set-up, males In a Kilner jar
were provided with pheromone-loaded air
puffs from a laboratory dropper, the pheromone sol ut ion being first taken In the
dropper and t he solvent allowed to evaporate. Results from t he system are presented
In Table 2. All bloauaylng was done between
midnight and 1.30 a.m.
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Table l. Response of maleS to live females, crude extract of female i.bdomen tip1, 11,nd suspected synthetic: pheromone chemical

Sources of :tlmulus

No. ofoi!
used and o~e

i!o responded
No,
%

Degree of •
response

LivC! females

3 W. lt days old
S Z?. 3i days old
S ~. 4~ days old

1~ days old
S 32 days old
51! d11ys old

0
I
3

0.0
10. 0
60.0

0
moderate
c:omplote

22 I! days old
S 2t days old
3 lt days old
S lt days old

I

l
3

50.0
10.0
100.0
20 .0

moderato
IOOd
eomplote
slight

60. 0
100.0

complete
complete

Crude extract
0 . 1,
0. 1.
0. 1
0.1

equivalent
equivalent
~ equivalent
equlnlent

I

~~

0 . 1 W equivalent
0 . I ~~ equlnlent

S lt days old
S lt day5 old

Synthetic: pheromone
trans-11 -trans 12 mlxt,
0 . 002 ~· • •

3 l t days old

2

3 3t days old

3
0

O. Ol j.lg In 10 ml
O. l!llln 10 ml
2.0 J.Jg In 10 ml

10 It days old
3 l t days old
10 It days old
3 3 ~ days old
10 It days old
3 l t days old
10 1! days old

3

s

0
3
0
100.0
0

6() . 6
100 .0 Slight
0 .0
50.0 moderato
100. 0
100. 0 co mplete
0 .0
complete
0.0

*At preSent the de1ree of response Is being considered u sll1ht, moderate, good, and complete until more Is learned about t he
sequence of behaviour rosponses.
• *The same males were used after a 20 min 1ap.

The exposure t ime was 10 min. It must be
pointed out here that, several test attempts to
run t he bloassays before midnight, did not produce
any response, while the same sets of lndlvldu2ls
tested right after midnight (a gap of 30 min to 60
min.) prod uced remarkable response. This further
confirms the studies on mating behaviour and
goes even further to show that t he sexes do not
respond to each other, apart from the set period
of ti me preferred for mating.
Results from Table 2 suggest that females were
not able to produce as good a response as the
crude extract or t he synthetic pheromone. Males
less t han 2 days old do not seem to respond as
stro ngly as older males, suggesting that they are
not fully mature sexually by this time.
The difference in response to live female and
crude extract needs attention. The crude extract
was prepared from laboratory-reared females
about 6-7 months ago, and has provided good
response. The lack of response to live females
suggests that either these females have lost production of the pheromone, or thei r release mechanisms hove been affected In some way due to
conti nuous laboratory rearing. This, however,
needs to be Investigated In more detail.
Ono female of a related species, S. trlturata,
was caught at light and used to study the response
of males of S. exempta under t he air-flow system.
Complete response was shown by all the 5 males
tested, all males responding within 5 seconds of
being exposed to the air current. However limited,
this small experime nt on the one hand tells us
that there may be cross att~ctl on ; similar chemicals
acting as pheromones; and on th e other hand
provides additional evidence to t he hypotheses

that laboratory-reared females may be affect ed
In their pheromone production and/or rel ease.
Bioassays were also conducted on ad ults reared
out of pupae collected In the wild when outbreaks
of armyworm occurred In Kenya-April to June
1974. As before male responses were studied
in relation to live females and th e suspected
synthetic pheromone mixture. The procedure
followed was Identical to the one described above.
Results from these bloassays are presented in
table 3.
From the sequence of behaviour of males re$pondlng to pheromone producing/releasing females,
responses of Individual males could be quantified
by assigning points In ascending order correspondIng to the successive steps In the sequence.
The overall response of a group of males (say 10)
In a bioassay Is th en computed by a cumulative
average of Individual responses.
Results from table 3 indicate several trends.
The very marked difference In responses to 3 day
and 2 day old females ~6.0% vs 3.0%) confirm t he
previous bloasuys on laboratory reared females.
However, It Is also worth noting that while no
response was noticed to 2 day old females of the
lab-reared population, some response (3% and
9%) was noted In wild females. This would mean
that In the wild, females can start producing/re-o
leasing pheromone after only 48 hours of emergence
while the lab-reared females require at least
60 hours to do so. Also, the difference In males
is noteworthy. A certain proportion of I day
o ld males, although a small proportion (30%, 30%
and 40%). did respond to live females and the
synthetic pheromone. As against this the labreared males were not able to perceive/respond to

21

pheromone releasing/producing females or t~e
chemical unless they were at least 36 hours old.
This same trend is also evid ent from their responses
to the pheromone (30% and 40% of 24 hour old
males) responding to at least some degree to
increasing concentrations respectively. A gradual
increase in the response of fully mature males
to increasing concentrations of the pheromone
is also evident. The only sharp difference in this
sort of response is noted between concentrations
of0.002 f,!g per 10 ml and 0.02(lg per 10 ml whereas
the Increase In response to concentrations above
0.02 (lg per I 0 ml Is at best gradual. It therefore
seems likely that 0.02 J,lg per I 0 ml Is a threshold
concentration for fully mature and perceiving males.
Table 3. Rcsponso of males to live females and the suspec:ted
phero mone (Wild population)
Sour~(!

of stimulus

LiY~ females
5 !i/~, 3 day$ old
S ~~. 2 days old

5 ~ .I days old
S ~~. 3 days old
5 !j?!j?, 2 days old

No. of oo used il<S responding OYera/1 ~
and age
No.
% re$ponse
10,
I0,
I 0,
10,
10,

3 d:t.ys old
2 days old
2 days old
3 days old
I day!> old

9

90 .0
10 .0
0 .0
80. 0
30 . 0

76 .6%
3.0%
0.0%
80.0%
9 . 0%

2
9

70.0
20.0
90 . 0

4

-iO .O

42 . 0%
6. 0%
72 .0%
24.0%
0.9%
90.0%
12. 0%
86 . 0%
60 , 0%

0
8
3

Synthetic pheromone
0.002 ).!g per 10 m.l.
0.002JJg per 10 m.l.
0.02 Ill per I0 m. l.
0.02~-t~ per 10 m.l .
0.02 j.l.g per 10 m.J.
0.2 !II par 10 m.l.
0.2 JJS por 10 m.l.
2.0 Jlg per 10 m.l.
2.0111 per 10 m.l.

I0, 3 days old
10, 2 days old
10, 3 days old
10, 2 days o ld
10, I t;lay old
I 0, 3 days old
10, 2 day$ old
10, 3 da.ys old
I 0, 2 days old

7

30. 0
80 . 0
3 30.0
10 100.0
6 60 . 0
3
8

Fl ELD RESEARCH
INTRODUCTION
Armyworm outbreaks In Kenya commenced
in early April 1974 and continued Into early June
by which time they covered most of the country
(see map). Since Spodoptera outbreaks tend to be
sporadic-indeed this was the first such occurrence In at least 2.t years- a study of the Insects
which was to embrace:
I. pupation sites
2. emergence behaviour
3. post-emergence behaviour
4. reproductive behaviour
5. release of sex pheromones
was Initiated Immediately. It should be emphasised
that-due to the broad spectrum of studies undertaken and also, due to the relatively large number
of areas on which these investigations were replicated-the Information gathered is more qualitative
than quantitative. Conclusions drawn are therefore
to be treated as only tentative.
The time factor together with other limitations
permitted a study of only 4 of the approximately
30 outbreaks (April to June 1974). The first site
was located In the Lambwe Valley game reserve
near Lake VIctoria, the second at the Talta Hills In
the south west, the third near Kampl-ya-Moto
In the Central Province and the fourth in Nairobi.
The observations recorded in the following pages
depict a general pattern for all the outbreaks
studied, unless specified otherwise.

RESULTS AND DISCUSSION

Pupation sites
At all the locations pupation sites were studied
by the examination of topsoil samples measuring
approximately I sq metre in area by 10 em in depth.
Four to flve such samples were distributed for
approximately every acre of land sampled.
It was found at each location that pupation
takes place 2- 10 ems below the soli surface and
that the majority of pupae were recovered from
around the root zone of clumps of grasses
(Table a).
It would appear- therefore that pre-pupal larvae
burrow into the soli in the immediate vicinity
of grass clumps. This behaviour becomes very
relevant when their post emergence behaviour is
looked at In the following pages.
Adult emergence takes/.. lace during the period
between sunset (appr ox. .45 p.m.) and midnight.
Emergence commences Immediately after sunset,
reaches a peak It to 2-! hours later and then falls
off to a minimum by approximately 3-f to 4 hours
after sunset. However, infrequent emergences
continue until about midnight after which the
phenomenon is rare. At Lambwe Valley a definite
pattern of emergence was observed in that for the
first I to I! hours males predominated but thereafter the sex ratio swung increasingly In favour of
females. However, at the other outbreaks the
sex ratio remained approximately at a constant
unity.

*Rofer text for detail about computation of overall response
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MAP OF KENYA SHOWING THE ARMYWORM OUTBREAKS DURING April-June 1974
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Table a. Distribution of pupae In tho soli

Near Root Zone

Baren Soil

Outbreolt

.,

Lambwo Valley
Talta Hills
Kambl·ya·Moto
Nairobi

No.

%

396
617
532

91.87
95.42
94 .83

No,

%

35

8 . 12
4. 27
5.16

29
29

Close observation on several hundred individuals
indicates the, following general behavioural pattern.
Immediately following emergence, the Imagines
search for a grass blade and climb towards its
tip. Their wings are unexpanded at this time.
After havin~ settled at or near the tip of the
grass blade, the w ings start expanding gradually
and become fully expanded within I to 1! hours.
The wings are then folded vertically over the body
in a butterfly fashion where they remain for I to
I! hours, presumably whilst they dry, before
being folded horizontally in a typical noctuld fashion.
The entire procedure of expanding and drying the
wings takes 2-3 hours and once this Is accomplished
the moth is apparently ready for flight.

Flight after emergence
It has been reported (Brown et a/., 1969) that
emerging Imagines of S. exempta take flight lmmedial:ely after they have dried their wings. This
behaviour . was Investigated at all 4 outbreaks.
At the Lambwe Valley the above observations
were supported in that, moths, Identifiable as
recently emerged by wlng·condltion, were trapped
by U.V. light trap In large numbers (750-800)
between sunset and 10 p.m. ("-'3i hours) on two
consecutive evenings. The sex ratio for each
catch was more or less I: I as follows:
J~

2nd night

376
368

0

2
0

0

0.24
0.0

Toto/

431
678
561

Old not sample

Post-emerg~nce pre-flight behaviour

1st ni&ht

On the
Soil (Exposed)
No.
%

Total

Rotlo

na

I:1.06
1:0.94

714

been at least 4 days old on the final night. Moths
appearing to be ready for flight were disturbed
In order to Induce them to fly, but to no avail,
they only crawled back onto another grass blade
and remained there. During the day time these
moths were seen concealed In grass.

Reproductive behaviour
S. exempta adults have to go through a premating
period after emergence (see earlier report on
laboratory Investigation). This behavioural trait
w ill continue to present some limitations In making
observations on reproductive behaviour In wild
moths unless some technique is developed for marking the emerging moths and keeping track ofthese
on subsequent nights. Although many of the
moths must have been older than 2 days and
therefore presumably physiologically capable of
copulation, no mating was observed among the
adults up to midnight on any of the nights. This
aspect requires further Investigation and Indeed
these have been Initiated Inside a gauze Insectary
which has been designed to create conditions as
close to nature as possible, yet permit the marking
and observation of in4ivldual adults over an extended period. Laboratory observations confirm the
field conclusions and go further. Data suggest
that mating occurs only o(ter midnight and ceases
by 6.00 a.m.

Pheromone trapping
Experiments were set up at all the outbreak
locations to Investigate the use of pheromone
traps to capture male moths. Live females collected
In the wild at emergence sites were used as bait
in a manner similar to the successful method used
in the laboratory to create male responsiveness.
The traps were shaped like funnels each with
a 45 em diameter opening at the top and an II em
opening at the narrower bottom. The narrow
portion was fitted with screw tops of kiiner Jars
so that the latter could be screwed on or off.
The jars were partially filled with water and the
Inner surfaces of the funnels were smeared with
a glue substance; these together were to serve
as a trapping device. Clear petroleum jelly was used
as the glue; since a non-drying Insect trapping
glue such as "Tanglefoot" was not available,
The females used as bait were held in wire
cages hung In the centre of the funnel. The traps
contained either 5 or 10 females representing two
treatment levels. Each treatment was replicated
four times and Individual trap locations were
randomized within treatments.

Surprisingly instead of the expected 2t hour
delay between peak emergence and peak flight
both emergence and flight peaked approximately
simultaneously. Possibly optimal environmental
conditions for activity were reached at this time
and these probably Influence or trigger both
activities simultaneously.
At the other outbreaks the behaviour of the
emerging adults was very different. The light
trap was operated at all the locations on each
of 4, 5 and 8 nights respectively from Just before
sunset until approximately midnight. Emergence
was studied within a radius of about 90 metres
from the trap for about 4-5 hours each night.
These observations were made by using head
torches whose beams were reflected by the eyes
of the moths In a manner similar to cats' eyes.
On each night at each of the locations 300-400
freshly emerged and emerging moths were observed. However~ not a single moth flew for 4-5
consecutive nights even though many may have
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No male moths were trapped in any of the
treatments. This was not unexpected during the
first two days since females do not release the
pheromone until they are at least 2 days old.
The reason for the absence of captures on subsequent nights Is not known, but there are abundant
possible explanations only some of which are
listed below:

I. trap design,
2.

sl~e

and shape;

height oftraps above ground level ;

3. age of males;
4.

quality of the sticky substance-petroleum
jelly may have been responsible directly
as a deterrent and indirectly by modifying
tho pheromone odour from the releasing
females;

5. absence of pheromone release for unknown

adults in ltght traps during such periods. It becomes
practically Impossible to study the population
dynamics In the field due to the specialized mode
of life and reproduction of this pest. In view of
this difficulty a gauze Insectary has been erected
to provide an enclosed stand of the food plant
(maize) on which can be reared self-perpetuating
populations of the armyworm.
It was planned to start a population Inside the
gauze Insectary with known numbers of individuals
of the same age to provide a uniform cohort on
which observations could be recorded periodically
to obtain data towards compiling a life-table for
the species. Also Intended were studies on the
adult behaviour Including emergence, reproductive
and flight behaviour, which, as mentioned In an
earlier section, are extremely difficu lt to conduct
on a wild population.
The gauze insectary is a platform of earth measuring 10 meters by 5 meters with cement walls
holding the earth from all four sides. A wooden
frame-work supporting plastic gauze stands ""'
meters above the surface. The roof Is also constructed like the walls. The entire set-up Is Insect proof
and Is provided with a double door ent rance which
serves the purpose of an anteroom. Under the
set-up the physical environmental factors (temperatures, hum idity, rainfall and sunshine) are the
same as In the open.
The available land space was divided Into 2
halves by means of gauze partition and only one half
was utilized for the studies In question. The half
of the land was further divided approximately Into
3 sections of rv 5 sq. meters each. Maize was planted
In these three plots at 15 day Intervals so as
to provide the larvae with maize of different
ages.
A week after the last plot was planted, 300
newly hatched larvae from the same egg batch
were Introduced In the three plots. This cohort
of larvae was mon itored throughout the developmental stages. Observations were intended to
be made twice a week on the number of larvae
and their growth stage; Init iation of pupation,
termination of pupation and e mergence of adults.
Records were made of mortality factors associated
with different growth stages of the larvae and
the pupae. The temperature and humidity were
also monitored by operating a thermophygrograph
set Inside the Insectary and the ranges of the
maximum and minimum are presented In Appendix I.
Counts on the flrst and second lnstar larvae
could not be made because of their extremely
small size, and therefore, they were counted from
the 3rd instar onwards. It was not Intended to
make absolute counts, but only so these would
serve as samples from each plot. Data are presented
in table b. It Is Indicated by this sampling data
that plots II and Ill (later planted) harboured
greater numbers In comparison to plot I. This
suggests that the re probably Is a preference for a
particular age of maize plants exhibited by the
later lnstar larvae, which were also observed
to migrate out of plot I Into the plots with younger
maize.
The data at present are very limited and do not
permit any interpretations.

2t

reasons.
Giving consideration to the points listed above,
these experiments will be repeated at the next
armyworm outbreak.

General observations
When larval outbreaks In the Lambwe Valley
were visited during mid-April, the local farmers
stated that during mid-March a less severe larval
outbreak occurred whlth was
. preceded by another
even smaller one during mldhFebruary. It seems
therefore, that this outbreak was endemic and
that at least three generations of the armyworm
occurred before the por.ulatlon reached outbreak
proportions In mld-Aprl .
On the three other outbreak sites visited, all
stages of the Insect were observed-eggs, lst,
2nd, 3rd, 4th and Sth lnstar larvae, pupae of different
ages, and adults of different ages. This absence
of synchrony, such obvious staggering of life
history stages, together with the obvious lack
of flight behaviour mentioned earlier are all
markedly atypical of a migrant species. Indeed
these observations strongly support the hypothesis
mentioned above that these outbreaks arose from
endemic populations that reach outbreak numbers
under favourable ecological conditions.
In conclusion therefore, It Is tentatively suggested
that Armyworm outbreaks In Kenya are not neces·
sarlly a consequence of migrations as has been
suggested in the past (Brown et al. , 1969) Brown
and Swaine 1966) but may on the contrary be
due to rapid Increases in the endemic population$
as a result of optimal environmental conditions.
Whether these large populations subsequent ly
give rise to migration has yet to be determined.

Data collection for lifetable analyses
The African Armyworm Spodoptera exempta
Wlk. Is todate considered as an outbreak pest,
outbreaks being restricted to only certain periods
In . any given year. The population dynamics of
this pest during the rest of the year Is not fully
known, nor has It been Investigated In the past:
altho.ugh It Is not uncommon to collect stray
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Table b . Observations on the latvaa re<:orded (rom three :adl:acent maize plots in the enclosed

in$ec;~ry

No. and stage· of larvae

Oote
Plot I
7 3rd instar
15 -4th insur
22

Plot II
35 lrd lnsc:ar
41 4th insc:ar
76

30 5th lnstar
9 6th lnst:ar
39

-49 5th lnstar
8 6th instar
57

83 Sth lnst:ar
13 6th lnst:ar
96

192

May 2-4, 1974

.....

6th lnst~r

62 6th lnstar

<tO 6th instar

146

M:ay 28, 197"

21

6th lnstar

36 6th lnstar

35 6th lnst:ar

92

M:ay 13, 197-4

M:ay 20, 197-4

Plot Ill
9 ltd instar
35 "th lnsnr

Total

"'"'

1-42

APPENDIX I

TEMPERATURE

HUMIDITY

Do to

M:ay 16-2
May 2o-27 • +
May 27-June 3 • "
June 3-June 9
June 9-16
June 17- 2"
June 24--30
July 1-7
July 8-15 .
July 15-21
July 21-28
July 28-August S
Aug. S- 12
Aug. 12-19
Aug. 19-26
Aug. 26--Sept. 2
Sept . 2-9
Sept. 9- 15
Septa. 15-23
Sept. 23- 30
Oct. 1-7
Oct. 7- 14
Oct. 14-22
Oct. 22.-28

Mol(imum
(Range)

Minimum

Maximum

Minimum

(Range)

(Range)

(Range)

94--96
96-97
96-97
93-96
94-96
95- 96
92.-95
94-97
94--96
94--96
95-97
96-97
96-99

4().....43
34--52

95-99
97-99
97-99
97-99
98-99
97- 99
97- 98
96--98
96--98
93-98
96--96

29"C-WC
22~C-38"C

3~51

27"~34"C

32-51
31 - 52
"I- 58
38-76
-48-62
-41-58
52-58
35-65
32- 70
36-6<1
"7- 6-4
17- 57
39- 59
37-65
37-53
-48-70
30-46
34--45
22-29
26--36
32- 56

28uC-34"C
28"C-3""C
21 "C-27"C
19"C-27"C
15"C- 26"C
20°C-23"C
I8"C-22"C
21"C-26"C
16"C-31 "C
20"C-28"C
18"C-27"C
23"C-28"C
21 "C- l7"C
20"C- 26"C
21 "C-2""C
16"C-23"C
23. C-28"C
29"C- WC
wc-33·c
31"C- WC
33 . S"C- 23"C

14"C-15"C
18"C- 16"C
13"C-IS"C
9"C-1 2"C
9"C-12"C
9"C-13"C
II "C-13"C
II "C-13"C
IO"C-Il"C
IO"C-13"C
II . C-13"C
8"c-1rc
II "C-J30C
9"C-13"C
7"C- I<f"C
9"C-I-4"C
9"C-13"C
9"C-13"C
8"C-12"C
7"C-13"C
7"C-1<4"C
7•C-13"C
9"C-12·c
II"C-13·c

*Adult emergence,
**Pupation

Pupation was observed to have started on May
24 and by June I, (approx. I week) all larvae had
gone under the soil. Maximum and minimum
temperatures during this period ranged ll°C-38°C
and I3°C-I6°C respectively with the humidities
fluctuating between a low range of 34% R.H.52.% R.H. and high range of 96% R.H.-97% R.H.
(Appendix 1).
The first moths to emerge did so on July 9.
If these were flrst ones pupated (May 24th) then
they had spent at least 6 weeks as pupae. This

extended pupal duration suggests, among other
possl bllltles physiological adaptability {diapause?)
and Is planned to be Investigated in detail in future.
Any comments on this behaviour are therefore
reserved until the phenomenon Is Investigated
in some detail. However, It Is worth mentioning
here that pupae dug out during mid-June anc:l
exposed to optimum conditions of temperature
and humidity (ca. 25°C and ca. 70% respectively)
In the laboratory, emerged within 2 days. Total
emergence in the enclosed Insectary till the end
of July amounted to 9 Wand 8&-&-, a total of 17.
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With an Initial cohort of 300 first lnstar larvae
only 17 (5.6%) adults emerged. This fact seems to
be of slgnlt1cance from the point of view of construe~
ing a life--table, especially when viewed in the light
of mortalities during the growth stages discussed
below:

Mortality factors
No apparent mortality was detected as long as
the larvae were in the 1st and 2nd instars. 52
(17.3%) 5th lnstar dead larvae were cou nted and
the symptoms shown Indicated a virus Infection.
Pupae examined by digging revealed mortality
due to ants and physical damage. Some pupae
were found dead without any apparent cause
and were thus thought to have died due to physlol~
gical reasons. In all a total of 65 (21.6%) dead
pupae were observed.
It seems that both the larval stages and the pupal
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stages of this species are subject to considerable
mortality, an appreciable proportion of any given
population being regulated by various regulatory
factors. However, information from several such
generations needs to be accumulated before we
can even begin to understand the dynamics of
armyworm populations and indeed, this Is one of
the alms of initiating the studies reported above.
REFERENCES
Brown, E. S. and Swaine, G. (1966). New evldenco on the
migration or moths of the African Armyworm Spodoptero
exempto (Wik). (Lepldopetera: Noctuldae). Bull. Ent.
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this method has had little use for mosquitoes;
reduced fltness of Irradiated males makes the
method Impractical. However, there are many
other ways of Inducing sterility; sophisticated
methods of genetic breeding allow production
of males that confer sterility on their mating
partners and yet are fit and competitive. Chromo·
some translocations conferring semi-sterility are
particularly promising, both for Aedes aegypti
and for many other pest and vector Insects. This
method requires field trials: the present project
Is so directed.
·

.
Professor G. B. Craig, Jr. (1970)

Scientists:
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.

D. Fanara
1971- 1973)
W . Hausermann 1971-1974)
L. P. Lounlbos
1974)
N. Lorlmer
1974)
1971- 1974)
P. McDonald
( 1973.)
F. Ogah
(1974)
J. Petersen
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AbStf'Oct
Ecological studies were minimized and emphasis
was on a vlllage.scale fleld release. We released males
carrying chromosome translocation heterozygotes
conferring about 67% sterility. The release exten·
ded over I 0 weeks, with about I000 males released
each day. The released males were fully competitive
and inseminated field females at the prediCted
rate. Egg hatchability in the village dropped from
90% + to 30-40%: when the release terminated,
It slowly rose but had reached only 67% 10 weeks
afterwards. When compared to a control village
where no treatment was condueted, the release
village showed a marked drop in adults collected
while landing and biting. However, there was no
reduction In rate of oviposition, perhaps because
the experiment was too short. In a third village,
treated by twice-weekly removal of larvae, the
adult population declined virtually to zero. This
Initial experiment shows that translocatlons can
be Introduced Into fleld populations and that they
can survive long after Introduction. This accomplishment Is a first for any disease vector. These data
furth er indicate that our original idea of population
replace ment with a translocation homozygote
might be feasible. The refore, release experiments
In year 4 will attempt replacement rather than
suppression of populations.

INTRODUCTION
Aedes aegyptl Is well-known as a major vector of
arbovirus disease over most of the t ropical world.
In East Africa, the species Is widespread and abundant. Even minimal control Is not economi cally
feasible in most areas. To compound the problem,
there are numerous behaviourally distinct popula·
tions within the species. In East Africa, one population is domestic, breeding inside houses and feeding
on man, while another is sylvan, breeding in
treeholes and feeding on other animals. The relative
lmFortance of these forms to disease transmission
needs clarlflcatlon.
In recent years, entomologists have been searchIng for biological methods to regulate vector
species, In the hopes that such methods would
avoid both insecticide resistance and environme ntal
pollution. One biological approach Is "genetic
control", the use of genetic manipulation to turn
a species against itself. While the use of radiation·
sterilized rnales has attracted wide attention,

PROJECT OBJECTIVES
Stat~d objectives of this contract Include:

I. Develop a study area for Intensive research
on· a population of A. oegyptl.
a. Determine absolute number and populat ion fluetuation.
b. Develop predictive life tables.
2. Establish I 0-20 replicate sites for later use
In release experiments. Monitor each population for at least one year.
3. Determine relationships between sylvan and
domestic populations.
4. Develop chromosome translocatlons fo r use
in genetiC control.
5. Develop facilities for mass production of
mosqu itoes.
6. Make t rial releases of lab-reared mosquitoes
for methods development.
7. Conduct subsidiary research on bionomics
of other Stegomyia mosquitoes.
8. Develop a major research component, the
Mosquito Biology Unit (MBU) of the International Centre for Insect Physiology and
Ecology (ICIPE).
.
9. Provide training opportunities for African
scientists and technicians.
10. Serve as a mechanism to assist in strength·
enlng the East African Community by affilla·
tlon with research Institutes and universities.

METHODS
Preparation for release experiments began in
January of 1974. The production of release males
started with the build-up in numbers of a marker
strain and two strains heterozygous for single
translocatlons. The produCtion of the release
males necessitated fou r subsidiary crosses becween
these three strains. An account ofthe translocation
homozygotes and the genetical methods for pre·
paring material for release Is given In Annexes
two and three.
Releases began in mid-March and soon reached
a peak of about 1200 males per day. A further
increase was not possible, partly because of space
and working hour limitations and partly because
of a chronic water shortage and repeated breakdown of the water supply due to the severe dry
season.
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Originally the release study was organized on
the basis of two triplets of experimental villages.
Each triplet was to contain one release village.
The first triplet consisted of large villages of near
or above 100 Inhabitants; the second of small
villages of around . 50 Inhabitants. Due to rearing
difficulties our male production did not reach the
envisaged 2000 males per day and we decided to

concentrate our study on the triplet of large villages
alone (Fig. I; Table 1). Chlbaranl village was selected
for the releases, Kwa Dzlvo was used as village
for source reduction and Majengo was designated
as reference village receiving no treatment. All
three villages were monitored the sarne way fDr
population density, sterility, and survival of translocatlons and genetic markers (Table 2).

Table 1. Description of release villages prior to release study

Nome of village
CHIBARANI
(=CHI)
KWA DZIVO
(= KDZ)
MAJENGO
(= MAJ)

No.

No.

Inhabitants
161

Houses
31

Ava raga
15 othar
Rabal villages

LOCATION

OF

.ot8

No.
Containers with
farvae or pupae
34

No.
Containers

L·B catchjmon-hour
Total
~q!
3,7
2.6

108

31

36

26

6,4

5.3

82

28

43

32

3.6

1.4

87 .9

21 .9

35. 2

19 .7

3.4

2.6

VILLAGES

IN

Fig. f.

29

RELEASE

STUDY

Tobie 2. Treatments lllld population assessments of the three vllla,es In releue experiment
Weekly population assessmenu for oil three vi/loges

Additional o"enmenu

VI/loge Treatment
Population size
CHI

Sterility

Dally release of 300-1200 I. Oviposition rates with 1. % hatchability of eggs
collected In oviposition
I oviposition trap per
double hetero:r.ygote males
traps
from March 29 to June 9
hou1e for 3 days per
week

KDZ

Cleaning of domestic water pots 2. Landing-biting r:a.tes
every Wednesday and Saturday
with 3 men for 10
from March 30 till to date
minutes per houle once
a week

MAJ

No special treatment

I. Estimates for total adult

populations at beginning and half time of
release experiment

2. Estimate for s11rvival
2. % hatchability In egg
batches of single females
of rolaase males and
ratios of rolaase males
collected In L-B catch
to n:a.tlve malos for
first h:a.lf of release
period
3. Assossment of competl·

3. Container Index once
a week

tlvencssof release males
In addltlon:a.l villa,e
4. Assessment for survival
of genetic: marker and
translocatlons from May
20 till to date.

-4. Tou.l pup;i.l counts onc;e

a weak

TobltJ 3. Competitiveness of double hetero:t.ygote rolease males
Mole recovery
Day$ after fint
mole reltJose

Toto/

No.

Femo/e recovery

%

morlc.ed

marked

6
7
8
9

181
liS
123
53
60

16-4
91
83
16

90.6
79.1
67.5
58.3
26.7

Totals

539

389

72.2

5

l8

No.
marked

No.
o~ipositloninf

%

No. with
reduced hatch

reduced hatch

Competitiveness

43

40

70
13
29

56
52
8
24

28
30
36
6
21

70 .0
53.6
69.2
75.0
87.5

0 .77
0 .62
1.02
1.29
3.28

lil

i80

121

67 .2

0.93

56

Rele&5e of tran5locatlon males: 500 per day on days 1-4
Release of vlrcln females: 600 per d:a.y on days 5 and 6
Recovery of maiM and females on days >9
. tl
% ~~ with reduced hatch
Compet 1 veness =
% release males In total male catc:h

RESULTS

2. After 8 weeks of dally releases of translocacatlon males the egg hatchability rate
dropped below the pred icted 40%. The
rate of recovery was very slow. Ten wee ks
after the releases were terminated, the
hatch rate had only returned to 65% (Fig. 4).
The oviposition rate (Fig. 5) was less encouraging. There was little difference between
release and control village. However, the
landing-biting catches (Fig. 6) showed two
marked depression of adults in the treated
village. After 8 weeks of release, the control
village had 8 mosquitoes/man/hour, compared
to 1.5 In the treated village. T he difference
was less extreme but still conspicuous In
later weeks. The adult population recovered
quickly when releases were stopped.

Due to our failure to recover In time a vigorous
homozygous translocation strain, our original
goal of population replacement had to be changed
temporarlfy to population suppression by means
of translocation heterozygotes. Our first extended
release experiment to this effect produced the
following resulu:
I. Our translocation males proved to be fully
competitive and of equal survival value to
native males (Fig. 2 and Table 3). Daily
releases of between 300 and 1200 males
maintained the ratio of release males to
native males constantly above I 0: I and raised
It occasionally to 16: I. The ratio of females
to males dr~pped from an average of 60%
to below 20% (Fig. 3).
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3. The killing of all larvae and pupae twice
a week In Kwa Dzivo reduced t he adult
mosquito population rapidly and virtual
eradication of the native population of
domestic A. aegypti type form was achieved
after 9 weeks. Immigration of domestic
A. aegyptl trom neighbouring Chlbaranl
and Majengo was minimal. A small amount
of domestic oviposition by perldomestlc
A. aegyptl ssp. formosus was observed, however, through the whole period. This
Intrusion of ssp. (ormosus into the domestic
habitat Is still taking place today after source
reduction has been continued for 10 weeks
beyond the originally determined date.
4. Migration between the release villages was
during the whole release period negligibly
small. Fluorescent dust marked males from
Chlbaranl were recovered only once In
Majengo and twice in Kwa Dzlvo. A significant depression in fertility was observed

only twice in Majengo, but regularly in
Kwa Dzivo before the native population
was removed. This low migration was not
unexpected since we . had dry season
conditions for the whole duration of the
releases, the rains being two months later
than usual. See Annex 4.
5. Genetic analysis of egg collection and pupal
collections demonstrated an unexpectedly
slow disappearance of the genetic markers
Introduced with the translocatlons and
indicated so far a stabilisation of the M-llnked
translocation at around SO% (Fig. 7).

DISCUSSION
We have demonstrated the ability to Introduce
a translocation into a population and to Induce
sterility long after the releases are over. We
believe this is a major accomplishment.
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somes into populations. A new member of the
MBU team, has now developed a translocation
homozygote with satisfactory characteristics of
vigour, competit iveness and potential sterility.
T his new mechanism was developed at the University of Notre Dame, in cooperation wit h Professor
K. S. Rai .
We now return to original plan. During the
next year (year 4), we will release the translocation
homozygote, attempting population replacement.
We believe that the long-term potential of this
method Is far greater. Ultimately, it should allow
us to change populations by introducing genes for
inability to transmit d isease.

The failure to maintain a significant reduction
In adult population size does not prove a failure
of genetic control by means of translocatlons.
The double heterozygote release males Introduced
into the population the maximum level of sterility
which could be ex pected, That the population size
was not reduced as much as the sterility would lead
one to expect confirms our earlier findings, that
most of the mortality occurs In the larval stage
and Is density dependent. In domestic habitats
egg mortality just reduces density dependent
larval mortality.
The persistence of the male-linked translocation
in the population for more than ten weeks after
releases stopped Indlcates that selected translocations can be established In field populations for
extended periods and suggests strongly that the
original Idea of population replacement is feasible
once an appropriate homozygous translocation Is
available. This might very well be the case with the
now available strain.
In a previous report we Indicated that no suitable
strains with transloc'3tlon homozygotes were
available at that time. Therefore, we modified our
release plans to use double heterozygotes, the aim
being population suppression. The release experiment reported herein shows that our technology
Is satisfactory and that we can Introduce chromo-

Annex I.
Visitor's Guide to Mosquito Biology Unit
MBUfiCI PE/ Kenya

I. Sponsorship: The MBU Is a part of the International Centre for Insect Physiology and Ecology,
Nairobi, Kenya (P.O. Box 30m: DirectorProf. Thomas Odhlambo). MBU operates under
ICIPE Research Director George B. Craig,
Jr. (Director, Vector Biology Laboratory,
Un iversity of Notre Dame, Notre Dame,
Ind. 46556, USA).
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2, Funding; MBU operates on a 4-year research
contract to the University of Notre Dame
from the U.S. Agency for International Development. This contract terminates on I July 1975.
Funds are also provided by the UNDP, via
ICIPE, and by the U.S. Public Health Service.

Simultaneously, strains with chromosome trans·
locations were selected and developed In the
laboratory. From July of 1973 onwards, primary
emphasis shifted toward small-scale fi eld trials
of released males bearing translocations for
genetic control. Results to date have been
exciting. When males were released daily
at a I 0: I ratio, a high level of sterility was
established In a village. More Important,
sterility continued long after the releases
were halted. By June of 1975, we expect to
be able to make a well-documented recommendation on the feasibility of genetic control.

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

7. Summary- Ecological Research:

4, Personnel:

(a) Population composition- On the Kenya
coast, A. aegyptl occurs In two distinct
populations, domestic and sylvan. These
populations have very little genetic exchange, alt hough th eir habitats overlap.
The populations differ in their dependence
on rainfall and In their preference for
oviposition sites, hunting sites and host
species. They can also be distinguished on
the basis of coloration of both larvae and
adults. The domestic form, subspecies
oegypt/, (a) has adults that are brownish and
creamy white, with some pale mutants of
the queenslandensls variety, (b) has a high
frequency of yellow larva, (c) lives Inside
houses, with larvae breeding In clay pots
and other water containers·, (d) prefers
man as host, The sylvan form, subspecies
farmosus, (a.) has adults that are black and
silvery white, (b) has no yellow larva,
(c) lives in forests, with larvae breeding
in treeholes, (d) prefers other animals,
not man, as host. The numbers of the
domestic form are reasonably constant
throughout the year, whereas the sylvan
form Is abundant only during the rainy
season. Also during the rainy season a
third form , perldomestlc, appear, breeding
in outdoor habitats such as old tyres,
discarded containers, etc. The peridomestlc
form results from hybridization of the
other two forms.

Scientists--1st 3 years-Walter Hausermann,
Project Leader (now
Clba-Gelgy, Basel) Paul
MacDonald, Geneticist
(now U. Calif,. Berkeley) Dean Fanara, Eco..
loglst (now WHO,
Indonesia)
Year 4--L.Phllip Lounibos, Project Leader (NIH PO
"fellow)
Nancy Lorimer, Cytogeneticist
John Petersen, Ecologist
Fedells Ogah, Population Geneticist (ICIPE
Fellow)
Technicians: Rosbella
Chesang- Laboratory
management, microscopic work
David Malna- Speclal genetic
strains, translocatlons
Samuel Mburu;.-...Mass production
George Tsuma-Rearing of laboratory strains
Nlcoloas Juma-Eiectrophoresis,
Field Assistants: Julius Mwandadu, Livingstone
Ndenge
Workshop Assistants: James Rlmba, Steve
Wanjohi
Temporary Assistants., Dally Basis :
Karim lddl, Peter Kimani, Kenneth Saha, Malaki Ralik, Eduard
Mkuzl

(b) Many experiments have been conducted
on marking and releasing mosquitoes for
later recapture, In studies of population
size and dispersal. Mosquitoes are either
dusted with fluorescent dyes or lndlvl~
dually painted with dots In a distinctive
pattern. R.P.-:overy rates on these experiments have beP. n in the vicinity of 30-50%,
exceptionally high for this sort of work.
We find that in a typical village of the
Rabal District, with 15- 20 houses, there Is
an ongoing population of about 1000
mosquitoes, with 50-I 00 new adults emer~
glng each day. Both sexes move at random
through the village, from house to hou~e
Relat ively few adults leave the village, th e
number depending on the distance to the
adjacent village. Less than I% will move
as far as 800 meters away from th e village
of origin. These c.haracteristlcs make the
Rabal area an excellent study arena for

5. Project Objectives:
(a) To study the ecology of the yellow fever
mosquito, Aedes aegypti, In detail, to
recognize the key environmental factors
and to predict its responses to seasonal
change and control operations.
(b) To attempt population suppression by
genetic manipulation of populations, the
so-called "genetic control".

6. Research Progress:
The research was organized In two phases.
After a preliminary period devoted to site
selection (Kenya Coast has heavy year~round
populations of A. aegypti), two years (June 71
to June 73) were devoted to studies of selected
sylvan and domestic populations of A. aegyptl.
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experiments on genetic control; each
village may be considered as an ecological
island.

8. Summary-Genetic Research
(a) In the laboratory, chromosome translocatlons have been Induced by radiation
and bred and analysed with genetic marker
stocks. In two years, 78 translocation
heterozygotes have been Isolated. Initially,
we had hoped to obtain translocation
homozygotes and to use them In experiments on genetic manipulation by replacement of populations. However, we were
unable to obtain homozygot es In the time
available. Therefore, we have developed
a system of double heterozygotes which
confer high sterility. Field females mated
by males carrying this system have 20-30%
egg hatch; moreover, almost all resuft~
lng progeny also carry the system. The
population will continue to be affected
long after the initial release.
(b) A field experiment on genetic control was
Initiated In April, 1974. Three villages were
used; one was for the release of translocated males, the second was for control
by removal of larvae and the third was
untreated. All villages were monitored
weekly for landing-biting adults, pupal
output, oviposition rate and sterility. Males
were released at the rate of I000 per day,
every day fo r 60 days. This gave a ratio
of better than I 0: I of release males over
native males.
(c)

Results of the first field experiment are
still eomlng In at the time this Is written.
However, there is no doubt that the high
sterility was established In the experimental population. The villages all started
with 94-98% egg hatch. In the translocation
release village. the egg hatch rate declined
steadily to 40% hatch after six weeks
and remained at this level for 10 additional
weeks (to the present). Note that releases
were halted after the first 8 weeks.

ration of all people, which Is essential
for our kind of work, Is verf difficult
to obtain on the basis o friendly
persuasion. In Rahal, the population is
homogeneous and extensive cooperation with the villagers can be obtained
almost everywhere after proper lntro~
ductlon and acqulntance with the
village elders. In practice, the people
have given us a warm and friendly
welcome. We are deeply grateful
to them.
(b) The field sites are reached after a 30-40
minute drive from the MBU laboratory.
The approach leads through Mombasa
Island and then follows the road to Nairobi
for about I0 miles. After climbing the
coastal foothills In Mazeras, the Rabal
area lies to the Northeast of the Nairobi
road, In the coconut belt. Please see the
attached sketch map. In the Chief's Camp,
we have located an ICIPE Mobile Laboratory: testing for egg hatch and microscopic
examination for translocations are done
here. The three experimental villages are
typical of hundreds of others In the
coastal belt. They were treated as follows:
(a) Chlbaranl-Translocated males released, I000/day for 8 weeks
(b) Kwa Dzivo-Larvae in domestic water
containers (clay pots) . removed twice
weekly by deaning pots
(c) Majengo---No control.
The distances between these villages are
240 m and 205, m, r especti vely. Biting
and domestic breeding in all villages
monitored weekly.
(c) Subsequent experiments will be done in
villages that are further apart. More
effort to prevent Immigration will be
made. Two more releases are planned,
one In October of 1974 (short rains) and
one In January of 1975 (long rains).

I 0. Outreach : MBU has working contacts with
the following agencies:
(a) University College, Nairobi- Entomol.
Dept.- Prof. Odhlambo, Botany Dept. Prof. Olembo, ICIPE home laboratory.

9. VIsit to the Field Site:
(a) All of MBU's experimental field sites
are situated In the area of the Rabai
people In Rabal and Ruruma of Klllfl
District, just west of Mombasa. The
reasons for selecting sites away from the
immediate coast and outside the municipal
boundaries of Mombasa are twofold:
(a) Mombasa exercises within its bounda~
rles a vigorous mosquito control
program me which prohibits long range
field observations. No mosquito
control (or other Insect control)
Is conducted In Rabai.

(b) Division of Vector-Borne Disease, Kenya
Medical Dept.. Nairobi Dlrector- Dr. J.
D. Roberts; Entomologist~¥. J. Prashar.
(c) East African Institute of Malaria & VectorBorne Disease, Amanl , Tanzania DirectorPhilip Wegesa; Entomologist-John Ray~
bold.
(d) Dept. Preventive Medicine, School of
Medicine, Unlv. Dar-es-Salaam, Tanz.
Senior Lecturer- Wenceslaus Kilama,
Filariasis.

(b) The people in the mosquito-producing
areas of Mombasa and the coastal
tourist belt are heterogenous, mobile
and highly Individualistic. Full coope-

(e) East African lnst. of Virus Research,
Entebbe, Uganda
Entomologists-Louis
Mukwaya, S. Sempala.
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Table I. Transmission of Translocation at I :2 ~

Percent
Translocatlon
In Parent

Parental Cross
6 X N; N
A X A
Ax A

X

1.1.

Progeny
A

/.).

25
50
75

65
100

N

Percent
Translocation
In Progeny

101

98

25

401

74

49

76

Annex 2.
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Annex 3.

Translocation Homozygosity

Releases of Translocatlons

Paul T. McDonald

Paul T. McDonald

A translocation homozygote strain has been
Isolated and Is bel ng established. The AT I :2 t
translocation derives from th e Irradiated domestic
strain GANGA. The translocation heterozygote Is
characterized by a fertility of 30% and a pseudolinkage of 637/653 or 0.98. In the fi rst trials for
homozygosity, the four females tested negative.
In the next trial, four femal~s tested negative and
one female positive. In a subsequent trial, one of
four females tested positive for homozygosity.
Once it was established that the homozygous
state was viable for the female, the next step was
the production of males homozygous for the
translocation. Since the translocation was an
m-llnked one, the approp riate male crossover was
Isolated and from him the M-llnked line was
derived.
Once both sexes were produced as homozygotes,
they we re mated together and a homozygous pure
breeding line est ablished. Because of difficulties
In the fitness (fertility and fecundity) several lines
are In process of being established and these will
be mixed together In order to Incorporate as much
genic heterozygosity as possible Into the translocation homozygous stock. At present 40 homozy·
gous parents have produced only 35 homozygous
progeny in establishing the strain.
T here Is reason for great hope that this strain
can be made int o a fit strain through proper
manipulation. The fecundity of some of the females
Is comparable to that of the multiple marker
strain (86 eggs) and In some cases the fertility of
the homozygous females has been 95 percent
when outcrossed and 83 percent when bred with
homozygous males.
The transmission of the translocation has been
determined from various types of mating combinations. The results to date are given in Table I.
This indicates that the transmission characteristics
are favourable for the possible use of this translocation In a control program.
The figures on recovery of homozygotes from the
mating of two heterozygotes (Table I) are taken
from the strain after it had passed through the
bottleneck of the homo~ygote. Once this Initial
selection had been passed, It was considerably
easier to recover homozygotes. Fecundity and
fertility of the homozygotes have, In general,
increased, although they are not yet at an acceptable
standard. Colonies of the homozygote strain are
being maintained at Notre Dame and will be sent
to Mom basa once they are well established.

As reported in t he previous Annual Report,
the decision to raise and release a mixture of
50% males heterozygous for a single male-linked
translocation (AT I :2 n @ M) and 50% males
heterozygous for two different sex-linked translocatlons (AT I :2 n @ MfAT I :3 f@ m) was reached
in December. The stocks of both translocation
lines were multiplied as quickly as possible ancl
th e multiple marker Afrlcanlzed (MMA) stock was
also expanded.
The translocations for release were both tightly
linked to the sex-linked marker wild type for rust
eye. In the case of the AT I :2 n M translocation,
the pseudollnkage between t he markers for the
translocation (wild for rust eye and' Jwlld for spot
abdomen) was 376/376 = 1.00. Accordingly, less
than 0.27% of wild e ye male progeny of a known
heterozygote would be crossovers and possibly
non translocated. Fu rthermore, less than 0.81%
of wild-eye male progeny of wild-eye sons of
a known hetero;z:ygote would be crossovers and
possibly non-translocated. This level of possibl e
non-translocation Introduction was considered
tolerable. Further analysis of the pseudollnkage
of this translocation will permit a more accurate
assessment of the non-translocation introduction
In the releases.
In the case of the I :3f @ m translocations,
the pseudolinkage between wild type eye and
wild type black-tarsi is 185/190= 0.97. For genetic
crosses, the presence of both pseudolinked markers
Is necessary to guarantee the presence of the
translocation.
Based on larval survival and egg hatchability
data collected over the preceding six months,
the scheme for production of the release mal es
was devised and space allocated In the genetics
room and mass production room. Table I lists
the types of crosses set. To control the effect of
any contamination, every cross was set In a series
of gallon cages Instead of a single population cage.
For ease of handling, plastic basins for rearing 200
to 300 larvae were used.
Genetic selection from the progeny of each of
the four preparatory crosses was required (see
Table 2). For the pupal selection the staff was
quite experi enced and new members were readily
trained. The selection of adults was more exacting.
The wild type black-tarsi and the mutant black~tarsl
phenotypes were often difficult to distinguish,
especially in females. The females of the multiple
marker $tock were all black-tarsi mutants, yet

the expression had come to resemble the wild
type, Illustrating the probable occurrence of an
evolution of dominance.
The genetic crosses were either set by the
geneticist or under his direct supervision. The
adult progeny of each day's crosses I, 2, and 3
were examined and checked for possible contamination. Two instances of contaminated groups
were found, and In both cases the contamination
was eliminated before they could be used In other
crosses. The checking of adult phenotypes dally
provided the critical control point In the entire
production operation, in the effort to avoid and
contain any contamination in the series of genetic
crosses necessary for the releases.
Pupal selection alone was applied to progeny
from crosses 4 and 5, and this was done In the
interests of managing all the other work carefully
with the staff available. (Table 2). By avoiding the
adult selections, only a slight amount (less than
0.81%) of non translocation males would be
Included among the release males.
As a final check on the quality of Individuals
taken for release In the field, a sample was taken
at approximately ten-day Intervals, and these
males were mated with wild type virgin females
of the strain collected in the release village before
any releases. The results are entered in Table 3.
On two occasions the phenotypes of the release
males were checked, and on both occasions, the
mixture was approximately 50% of each type of
male.

Single Hererozygore

Double Heterozygote

87
29

93
2-4

19 March
- June

Furthermore, a sam ple containing 13 single and
double heterozygotes was mated with 40 virgin
multiple marker females. The results Indicate
transmission from both types of males In equal
frequency with 95% of males carrying the M·linked
translocation and 33% of females carrying the
m-linked translocation, based on I0 I progeny.
During the course of the release, a problem
developed with the feeding of the larvae, and,
until new food was available, a considerable loss
of the stocks occurred. In order to augment the
release males of the mixture, a second line was
Initiated for release, and this line was the expanded
stock of the single heterozygote AT I :2 n @ M.
This stock was released only when the number of
males ofthe mixture was below 1000.
Dusted males were released during the first
six weeks in order that they could be identified
in collections In the field. Each day the group
was dusted with a different colour or combination
of colours, for a period of ten days In a colour
cycle.
The objective of the rearing scheme was the
provision of approximately 1000 males daily on a
long term basis. The actual numbers of males
released and their colours are given in Table -4 for
the period 29 March-14 May.

Table I. Scheme of crosses necessary for continuous daily production of I ,000 males heterozysous for two translocatlons AM/ Am
1,000 males heterozygoU$ for one translocation AM

Cross

No. coges
per day

Expected
yield of

Adults

x

eggs

required

(60!i1!i!

20~o)

Expected
yield of No. adults
odulrs
needed

Preparatory crosses In genetla room:
I. MMA x MMA
120 x 40
2. MMA x M A
120 x 40
3. .0. m x MMA
60 x 20

2
2
I

7,200
7,200
3,600

MMA ~
AMd'
Amd'
Am !j1

1,940

4.

5

18,000

Am ~

20

72,000

AM/ Amo
AM

MMA x Am
300 x 100
Production cross in mass production room:
s. Am x AM
1200 X400

2,000
1,750
750

8
7
3

1,+40

4,800

16

2,160

2,000

8,100

27

140
140

Ad11lt Selecrlon

Pupal Selection

I.

Marker Stodc {0'0'-1-!i!~)

eye
rust

2.

I :2n @ M(O'O') •
I:2n @' M(O'd') • •

3.

abdomen hind torsi
spot

black-tarsi

wild
wild

w!ld

black-tarsi

I:lf ({i m(~O')
l:lf @ m(!jl!jl)

wild
wild

spot
spot

black-tarsi
black-tarsi

4.

I :3f @ m(!j!!j!) • •

wild

s.

I :2n @ M{~d')
I :2n (ii M/1 :Jf m(d'O')

wild
wild

•To renew cross 2.
• •For use In cross 5; excess for release If necessary.
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No. pont
per day

-«O
IOO J
100 !?
1,200

sao

Table l. Genetic Marker Selec;tlon for Crosses
Cross Translocation

540

No. 1st
in stars
set

Tobie 3. Qu:allty Control of Release Malel
Dote

Cross
~!f x

II April

Table 4. (con't.)

Hatchability

aa

Chibarlnl (60)

969/1016= 93%

X

II April

3
0

20
21

DR
DG

420
624
291

4

25

HGHR.
HG
DY

322/1021 = 32%

(25)

Chlbarlnl x Chibarini

608/631 ... 96%

26
27

S3fi58= H%

28 April
29

(19)

30
I May

Chibarini X Chibarinl

Chlbarlni

756/829 = 91%

2

(2S)
X

3

Mixture

72/113

4

64%

5
6

(25)

Chlbarinl x Chlbarlnl

7

302/305= 99%

8

(25)

9

Chibarini X Mixture

10

162/<156= 36%

II

(25}

12
Chibarini X Single
(50)

DGHR

402
657
1326
1005

Released

5
3
4

8
92

47

384

2

8S8

16

1005

4
27
6

(17)

Chlbarlnl x Mixture

(SO)
16 M:ay

633
0

Chlbarinl X Mixture

(70)
16 May

HR
HY

00

(50)
16 May

18 April
19

DGDR

(70)
I M:r.y

Death

23
24

(37)
I M:ay

Number•

22

(34)
22 April

Colour

Chibarinl (25)

(60)
22 April

Date

Hetero2:ygote

HR
HY
DR
DG
DO
DGDR
DGHR
HGHR
HG
OY
HR
HY
DR.
DG
DO& DY

*29 March-8
9, 10 April

II April- 14

Table 4. Release Males at Chibarani

804

29

1000
1059

147

1140
1200
1002
1005
1590
1200
1020
450
10~0

13
I.of

180/362= 50%

1005
83<1

1325

29
9
3
8

9
9
4
25
4

0
3

April Single M-linked hetero:ygotes only.
Mixture 75%-25% Single :and Doublo.
M:r.y Mixture of 50-SO% Single and Double.

Dote

Colour

Number *

Death

29 March
30 March
31 March
I April
2

HR

729

5

DG

900
621
1086

Annex 4.

HY
DR

7
2

Movement of Mosquitoes Between Vi/ages

DO
DG,DR
DG,HR

1275
777
420

6

HG, HR
HG

7

DY

228
708
795

8 April
9

HR.

3
4

s

HY

903
1000
1000

10

DR

II

DG
DO

297

13

DGDR

288

I .of
IS

DGHR
HGHR

16
17

HG

<417
1278
1017

DY

963

12

444

12
13
7

Releoud

Paul T. McDonald
Studies on movement of domestic Aedes aegypti
between villages have been completed since the
last Annual Report. A total of nine releases were
made. Newly-emerged adult males and females
of the RABAI DOMESTIC strain were released In
various numbers with in and at measured distances
from the center of Kwa Dena village. A sketch
map of the area Including the village Is Included
as Figure I. The release poi nts located at 400
meters and 800 meters from the center of the
vllla~e are also indicated on the map. T he dally
han ing-bltlng catches were done bh two men,
each spending thirty minutes In eac of the 14
houses of the village.
The recoveries of the mosquitoes r eleased
within the village In the L-B catches of the nine
days subsequent to release are given In Table I .
Generally the recovery was quite good except
for I December's release. This release has been
excluded In analysis of movements into the village.
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The estimate o( Immigration was done as follows:
Number Entering

=

Percent Released (Outside) Entering =

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

On the basis of the foregoing calculations, the
percent released entering from various distances
from Kwa Dena have been determined for distance
of 200m. 400m. aoom. for both males and females
(Table 2). According to this, immigration drops
off sharply with distance, and 800m. should be an
effective distance for a barrier between villages.
The different directions of immigration has
been associated with varying levels of immigration,
with the predominate Immigration from the
downwind dlrectlon-(Table 3). The movement
into the village was mostly from the SW, opposite
to the predominating monsoon from the NE
during the period of the release experiments.
Table I. Recovery of marked mosquitoes within Kwa

Release Dare

9. November 73
16. November 73

Female$

49%

21%
32%
24%
32%
21%
36%
37%
34%
35%

29. December 73
II. January 7'1

28.

55%

12.

December 73

January 74
5. February 74
14. February 74

D~na

Moles

52%
10%
41%
28%
53%

I. December 73

X No. Marked (Outside) Captured

No. Marked (Inside) Released
No. Marked (Inside) Captured

'13%
59%

Table 2. Marked mosquito entering Kwa Dena

Moles
200 m

IV

47%

v

55%

I

32%
24%

II

400

m

Females
800

m

200m

400 m

42%
43%
1%
1%
2%
0.3%

VI
IX
VII

45%

39%

6%
10%

6%
2%
0.9%

O%
0.2%

VIII
Average

800 m

40

1%

Table J. Marked
NE-Monsoon

200m

t

0 .4%

0. 1%

mosquitos~

42%

6%

0.7%

entering Kwa Dena during

400 m

BOOm

19.8% 10.3%

lB% 10.5%

O.S%f0%

62.3%

4 .3% 3.3%

0.8% 0.5%

---82%
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TERMITE RESEARCH
Directors of Research:
Professor M. Luscher ( 1970)
Dr. W. A. Sands (1973)

Scientists:
Dr. R. H. Leuthold (1971 -

1974)
Dr.
Dr.
Mr.
Mr.

F. C. Mathez (1973)
G. W . Oloo (1974)
K. M. Wanyonyl (1971)
0. H. Bruinsma (1974)

Collaborators:
Dr. C. J. Heather (1974)
Fine Structure
Dr. M. Kaib (1973) Electrophysiology
Dr. G. D. Prestwich ( 1974)
Chemistry
Dr. S. Takahashi (1973-1974)
Chemistry

BEHAVIOUR
INTRODUCTION
The survival of termites, all of which live In
complex societies, must require an efficient commu~
nlcatJon system. Recent studies show that the
mechanisms underlying such communication are
primarily tactile and olfactory. The use of pher~
mones by termites and other social Insects Is very
extensive (LUscher, 1970) and, If clearly understood,
might be taken advantage of In controlling harmful
species. Thus, termite behaviour research at the
ICIPE has concentrated on the orientation and
communication mechanisms of foraging termites.

within the boundaries of which the termites
vaguely keep on course (for details, see the comparative study below). This principle explains the
more scattered distribution of foraging workers
on overcast days com pared with the rather
bundled pattern when menotactlc orientation takes
over.
If the direction of the chemical trail Is well
separated (e.g. by an angle of 90°) from the trained
azimuth, a I 00% menotactlc orientation Is observed
when there is a central light source (turntable
and mirror experiments), whereas trail orientation
is performed when the sky is overcast. When
clouds cover the sun but blue patches of sky are
visible, the outcomers follow the azimuth of the
trained direction (whether the pattern of polarized
sky Is the cue for orientation Is a matter for further
Investigation). If the trail Is shifted only a little
from the trained direction (22°), the termites
leaving the nest In full sunshine, first pursue the
chemical trail and then change over to sun orientation. The returning termites first keep an Intermediate course and then run according to sun
orientation.
To summarize, optical orientation dominates
over chemical orientation In clearly segregated
alternative situations. Chemical trails influence the
orientation if their active area overlaps with the
path determined by optical cues. With decreasing
strength of the optical stimulus, the chemical
means of orientation gains Increasing dominance.
Termites going out from the nest tend to use
pheromone orientation more readily than returning
termites.

Memory
Memory for the homing distance has been
proved by means of displacement experiments.
Returning fora~ers displaced from food baits
far from home (100 em) walk significantly further
before they stop orientating than do those displaced
from food baits near home (40 em).

Orientation and Communication in the
Harvester Termite Hodotermes Mossambicus
Menotaxis (fight compass orientation) and trail pheromones
Menotaxis has been shown to be a major factor
for the above-ground orientation of outgoing
and returning workers during harvesting activity
if optical conditions are suitable. Optical conditions
are provided by sunshine, moonlight or artificial
light at night.
Pheromone trails are established by outcomers.
Trail-dependent chemical orientation Is essential
when optical cues are lacking (e.g. overcast sky
or moonless night), as proved In turntable experi·
ments by shifting the trail through an angle of 90°.
Using extracts from different tissues, It was demonstrated that the sternal gland produces the
trail-active substance. This was expected from
work on other termites. The trail-following behaviou r, however, dlffer:s from the conventional
type. Whereas In other termites that have been
studied, a trail Is perceived on rather close contact
and followed tropotactlcally as a firm line, In
Hodotermes It acts as a gradient chemical zone

Structure and Function of Sternal and Tergal
Glands
The sternal gland: polymorphism and pheromone
bloassays
The two systematically unrelated termite species

Trinervitermes bettonianus and Hodotermes mossamblcus are both rare exceptions with regard to the
caste polymorphism of their sternal glands. In
Hodotermes an enormous gland hypertrophy Is
found In the swarmed male wher~as In Trlnervltermes a similar phenomenon is foun·d In swarmed
females. In contrast to Hodotermes, the Increase
of glandular size In Trlnervltermes Is accorn·panied
by multiple Increase of the gland's trail-laying
activity (Leuthold and Luscher, 1974).
A comparison of the volume of the sternal
gland in the various castes of T. bettonfanus showed
the following ratios:- worker : newly dealatf:
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male : newly dealate female = approx. I : I0 : 65,
The corresponding trail-activity exhibits the much
higher contrast of approximately I : 70 : I ,200
respectively.
The Increase In physiological trail activity
between worker and female alates Is about 20
times larger than the Increase In glandular volume.
This Indicates a relatively higher capacity of either
the pheromone producing or pheromone storing
organelles of the gland. Ultrastructural comparative
analysis of these glands promises to reveal fundamental principles of the pathway of pheromone
production. Cooperative Investigation of this problem is now progressing with the collaboration of
Dr. A. Quennedey in Dljon.

Behavioural Association of the Sternal and
Tugal Glands
In a series of behavioural investigations It was
that caste polymorphism of the
sternal gland In T. bettonlanus is reflected In the
caste's specialized behaviour. Only the workers
take part actively in exploration for food and In
recruitment. They are the only ones that lay
foraging trails. The -soldiers with their almost
vestigial glands do not lay discernible trails. The
large sternal glands of the imagines reveal their
function during courtship behaviour. The female's
sternal gland, together with the tergal gland, Is
exposed during "calling" for the attraction of the
male. After meeting, male and female dealates
perform their so-called "tandem-run" (the behaviour of close following of the female by the male).
During the tandem-run the female's sternal gland
Increases the affinity of the male to the female.
The very strong pheromone trails established by
both sexes when walking enable the couple, If
disconnected, to join again.
A further series of experiments demonstrates
the relative significance of both the tergal and
sternal glands in the female. From Isolated glands
as well as glandular extracts It Is shown that the
tergal gland dominates male attraction at distances
from I0 to 2 em, whereas attraction at less than
2 em Is dominated by the sternal gland. From a
cross experiment compari ng both workers' and
imagines' sternal extracts in both competitive
trail bioassay with workers and sex-attraction
bioassay with males, evidence points to the trail
pheromones of workers and Imagines possessing
Identical properties.
d~monnrated

Chemical Analysis of Hodotermes Trail
Pheromone
A quantitative laboratory bioassay for trail
pheromone extracts has been designed With
consideration of the particular mechanism of
trail-following response as mentioned above. After
we had established this routine test, our chemist
succeeded in the stepwise chemical purification of
the pheromone to the extent of obtaining a fivecomponent mixture that contains the trail-active
component.
Preliminary work on purlficcrt/on. A portion of
abdominal sternlte IV and V, including the trail
pheromone gland, was excised under the microscope and extracted with methylene chloride.

A solution of I00 glands In I00 111 methylene
chloride was bioassayed and shown to be active:
10 J.ll solution containing 0.01 glands spread over
20 em trail, was followed I00% by workers.
The gland extract was chromatographed on
TLC. The TLC was developed with I% ether in
n-hexane and divided Into 5 portions. R.F 0.25 "' 0.45
showed activity.
The whole body extract of 800 workers was
collected and concentrated. This extract had an
activity of 0.0 I "-' 0 .1 worker/1 0 111 (IS + out
of 20), and gave ISO mg of crude oil. The oil was
hydrollsed with KOH in methanol at room tempera·
ture. The non-saponifiable layer showed activity
at 0.04 workerfiO j!l. (16 + out of20, yield 34 mg).
The active crude sofutlon was lowered In activity
by the addition of a drop of Br2 In CCI 4• The actlvlvity was tested after purification.
The activity was retained after collecting through
GLC at 150° for 20 minutes using either I0%
S.E.- 30 or 5% Carbowax 20M (Column 3 mm x lm).
Bioassay. A group of large and small workers
was collected from the field In Kajiado, Kenya,
and kept In a container with moist soli.
The bioassay was carried out on a blank paper
with double Y· shaped lines. The room was kept
under red light, constant temperature, and a high
relative humidity. On the lines marked with
on
a drawing, 5 J.ll of the sample solution was spread
evenly with a capillary. A certain number of
workers In a small box was placed at Point 0 at
the bottom of the Y. One worker in each test
was allowed to enter the testing maze and was
twice given a choice between following lines+ and
lines - .
Collection. At night, when workers came out of
the nest to forage, they were collected. Extraction
was done with methylene chloride (1,755 workers).
The crude oil was then hydrollsed with KOH In
methanol to remove the lipid. The non-saponifiable
part was then chromatographed on silica gel
(100 g, 60 ""' 80 mesh). The portion eluted with
5% ether in n·pentane was collected; and crude
oil obtained from the eluate was chromatographed
on TLC (silica gel 0.25mm, precoated by Merck).
first, Rf 0.05 "' 0.6 was collected as the active
portion by development with IZ ether In n·pentane.
This was repeated, and Rf 0.05 "" 0.45 collected
by a second TLC. The solution of mg/ml gave
I00% response (20
out of 20 tested) .
This active fraction was subjected to preparative
GLC, usi ng a 3mm x lm glass column packed with
5% Carbowax 20M on Chromasorb W, AWftDMCS
6o-80 mesh at ISO%. The fraction collected between
0 and 20 was active In the bioassay. Since this
active fraction contains several components, further
purification by preparative GLC is necessary.
The pheromone Is suspected to be an unsaturated
alcohol of the molecular weight of 250-300, Un·
fortuhately, our chemist left the ICIPE before
accomplishing the chemical Identification of the
pheromone; however, he hopes to finalize this
work In his laboratory In Japan using extracts
prepared here.
The relative trail activity of the extracted sternal
glands of various castes was determined by means
of the bioassay. No significant difference was found
between major workers, minor workers, soldiers,
and swarmed females. Extracts of swarmed males,

+

+

however, revealed no trail activity In the range
of concentrations used for the test. This Is In
striking contrast to the size of the sternal gland :
the volume of a male gland Is approx. 30 times that
of a female and 700 times that of a major worker.
The glands differ from each other in shape and
structure and histological sections of the glands
prepared In Bern reveal such exceptional features
that experts in termite ultrastructure In Prof.
Ch. Noirot's laboratory In Dljon Immediately
become interested in collaboration on th is
problem. The ongoing cooperative work With
Dr. A. Quennedey will contribute an interesting
chapter to his comparative survey of the ultrastructure of termite sternal glands.

Importance for survival. There also exists, however,
a second high priority requirement, the balanced
production of Individuals of different castes which
evidently constitutes the basis for the division
of labour within the colony. Although studies
on lower t ermites Indicate caste development
Is under hormonal regulation (Luscher, 1960:
Wanyonyi, 1974), corresponding Information on
higher termites is fragmentary or even lacking.
In addition to observations on colony comp9sltlon
in the fleld, attempts have been . made to rear
lower and higher termites under laboratory
conditions and to study factors which control their
caste development.
·

Net Structure and Mature Colony Composition
of Odontotermes

A Comparative Study of Trail Pherome
Mechanisms

A study of 3 nests permit.s the following description Fig. I. The external eVidence of a nest Is
a number of chimneys, which measure about -4-10
em In diameter and which may be up to 64 em deep.
They do not open directly Into the nest.
The nest consists of many chambers (II to 68)
of very variable sizes. Most of the chambers contain
fungus gardens In which the termites live. A few
chambers have been found empty. In two nests
with 11- 15 chambers each, there was one central
chamber larger than all the others at the bottom
of which the royal cell was located. In the third
nest, with 68 chambers, there was no evidence
of a central chamber.
In all three cases studied, a single royal cell with
one physogastrlc <JUeen and one king was found.
Larvae were the most numerous, followed by the
workers.
Although the chambers closest to the royal
cell harboured most of the eggs, there was no
indication that the composition of Individuals
varied from chamber to chamber. The function of
the empty chambers Is unknown.
These studies will be extended to cover a 12month period so as to obtain detailed Information
of a complete seasonal cycle.

Hodotermes mossomblcus workers follow artificial
pheromone trails In a manner which differs from
that of Schedorhlnotermes /amonianus and other
termite species. They do not stay in close contact
with the trail as do the other species but walk
sinuously, recrossing the trail regularly. This
observation indicates an osmokllnotactical orientation, I.e. the ter mite orientates up an odour
gradient towards the higher concentration.
Experiments have been carried out in an attempt
to prove the osmoklinotaxis. The antennae of
Hodotermes workers are moved horizontally. The
orientation of termites with one immoblllsed
antenna does not differ significantly from those
with one amputated antenna. In both instances
the horizontal movement of the remaining or
Intact antenna increases and overall progress Is
slower due to Increased deviations. After immobilislng or amputating both antennae, the termites
are no longer able to follow a trail.
As with other termite species, Schedorhlnotermes
workers follow trails In very close contact, trying to
keep the trail between the antennae. This Indicates
an osmotropotactical orientation In which the
termite compares the sensory Input from both
antennae and moves forward keeping both inputs
equal. Theoretically, one would expect that the
amputation of one antenna would prevent trail
following. This Is not the case however, directly
after amputation the termite turns away from the
trail towards the side having the intact antenna
and follows the t rail sinuously fo r a certain distance.
After a short period however, it reverts to following
the trail in a straight line, but to one side of it.
The antenna under these circumstances now moves
horizontally. lmmobilislng one or both antennae
has no effect. These results Indicate that Schedorhlnotermes workers use an osmotropotactical orientation, but are able to switch to osmoklinotaxls
after the loss of one antenna. This swltch•over
however, appears to be Incomplete.

Rearing Under Laboratory Conditions
Incipient coloni~s of Odontotermes were establi~
shed in sterilized soli In aluminium pots and kept
at 29°C± I°C, ca. 80-90% r .h. The colonies were
watered from time to time, and when workers
were observed to be foraging on the surface for
food they were provided with suitable food materials.
Of about 500 colonies so established between
the 6th and 8th November 1973, 32.4 are still being
cared for in the Insectary. About one thi rd of these
colonies have been observed foraging. Examination
of I I of the foraging colonies three months after
their establishment gave the following compositions:~ Table I.
Similarly a large number of Hod~termes colonies
have now been successfully established. We also
have a few colonies of Microtermes which are doln~
very well and have recently started to breed

CASTE FORMATION

INTRODUCTION
We have noted earlier that . communication
within the termite society Is of fundamental

Mocrotermes subhyoflnus.
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SECTION THRO. NEST OF OOONlOTERft£5

A CI05ed Chimney
B Open Chimney
C lntorconectlng lChannels
D Royal Cell
E Fungus Garden
Table J. Composition of 3-month·old Incipient colonies of Odontotermes (18.2.1974)

Original Co/any
Number
I.
2.

3.

4.
5.
6,
7.
8,

9.
10.
II.

FI06
Fl20
F212
F246

No. of
larvae

No. of
workers

No. of
presoldlers

No. of
Soldiers

Total

17
23
24

25
20
25

3
3
3

45
46

19

14
27
26

2
3

35
52
55

33

3

35
30

3
3

55

32
16

3

59

F247

22

F255
F280
F281
F282
F283A
F283B

27
23
29
22

24
20

Odontotermes Endocrine Glands

2

..

51

59
67
40

camera Iucida drawings of the glands were made
at a fixed magnification.
The magnification was accurately determined
with the help of Thoma counting chamber whose
small square Is equivalent to lf400mm 1• The area
of the drawing was determined with the use of
Coradl Cora-Senior Planimeter. Since the magnification factor is known, the actual cross-sectional
area of the gland can be calculated. The mean
value In a series of serial, sagittal sections was taken
as the size of the gland.

The endocrine glands of an Odontotermes larvae
have been described In the first report. They
Include the corpora cardlaca, corpora a/Iota and
the moult or prothoraclc glands. We have now
attempted a comparative study of the size of
these glands in various castes of the termite.

Materials and Methods
The materials and the histological methods
remain the same as already described In the first
report.
Serial sections of the required termites were
~tudled using Wild M20 stereomlcroscope and

Results and Discussion
The sizes of the corpora cardlaca In the castes
Investigated are shown In Table 2.
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Table l. Corpus Cordlacum size (Cross·sectlonal area In

~t)

Larvae

Presoldiers

Soldiers

Workers

I.

781.25

923.61

1562. 50

906 .25

2.

958.30

1161.75

937 . 50

3.

1156 .25

1453 .13

1072.92

4.

1500 .00

1619 .: 0

1171 .86

5.

1604.00

1625.00

1171 .86

6.

1999 .50

Mean 1333.22

the possibility of worker differentiation occurring
under low juvenile hormone titer must be consl·
de red.
According to Table 4, the moult glands of Odontotermes are largest In soldiers but . smallest In
workers. The sizes of larval and presoldier prothoraclc glands lie between the two extremes.
Table 4. Moult or Prothoraclc Gland size (Cross-soc:tlonal
area J,l~).
Larvae

Presoldlt!!tS

Soldler1

Workers

I.

1612.31

1083.25

3487.50

522.32

2.

1060.13

1125.00

8750.00

714.88

1171 .86
1356.66

1562.50

1072.04

Results show no significant size variations In
the corpus cardiacum from caste to caste. It may be
recalled that the function of the crHpus cardlacum
Is to store neurosecretory material from the pars
lntercerebalis of the brain. Our histologiC"al technique has so far not been aimed at demonstrating the
presence of neurosecretory material. The function
of the corpus cardiacum as an endocrine gland In Its
own right has not been Investigated in termites.
Our present studies show that the corpus cardlacum
probably does not play a significant direct role
In termite caste development.
The corpus allatum, however, shows Interesting
size variations as summarized in Table 3.

3.

1515.63

790 .65

4.

1703 . 13

820 .31

5.

1195.31

6.

1206.25

Mean 1336.22

1356.75

6118.75

874.95

Since only sagit tal sections were made for these
measurements, presoldlers and soldiers which
possess elongate heads probably show higher
values of prothoraclc glands size than they should.
Examination of the cellular structure, however,
clearly indicates that the prothoraclc glands of
presoldiers possess larger and more granular cells
than those of larvae and soldiers, while the prothoraclc glands of workers have small and degenerate
cells. It can be concluded that the prothoraclc
glands of presoldiers probably actively secrete
moulting hormone necessary for the soldier moult.
Had more larvae been dissected, one would expect
to flnd similarly active cells in those larvae approaching the moult stage.

Table 3. Corpus Allotum size (Cross·sectlonal area In J.11 )
LarvQe

Presoldlers

Soldiers

Workers

I.

539,06

3500.00

906.25

48-4.38

2.

567.71

4572 .92

500.00

3.

713.54

4832.15

510.42

4.

828 .1 3

5765 .63

520 .92

Group Effect and Reaction to JH Analogues

5833.33

687.25

Effect of artiflclally Increasing a colony's population
In Hodotermes
12 Incipient colonies each . received the larvae
and eggs (but not the adults) of another colony.
When the resulting populations were compared
to control colonies six months later, It was evident
that artificially increasing the incipient populations
had Induced no changes. The experimental populations and their composition were not significantly
different from the control colonies.

5.

976 .56

6.

1046.88

Mean

n8.65

796.88
4900 ,81

906.25

583.31

The corpus al/otum Is largest in presoldiers,
smallest in workers and intermediate In size
In larvae. Since the presoldiers stage Is short
and transitional (presoldlers are destined to
develop into soldiers with!n about 14 days), it
can be Inferred that the formation of the soldier
In Odontotermes requires a high level of Juvenile
hormone. Although we cannot indicate when the
corpora al/ata become adequately large to produce
the juvenile hormone required for soldier differentiation, our results support existing evidence
that, In lower termites, a high juvenile hormone
titer Is necessary for soldier differentiation.
It Is not possible to make a similar conclusion
with regard to worker differentiation. But since
half of the workers fixed were only lightly pigmented and probably still yo ung as workers,

The lnffuence of Soldiers upon Coste Determination In
Hodotermes
A total of 84 colonies, half containing I soldier
each and the other half being control colonies
lacking soldiers, were scrutinised approximately
ISO, 175 and 200 days after swarming. No significant
differences were noted between colonies with
or without soldiers.
Effect of}. H. Analogue Applications on Hodotermes
Applications to very young colonies have not,
as yet, Induced the formation of soldiers. However,
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depending upon the concentration of analogue
application, the hormone may prove lethal · to
adults, larvae and eggs or may cause females to
oviposit three times the normal quantity of eggs
all of which are infertile.

addition of presoldlers results In the formation
of replacements or the eventual elimi nation of
supernumaries respectively.

Pre.so/dier Formation In Hodotermes
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London, 2+4-247.
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Scrutiny of Incipient colonies over an extended
period indicates that the time taken to produce
the first presoldlers In colonies varies considerably.
The first presoldier appeared I00 days after flight
whilst some colonies still lacked presoldiers after
200 days. Furthermo re, the number of presoldiers
In each colony showed considerable variation.

Effe"cts of Altering Preso/dier Content of a Colony In
Macrotermes
Pilot experiments Indicate that the presoldler
population is maintained as a definite proportion
of the population as a whole. The removal or
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In a calico bag on each ear of a rabbit. Unattached
ticks were removed the following day. After a
certain number of feeding days the single ear
bags were removed and the number of ticks
reduced to 50. A large ear bag was then placed
over both ears of the rabbit, thus permitting tick
migration.
In the first experiment male ticks were placed
on the left ear of 7 rabbits, and groups of males,
females, or nymphs on the right ear. Ticks were
allowed to feed 5 days before the ears were put
together. The . results of this experiment (Fig. I)
showed 60% (30/50} migration of male to female
ticks within days. There was no migration between
male ticks and nymphs: migration of females to
males was negligible. Sites where other ticks
had fed had no attraction. Ticks of each sex clustered
at the various feeding sites rather than attaching
at random.
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joint Project (on R. appendlculatus)
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INTRODUCTION
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~

Ticks are among the most Important vectors
of disease of man and his livestock, and in East
Africa the disease caused by .Theileria parva, known
as East Coast Fever (E.C.F.), Is the most serious
disease of cattle, causing high mortality In unprotected cattle. E.C.F. is transmitted by the brown
ear tick Rhipicephalus appendiculatus and very
expensive measures, Including the frequent dipping
of cattle in acarlcldes, must be taken to protect
stock from the disease. Little Is known of the
physiology, and less of the ecology, of R. appendicu/atus and for th is reason a study, Jointly undertaken by workers at I.C.I.P.E. and at the East
African Veterinary Research Organization, at
Muguga, has begun.
The work falls under two heads; physiology and
ecology. In both cases we are trying to study those
aspects of the biology of R. append/cu/atus that
seem to us most likely to yield results that may be
of Importance In helping to devise non-acaricidal
methods of control of the tick.
Soft ticks (Argasidae) are also Important In the
transmission of disease and part of our work
concerns especially Ornithodoros moubata, the
vector of human relapsing fever, a disease of
considerable Importance In Africa, and also of
swine fever, All this work so far has been physiological.
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CONDITION OF RIGHT EAR

Fig. / . Percentage of males R. oppendlcu/otus migrating to
right ear of rabbit within 2 days.

The production of attractant by female ticks
and the response of male ticks to It was investigated
with relation to feeding periods of both sexes
ranging from 0 to II days. It appeared that male
ticks that had fed for more than 3 days were more
readily attracted to femal es than those fed for
fewer days (Fig. 2). Similarly, female ticks fed
3 days or . more exhibited a greater attraction
for males (Fig. 3). It Is suggested that the male
ticks are attracted by a sex pheromone, as has
been shown for other Ixodid tick species (Berger
et al., 1971). The apparent attraction of males to
males shown in the first experiment is the first
suggestion of a male-produced pheromone Inducing
aggregation in male Ixodid ticks. Additional
experiments indicate that females also produce
a pheromone that Induces assembly of females

PHYSIOLOGY
RHIPICEPHALUS APPENDICULATUS

Sexual attraction
Expe riments were carried out on the movement
of partially fed R. appendiculotus ticks toward
other ticks of the same species. The general procedure of the experiments was to enclose 80 ticks
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Photo. I. Dlfferoncos In sl%1'1 betwoon fully engorged m:l.tod (A) and partially engorged virgin (B) R. appllrldicu/atus females .

...

E

E

I
Photo. 2. Developmental differences ba twe t~n roproduetlve systems of fully engorged mated (A) and partially engorged virgin
(B) It appendiculotus females four days after dropping off tho host. Eg = Eggs; SA = Semlnal receptacle and accessory
gland ; OV- Ovary; Ovi=Ovlduct. Same scale for both A & B.
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by placing filter paper In a container of virgin
females overnight. The general method of assay
for the presence of P.heromone was to use a glass
T-tube, which stood upright on the table. The
disc of filter paper (from the container of females)
was Inserted Into one arm of the T, and clean
paper was placed In the other. An unmated male
(of appropriate age and feeding condition) was
allowed to climb up the tube. When he reached
the top of the tube, observations were made on
(a) his flrst choice of arm, and (b) the length of
of time spent (within 1 minutes) In each arm.
This gave Information on attractant and arrestant
activity of the test paper.
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Chemical studies (on R. Appendlcu/atus and

1t

other ticks)

NUMBER OF fEEDING D AYS OF MALI!I

The chemical Isolation and Jdentiflcatlon of the
sex pheromone of R. append/cu/atus was carried
out as follows. Virgin females (ca. 7000) were
fed on rabbit ears for six days and then removed
and frozen. Simple washing of the Intact, frozen
bodies with ether gave an extract wh ich was active
In the T-tube bioassay.
Extraction of the Initial ethereal female washing
with I N ~odium hydroxide left an Inactive organic
phase; acidlflcatlon and ether extraction of the
aqueous phase yielded an active, acidic fraction
(Fig. 4). Further washing with aqueous sodium
bicarbonate, to remove carboxylic acids, left a
biologically active ether solution which should
contain weak, organic acids. Gas chromatographic
examination of this material showed the presence
of only two major, volatile components (I m x 3mm
glass column, 5% Carbowax 10M, 150°). These
had retention times indistinguishable from those
of phenol and p-cresol and direct gas chromato·
graphic and mass spectral comparisons with authentic samples of phenol and p-cresol provided
unambiguous identification of both compounds. In
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Fig. 2. Effect of length of foadlng period of males on tho
percentage mi&ratlng to females. Females had fod 4
days when first exposed to males.
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An in vitro method of bioassay of the sex attractant was designed and standardized. In developing
thi~ method the pheromone material was obtained

Figure 4. Tick Pheromone Extraction Procedure.

*All activity cf the or iginal ethGr washings are found In this
frnctlon. (R. appendlculotus and R. pulchellus).
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two such Isolation experiments, the p-cresol
recovered amounted to ca. 3.5 ng per female while
the phenol content ranged from 4.5 to 13 ng.
Fig. 5 shows comparative TRtube bioassay results
for the original ether washings, a mixture of
phenol and p-cresol (I.e., "synthetic pheromone")
and solutions of phenol and p-cresol alone. From
the results summarized In the figure, we conclude
that the mixture of phenol and p-cresol can account
for the attractlvity of the natural extraet. Furthermore, In contrast to observations on some Insect
species whose pheromones are mixtures, the
Individual phenolic components also show activity,
although there Is some suggestion that It may
be less than that of the mixture.
Washings from unfed females did not contain
significant amounts of pheromone, Implying either
that they do not yet contain these compounds,
or that they do not release them until they are
ready to mate. Male washings show no comparable
activity.
Migration of male ticks to females, when each
Is placed on a different ear of the same rabbit,

Is a very slow process. The movement of 60% of
a group of 50 males to the female-bearing ear
requires two or more days. For this reason It was
not possible to employ the assay method of Berger
(Berger 19n), who applied pheromone d irectly
to the skin o( the host.
In similar experiments, active washings of virgin
female R. pulchellus were also found to contain
phenol and p-cresol (In a I :5 ratio). These compounds again accounted for all of the obser ved
pheromonal activity. Similarly, 2,6-dichlorophenol
serves as a sex attractant for Amblyomma maculatum
and Dermacentor var/ab/1/s (Berger 19n). Recent
studies on R. sanguineus and Boophllus microp/us
(Chow et a/. 19n) also Implicate as yet uncharacterlzed phenols as female pheromones. In view
of the apparent lack of receptor specificity, and
the observati on of Inter-specific matlngs among
Ixodid ticks, It may well be that the pheromonal
vocabulary of these arachnids Is restricted to this
group of simple aromatic compounds.
The phenols from several other species of ticks
were characterized. In all cases virgin females
were fed on a rabbit host for six days. The females
were then frozen and extracted with ether. The
phenols were extracted by the procedure described
for R. oppendlcu/atus (see above). The results are
summarized in Table I.

Effect of mating on engorgement in females
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It Is known that the females of a number of
Ixodid tick species will not complete engorgement
unless mated (Nuttall, 1913; Sonenshlne, 1967;
Pappas and Oliver, 1971: Feldman-Muhsam and
Borut, 1971). If they remain unmated, they may
stay attached to their host for some weeks. This
has considerable Interest with regard to direct
pathogenesis resultant from tick feeding or indirect
pathogenesis due to tick paralysis (e.g. Dermacentor
anderson/), or the transmission of disease agents
(e.g. R. appendlculatus). In the case of D. andersoni
paralysis of the host may continue for several days
If th e female tick Is not removed, even though
she may not engorge appreciably. Evidence given
by Gregson (1967) suggests that even after 9 to
14 days of attachment on the host there may be
an active flow of toxic saliva from female D. anderson/
Into the host. Once mated, female ticks complete
engorgement and hence stay on the host for
only a few days. Mating Induces engorgement, and
the Increased flow of blood Into the tick may flush
the toxin from the host (Balashov, 1965). These
observations indicate the Importance of precise
Information on the factors Influencing feeding
in the hard tick.
In view of the above observations it was decided
to Investigate the role of mating stimuli on the
completion of engorgement by R. append/culatus.
Both the mechanical and the chemical stimulus
of mating affecting the completion of engorgement
of these females will be Investigated:
To obtain a base line of variables In partially
engorged virgin (PEV) and fully engorged mated
(FEM) females, some female ticks were placed in
an ear bag on one ear of a rabbit whilst others
were placed together on the other ear. The ticks
were allowed to feed for eight days. During this
period, the ticks were examined dally, and those
that had either engorged and dropped, or had not

attached, were removed. On the eighth day all the
female ticks were collected and observations
were made on their weight, colour, egg development (by measuring the diameter of the S largest
eggs), size of seminal receptacle, and distribution
of spermiophores In the seminal receptacle,
oviducts and ovary.
Observations were also made of changes In
weight, egg development in the oviduct and the
ovary, and sperm distribution on day 0 to day 4
after the FEM female had dropped from the host.
Table 2 demonstrates the striking differences
between virgin and mated females after 8 days of
feeding. Whereas the FEM females are tanned grey,
the PEV females are yellowish brown In colour.
The average Weight ofan FEM tick (347.0 ± 2.36mg)
Is twenty-fold over the average weight of a PEV
female (16.9±2.67 mg). There is a three-fold
Increase In size of an FEM female over a PEV female
(Photograph 1). Because of the presence of sperma-

tophore(s} in a fi:M female, Its seminal receptacle
Is three times larger than that of a PEV female.
A gradual development of the eggs Is observed
(Table 3) In the FEM females that have dropped
from the host. The average egg size Increases from
I 06± 18 JJ.m on the day of dropping to 427 ± 60 11m
on the fourth day of dropping. However, on the
fourth day eggs 498±37 JJ.m In diameter were
observed in the oviduct (Photograph 2). In a few
observations the ovlposlted eggs measured about
600 J.tm. The colour of the eggs from day 0 to day 4
ranged from white to brown. In the PEV females
egg development was almost nil, even 4 days
after dropping (Photograph 2). The eggs were
white and the average egg size was 95±4jlm.
The colour of the FEM female ticks did not
change over the four-day period after dropping.
A decrease in average weight was observed from
day 0 to day 4 since dropping. This Is probably
due to water loss and excretion.

Table I. Phenolic Compounds in hard tick$ In nanograms per Tick

Species of Tlt:k
I.
2.
3.
4.
5.
6.

Number Washed

Rhipicephalus appendlculatus
R. pulchel/us
R. compa$ltus
Amblyomma omericanum
A. varletatum
Hyalomma truncatum

Salicylaldehyde

7,000
2,700
1,750
1,900
523
459

Phenol

p..Cruol

4.>13
1.8
3.2
4.6
52
67

0,3.
0,3.
3.6
7 .5

2,6-Dich/oropheno/

3.5
10
1.1
2.9
47
4.4

2.2
16
2.2

•Identified by glc retention tlmts only.

Table 2. Comparison of virgin and mated femalu after 8 days feeding

Femalu

Seminal Receptacle

Ere •

Condition

No

Average
Weight

Colour

Size

Sperm Appearance

(J.lm):f:S.E.

Diameter

(mg)

17
II

VIrgin
Mated

Yellow Brown
Tan Grey

(mm):I:S.E.

16.9± 2.67
347.0± 2. 36

95+4
106±18

0

+++

0 .47±0.03
1.38±0. 13

Collapsed
Inflated

*5 largest eggs per female.
;:I:S.E. of tho moan.

Table 3. Changes occurring In the ma.ted ftsmalcs after dropping off the host

Egg Size U!m) *

Females
Days after Detachment
0
I
2
3
4

Seminal
Sperm

Receptacle
(S.R) Diameter

Number

Average
W•lght (mg)

In O'liduct
:i: S.E,

in Ovary
± S.E.

(mm)± S.E.

S.R.

II
2S
II
14
20

347.0±2.36
304.7±18.61
341 .0±37.20
290±30 .01
242.3±16. 30

No no
None
None
None
498±37

106± 18
212:1:84
289± 114
382±91
427±60

1.38:1:0 .i3
I.S:f:0.06
1.4l ::f:0.08
1.28±0.06
i.32±0.05

++++
++++
+++
++
+

•s largut eggs per female,
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Oviduct
0

+
+
++
+

Ovary
0
0
0
0
0

Sperm from . the seminal receptacle of a FEM
female were first observed migrating near the
end of day I. About SO% of the spermlophores
had migrated Into the oviduct by day 3 since
dropping from the host. Only on day I, when the
eggs In the ovary were still whitish, were spermlophores occasionaly observed in the ovary. Spermia·
phores In the oviduct were slightly active. An
ampulla-like structure is located about one-third of
the length of the oviduct from the ovary. This
ampulla Is normally filled with motile sperm by the
third day after the tick drops from the host. By the
fourth day very few sperm were observed in the
oviduct or sperrnatophore(s) in the seminal receptacle. On th is day the walls of the spermatophore
were globular giving the appearance of degenera·
ration. Also at this time a granular homogeneous
secretion was observed In the seminal receptacle.
Up to 4 spermatophores In such cases were of
decreasing size suggestive of mating with a single
male tick.
During the past few months effortS have been
made to Investigate the effect of mechanical stimulus
of copulating males on the parameters of weight
and colour of females. Genitalia of fed males and
PEV females were blocked With balsam:paraffin
mixture (I: I ratio) (Pappas and Oliver, 1972) and
then put on rabbit ears for reattachment. Preliminary results indicate that with just the mechanical
stimulus of copulating males, PEV females will
engorge about seven to eight fold their previous
weight. Under no rmal conditions the average
weight of a FEM female tick (347.0±2.36 mg) Is
twenty fold over the average weight of a PEV
female (16.9± 2.67 mg).
Experiments are now underway to Investigate
the effect of chemical stimuli from copulating
males upon the feeding of females.

ORNITHODOROS MOUBATA AND OTHER
ARGASID TICKS

one sector (No. 4). The remaining 3 sectors had
clean papers. At the beginning of the experiment
I0 ticks were placed In the centre of the dish.
When the test discs contained saline extract
of the assembly material, the control discs were
clean or contained 0.5 ml of 1-20% NaCI and were
also air-dried. Since the normal tendency of ticks
is to go to the edge of the dish, the discs were
placed about I em from the periphery.
The tests were carried out in a dark-room at
28± 2°C, Variable humidity was provided by
damp cloths placed around the tray contain ing
the open test dishes. Observations under a red
light were made at half-hour Intervals.
Our experiments Indicate that female 0. moubata
produce a material that induces assembly of males
(Fig. 6). Male 0 . moubata also produce an assembly
substance to which males respond (Fig. 7).
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Assembly in 0. moubata
The presence of pheromones In soft ticks was
flrst reported in the fowl tick Argas persicus (Leahy,
Vandehey, and Galun, 1973). The present study
Investigates the possibility of such a pheromone
In 0. moubata, the vector of human relapsing feve r
and swine fever. Additional experiments consider
the relation of possible receptors of the ticks to
Its perception of the pheromone.
The first method for obtaining assembly material
was to place fllter paper in the container of recently
fed ticks. After 2 days or longer the papers were
removed and then bloassayed for the t icks' response
to them. As an alternative method, ticks were
washed In saline. These washings were then transferred to clean discs of filter paper, alr·drled , and
bioassayed .
Since aggregation In 0 . moubata could not be
detected by the method for A. pers/cvs, we Introduced the following adaptations. Petri dishes (9 em)
were divided Into 4 sectors, each sector with
discs of fllter paper, 1.5 em. Three paper d iscs
on top of each other provided sufficient material for
definitive bioassay.
At assay of the assembly material, discs that had
previously been exposed to ticks were placed in

.3
SECT OR

Fig. 6.

OF PETRI

01511

Summary of 6 el(porlmcnu showing aggregation of
males 0. mouboto to discs with female pheromone.

Various other materials were also tested: water,
saline, and saline washings from fl ies (Sarcophaga),
termites (Hodotermes), and ants (Pheldole) . None
of these induced assembly of males.
Papers previously exposed to about 200 virgin
females were washed In 4 ml pentane. One ml
of the wash ings was transferred to clean discs,
air-dried, and tested against males, The original
papers were then washed in ether and the same
procedure followed . A th ird washing was made
in acetone, a fou rth in methanol , a fifth In water,
and the last In saline.
The results of the extraction studies are shown
In Fig. 8. When tested for male assembly, there
was no activity from washings of pentane, methanol,
acetone, ether, or water; however, when the
original papers were finally washed in saline, the
latter showed high activity.
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Assembly In 0 . tholozani

O/o

II)

The major vectors of tick-borne human relapsing
fever are In the genus Ornithodoros. The report
below demonstrates the presence of an assembly
pheromone In the carrier of Asiatic relapsing
fever, 0. tholozani.
0 . tholozani is considerably smaller than 0 .
moubota and it does not aggregate unless the discs
are situated about t ln. from the periphery of the
dish. The test discs contained saline washings
from about 15 ticks.
Male 0. tholozanl tend to assemble at discs with
saline extracts from either females or males (Fig. 9),
but not at discs with saline only. Females also
respond to assembly material produced by either
males or females (Fig. I0).
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Washings from

The effect of temperature change on saline
extracts of assembly material was considered.
Papers with extracts that were held at 4°C for
48 h or I00°C for 5 min retained their activity.
An experiment was designed to determine
whether the ticks detect the pheromone when they
were unable to make physical contact with the
pheromone-impregnated discs. A cylindrical d ish
(9 em) was fitted with a screen (0.3 mm thick,
:2.3 mesh/em) 0.5 em above the floor of the dish .
This separated the ticks below from the discs
on the surface. After taking readings, the screen
and dish were washed and the position of the ticks
and papers was reversed. As a control the test
was carried out without the screen.
This experiment demonstrated that the ticks
did Indeed assemble under circumstances in which
they had no direct contact with the pheromone
papers: therefore, It would seem that the pheromone Involves an olfactory component.
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Fig, 10. Assembly of female 0 , tholozonl at discs with saline
cxtracu of either females or males.
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tested against male or female A. perslcus t hey
assembled at the papers of both. In the reciprocal
test, male A. perslcus aggregated at the test discs
of both male and female A. brumptl.

Assembly in Argas brumpti
Kenyans claim t hat the bite of th is tick causes
pain and sickness (Hoogstraal, 1956). Because of
the large size of the t ick, petri dishes 6 Inches
in diameter were employed and discs were placed
-!· ln. from the edge. Extract from 15 ticks was
used In each test.
Figures II and 12 show that A. brumptl aggregates
both Inter-and Intra-sexually.
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Fig, /3. Inters-pecific; respon$e to pheromones of A. perstcus
and A, brumpri.
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Fig. II. Re$ponse of male A. brumpc/ to ext racts of eit her
females or males.

Male 0 . moubata reacted to saline extracts of
male and female 0. tho/ozani and A. persicus. The
attraction appeared stronger within the genus than
between the genera.
Ofthe three species, 0. tholozani males responded
the least to the other species. There seemed to be
no difference between their responses to 0.
moubata and to A. perslcus.
Male A. perslcus appeared more attracted to
extracts of 0 . tholozanl than to those of 0 . moubato.
A. perslcus had the highest rate of assembly In the
Interspecific crosses. This may be a reflection of
Its own high assembly rate (Leahy et a/., 1973).
When one or more ticks find the pheromone discs,
their presence may act as an additional factor in
the resultant aggregation.
In general, males of the three species responded
more readily to extracts of heterologous females
than to those of heterologous males.
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The effects of ecdysone, juvenf/e hqrmone and
thefr analogues on 0. moubata

4
T1ck washin gs

Kitaoka (1972) reported oviposition- inhibitory,
super moultlng and killing effects on engorged adults
of 0. moubota by Ponasterone A, ~-ecdysone and
lnokosterone at doses ranging from 0.5-10 11g
per ml of blood Ingested through an artificial
membrane. He also observed moulting In nonmoulting nymphs fed on an insufficient amount
of blood or non-blood meal. The aim of this study
therefore, Is to Investigate the effect of ecdysone,

IN SECTORS
DISCS
MATERIA L ON
Fig. 12. Respon~e of female A. brumpc/ to ext racts of either
females or males.

lnterspeci(tc responses
The results of heterologous experiments are
shown in Fig. 13. When A. brumptl males were
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juvenile hormone and their analogues on 0. moubata
and R. appendicu/atus.
Adult 0. moubata were fed attlflclally through
bat wing membranes on pig's blood In which
~-ecdysone or Ponasterone A had been Incorporated
at doses ranging from l~.d to SJ.LI/ml of blood.
The ticks were kept Individually and observed
for supermoultlng, mortality or egg laying.
Supermoultlng was observed with both ~-ecdy
sone and Ponasterone A. With Ponasterone A, at
a dose of SJ.LI/ml of blood, almost 100% mortality
was observed. Experiments are underway for more
data.

used immediately. Fresh preparations were made
for each experiment.
When preparations were made of each lobe of
the accessory gland, each lobe was removed with
clean forceps from 3 accessory gland complexes and
placed in 10 J.ll of saline solution. {The areas where
the lobes join the base of the glands were discarded).
Each of the preparations was then homogenized
and centrifuged.
Routinely about 2 to 3 J.LI of sperm suspension
was mixed with ; to J.LI of accessory gland homogenate (or saline or buffer In the case of controls)
on a glass cover slip. The cover slip was then
Inverted over a depression slide and sealed with
hot wax. Elongation was observed In the phase
microscope at 12-hour Intervals thereafter.
0.5 "'' · of I mgfml bovine pancreatic trypsin
(crystalline) In 0.1 M HEPES-KOH buffer, pH
1.6 with 10 mM CaCI2 added was mixed with
2 J.ll of an accessory gland extract and maintained
at room temperature (24 to 27°C). At the end of
one hour, this solution was mixed with 0.5 J.ll
of 10 mg/ml soybean trypsin Inhibitor In the same
buffer and then assayed for capacity to Induce
elongation. As a control, 0.5 J.ll of Inhibitor solution
was mixed with 0.5 J.LI of trypsin solution and 2 J.ll
of accessory gland extract, and Incubated for the
same period as the trypsin solution.
Results and discussion. Whole spermatophores
were stolen from copulating ticks before the male
placed them in the female's genital opening. At
least one of these was not contaminated with coxal
fluid. These spermatophores were then everted
(see Feldman-Muhsam et a/. 1973) and were
maintained on Parafilm in a moist chamber. In
all cases, sperm elongated as they would normally
In the spermatophore In the uterus of the
female tick.
Spermatophores collected in a similar fash ion
were broken open in a few J.ll of saline solution and
maintained as a drop on Parafllm In a moist chamber.
These sperm also elongated normally.
Sperm were then dissected from the vasa deferentia of the male and combined with extracts
of male accessory secretions as described above.
These sperm also elongated normally and often
developed motility, especially If they had been
suspended In calf serum. Dilutions of the accessory
gland ext racts were also assayed. Since greater
than 3-fold dilutions were usually Ineffective,
the amount of elongation-promoting material
in the extracts was evidently not large. Control
preparations, I.e., sperm mixed with homogenizing solution only, never showed more than 5%
elongation.
These results imply that the initiation of sperm
maturation in the female Is due solely to contributions from the male's accessory glands and not to
any Influence from the female.
Assays of extracts of each of the different lobes
of the accessory glands revealed that 3 out of the
8 lobes, those designated A, B. and C by WagnerJevseenko (1958) (Fig. 14) and most likely homologous with the anterior dorsal, posterior dorsal,
and third lateral granular lobes of Argas perslcus
(Tatchell, 1963), are the only lobes capable of
Inducing elongation. Extracts of lobe B evinced
the most marked elongation,

Sperm capacitation in 0 . moubata
Tick sperm undergo a complicated morphogenesis In the male until they reach an "Invaginated"
state at which point morphogenesis ceases. After
the sperm have been transferred to the female,
they evaginate, becoming twice as long as they
are In the male, and acquire the capacity for motility.
These processes take 2 to 3 days Inside the spermatophore within the uterus of the female (Samson,
1909; Robinson and Davidson, 1914); WagnerJevseenko, 1958). Wagner-Jevseenko suggested
that the development of the sperm of Ornithodoros
moubata In the uterus might be stimulated by
secretions of the male's accessory glands, which
are combined with the sperm during ejaculation.
The work described below sets out to test this
suggestion.
The factor(s) responsible for development of
the sperm In the uterus does Indeed come from
the male's accessory glands. Sperm taken from the
vasa deferentia of the male will mature in vitro
without any contribution from the female if the
secretions of the male's accessory glands are added
to the sperm. The active principle Is present In
no more than 3 of the 8 different lobes of the
accessory glands, and appears to be most concentrated In one of these lobes. The active principle
Is heat-labile and trypsin-sensitive.
Materials and methods. Ticks used were vlrlgln
male Ornithodoros moubato reared on rabbits In the
ICIPE Insectary.
Male ticks were routinely dissected In "arachnid
Ringer" (Rothschild, 1961) or Calliphora saline
{Barrldge, 1966). Vasa deferentia were excised as
much Intact as possible and placed on "Parafllm"
In a moist chamber, removing as much Ringer as
possible. 5 to IS J.LI of the sperm medium (see
below) was then added, In which the vasa deferentia
were broken open. After the sperm were forced
out, the walls of the vasa deferentia were removed.
Various artificial media were assessed as dlluents
for the sperm, but rarely survived more than 48
hours In these media and often died within 24
hours. Unheated , sterilized calf serum (Oxoid
Tissue Culture Serum NO. SR. 41) routinely allowed
sperm to survive more than 72 hours, thus permittIng full elongation and the development of motlllry.
Accessory glands were removed whole and
excess Ringer removed. 4 to 6 glands were homogenized In 10 to 15 J.LI of a saline solution or In
0. 1 M HEPES-KOH, pH 7.6, with 10 mM CaCI 2
added. The homogenates were centrlfu~ed to
remove most of the Insoluble material and were
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VENTRAL

Fig. 14. Drawings of tho dorsal and ventral aspects of the accessory alands of vi rain male 0. mouboto. Letters lndlc:~te the different
lobes as designated by Wagncr-Jcvsocnko (1958). ' = left member of a pai r of lobes, w - right member, s.v. - seminal
veslcle.s.
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Accessory gland extracts were heated in sealed
capillaries for 30 to 40 min. respectively at 95°C
(temperature of boiling water in Nairobi). Elongation occurred even after this treatment.
An extract of accessory glands Incubated with
I mgfml trypsin . for one hour Induced much less
elongation than the native extract, although slightly
more than the control assay. Probably the factor
promoting elongation is destroyed by trypsin .

ECOLOGY
A long-term study of the population of R. appendfculatus in an experimental plot.
The aim of the work is to study the components
of the environment of R. appendfculatus that may
influence Its abundance and distribution.

ME.THODS
Two paddocks, each of about 2 hectares were
made available at E.A.V.R.O. Muguga. A thorough
check, by dragging a cloth over the vegetation
and by exposing cattle in the paddocks, showed
that they contained only very few R. appendiculatus. One of the paddocks served as a control
and cattle are not grazed In it regularly. The other
was the experimental paddock.
In October 1973 five cattle, artificially Infected
with E.C.F. were Introduced Into the experimental
paddock. On that day each animal was Infested
with approximately I I ,000 nymphs and 20,000
larvae of R. appendlculatus. One week later, a
further 20,000 larvae and 2,000 nymphs were
applied to each of the surviving animals. All the
animals were examined each day. For one animal
In turn the whole body was examined and all the
ticks were counted fn situ and recorded separately
for the various parts of the body. On the other
cattle only the ticks on the ears were counted.
By the thirtieth day four of the cattle had died
and the survivor was removed.
After 37 days, when It was estimated that nymphs
and adults would be starting to moult from the
larvae and nymphs that had fed on the Infected
cattle, flve more cattle, susceptible to E.C.F.,
were introduced into the paddock. They were
examined as descri bed above until they too died
of E.C.F., when they were replaced by successive
groups of susceptible cattle. So far 13 such groups
have been exposed.
During the year two groups of cattle Immunized
against E.C.F. by different methods have also been
exposed In the paddock for field challenge, using
some of the susceptible groups mentioned above
u controls. All the immunes survived the challenge
during exposure for 60 days In the paddock for
each group. All the ECF susceptibles 12{12 In the
flrst group and 8/8 in the second group, died of ECF.
In order to assess the distribution of t icks both
paddocks were marked out in equal-sized plots
(100 In the experimental and 125 In the control).
Sampling the vegetation for active ticks was done
by dragging a blanket over the plot and by sweeping
with a net (Milne, 1943). Three plots are randomly
chosen from each paddock (once a week for the
control and three times a week for the experl-
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mental). Sampling Is done at 08.30, 12.00 and 15.30
hr. Larvae nymphs and adults caught are counted
and a sub-sample preserved to check for the
presence of other species.
Various live-traps for mammals are set In both
fields In alternate months. Captured animals are
identlfled, anaesthetised, searched for ticks, marked
and released. The ticks are preserved and Identified.
The development and survival of the th ree
lnstars under nearly natural conditions are being
followed . Samples of engorged larvae, nymphs
and adulcs from the experimental cattle, together
with laboratory-reared specl men fed on rabbits,
are put out at regular intervals In gauze-plugged
tubes In the grass at the edge of the paddock In
both open and shaded sites.
In June-July 1974, three E.C.F. susceptible
cattle were exposed In the control paddock for
40 days to see If there were any E.C.F.-Infected
ticks.

RESULTS AND DISCUSSION
The tick population in the Infested paddock.
Adult ticks were rarely collected from the vegetation, and their numbers were able to be assessed
only on the cattle (Table 4}. Larvae, on the other
hand, are readily sampled from the grass and
accurately counted on the net or blanket (Fig. 15).
but are difficult to find on the host when not
engorged, and impossible to count accurately.
Nymphs can be sampled both from the grass and
on the host but can be counted accurately on the
host only on the ears, which are not their main
site of attachment (fig. I5, Table 4).
Adults were detected In the first sampling
(December 1973) and their numbers reached a
maximum In April 1974, at the beginning of the
long rains. Nymphs showed a small peak In numbers
in January 1974 and much larger numbers In
October. Larvae appeared briefly In March 1974
and again In late May, reaching peak numbers In
August. All larvae seen In 1974 must have been
bred In the paddock. The first nymphal peak derived
from the larvae Introduced originally, the second
one from the Indigenous la rvae. Similarly the first
adults must have come from the original Introduction of nymphs, with subsequent recruitment
from the first nymphal cohort of nymphs (Fig. 15).
Survival in the relatively cool and well-vegetated
conditions at Muguga is certainly high, and the
adults, In particular, have tended to maintain a
relatively uniform level of activity. Larval and
nymphal activity can therefore be expected to
level off If the supply of hosts continues as at
present.

Sites of attachment

of

R.

appendlculatus

on cattle. The counts of the numbers of larvae,
nymphs and adults on different parts of the body
In relation to the season (before, during, or after
the long rains) have been analysed and show significant differences. The Immature ticks seem to
attach close to the place on the body where they
brushed against the cattle, and this Is higher on
the body when the grass on which they were
waiting is longest. The general pattern of distribution agrees with the findings of Yeoman and
Walker (1967) and Baker and Ducasse (1967).

MEAN NUMBER OF BHIP!CEfHALU§ APPENDICULATU§ ON CATTLE CO~TED
DAYS 11 -1.5 OF EXPOSURE IN THE PADDOCK, CORRELATED WITH RAINFAlL
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Table 4. Moan number of Rhipicephalus appendic~Jiaws. Ticks per animal per day recorded on days 11-15 of cxposvrc, (Susa.ptlble
cattle only)

Group
Numbl!r

Number
of
Animals
per
Group

Period

5

1.1.745.1.74
23.1.7427. 1.7-4
13 .2.7+17.2.7-4
23.2.74-27 . 2.74
13.3 .7417 . 3.7-4
12 .-4 .7-415 ..... 7..
3 . 5.7-4-

II

2

Ill

3

IV

2

v

s.

VI

4

VII

...

Adult!

Adu/u

Nymphs

Nymphs

an
Ears

on
Body

on

on

Lorvae
on
Ears

Larvae

f.ars

Body

35.9

9.0

2,5

29.2

0.0

0.0

71.8

37.6

1.3

100.-4

0.0

0 .0

91.1

-48 , 1

0.7

-40.1

0.0

o.o

107, 8

25.4

0.1

35 .8

0.0

0 .0

134.8

11.2

0. 1

10 .8

0.0

0.0

311.3

82. 8

0.0

3.1

0 .0

1.6

207. 9

80.7

0.0

2. 8

0.0

o.s

21 . 5 .7423 . 5 .74
15 .6 .7419 . 6.7-4
8 . 7 . 74-12.7.74

131 . 9

16.9

13 . 1

11.7

90 ,5

61.2

54 .5

50.4

13.8

-40.4

268.0

455 . 5

91 .0

62.4

n.2

153 . 9

1129.6

1660 .7

on

Body

7.5 .74

VIII

.

IX

2

X

2

XI

2

4.8.7+.

92. 8

61.6

75 , 7

223 .9

222-4.2

-4966.6

2

8 . 8 . 74
28.8 .74-

66.7

58.1

119.5

279.1

4565.1

9445.4

10-4 .-4

313.0

615 . 8

1&47 . -4

664 .5

2658.2

185 .4

741.5

2-479 .8

9918.3

208.8

835.3

XII
· ·XIII

..

XIV

..

7.9.71t

4.10.7-48 . 10.7-4
5.1 I .7-49 . 11.7-4

TableS. Ticks on wild mammals captured on the study area-November 1973-0ctobcr 197" In 1578 trapnlghts (Large traps)
and 1929 trapnight.s (Small traps)

No. of
different
Individuals
caprured

Hose

Total
capCIIref

No. of
occasions

Rhlplcepholuf
append/cu/otus

Other
Rhipicephalus

animals

Haemaphysalis
spp.

Ixodes

spp.

1/ckr

Infested
wllh ticks
A

Whlto-talled Mongoose

13

20

II

N
20

L
8

A

N

L

A

N

8

I

349

3

..

..

L A
I 10

N L
4 3

(lchneum/a alb/cauda)
Sliver-backed J!lckal
(Canis mesome/as) *
Zorllla (lctonyx strlatus)
Striped ground 5qulrrel

26
5

4

5

5

s

6

5
5

2

2

2

19

22

2

12

13

..

4

I

(Xerus erythrop11s)
Domestic cat (Fells catlus)
Large spotted genet
(Genetta tlgrlno)
Shrew (Crocldura sp.)
Groove-toothed rat
(Otomys sp.)
Unstrlped ira$S mouse

(Arvlconthis obysslnlcus)
Domestic dog (Canis fomiliaris)
Striped

g~

•~The

animal was run over by

mouse
(L.emnlscomys sp,)

i!.

9
16

71
6

..

2
II

6

91

56

4

2

2

2

2

7

2

...

vehlcla 200 metros from the paddock.
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3

Collection of ticks from the vegetation.
Samples of larvae and nymphs from the vegetation
showed similar trends to the approximate data
from counts made on the cattle. There were no
significant differences between the numbers caught
by sweeping or dragging and there were no slgnl~
ficant differences In the catches of ticks when
sampled In the morning, at mid-day, or In the
afternoon. No Immature ticks were ever caught
in the control paddock.

Ticks on wild animals. The results of collecting
ticks from wild hosts caught In the study area
are shown In Table 5. Most harboured ticks, but
only the white-tailed mongoose, the large-spotted
genet and the domestic cat were found to be
carrying R. appendlculatus apart from a si ngle larva
on a zorllla.
Exposure of E..C.F.-susceptlble cattle in
the control paddock. Three cattle were exposed
for a period of 43 days, by which time 2 had died
of E.C.F. and the third had also become infected,
but recovered. The following ticks were counted
on the cattle:- R. appendlcu/atus, R. hurt/, R.
slmus, Boophilus decoloratus. The R. appendlcu/atus
Increased In numbers In the last 18 days, and It Is
suspected that many of them were brought into
the paddock on the clothes of the assistants examining the cattle.

CONCLUSION
There Is no doubt that a flourishing and stillincreasing population of R. appendicu/atus has
become established in the paddock from the
Initial seeding, and that nymphs and adults are
readily capable of Infecting susceptible cattle with
E.C.F. whenever they are put into the pasture.
Further studies should throw light on the
development and survival of all stages under the
conditions prevailing In the paddock.
Evidence so far Is that wild animals play a small
part In maintaining the population, and their
Importance may lie In their carrying unfed, Infective
ticks passively Into or out of the paddock, and that
these may Infect a susceptible bovine host.
So far the density of cattle in the paddock has
been maintained at a very high level. Future
studies will aim at an assessment of the influence
of the density of hosts on the survival and multiplication of a tick population.
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TSETSE RESEARCH
mating is necessary to Initiate the process. Saunders
and Dodd (1974) additionally report that transfer
of sperm Is not necessary to initiate ovulation but
the duration of mating experienced by the female
Is an Important factor in the control of ovulation.
Foster (1974) reports that ablations of median
neurosecretory cells Inhibit ovulation In Glossina
austeni. Whether the ablation removes the source
of a stimulatory hormone or interferes with
nervous pathways necessary for hormone release
at some other site Is not known.
Thus, the physiological events leading from
copulation to ovulation in tsetse flies are not
known clearly. Because the ovulation, In a real
sense, Is the initiation of the tsetse reproductive
cycle, a thorough knowledge of this event is of
Importance not only because of the uni<:JUeness
of the method of reproduction but also because
the low biotic potential of the tsetse reproductive
process represents a potential weakness that might
be exploitable in terms of control.
The objectives of this research proJect, are to
examine In detail the physiological events related
to ovulation and to determine the factors responsible for the Initiation and regulation of ovulation
in the ts~tse fly. Attempts will be made to determine the relationshi p of ovarian development
and mating to ovulation and analyse elements In
the mating process that are responsible for the
initiation of ovulation. The exact role of the
median neurosecretory cells and corpora allata
In the control of ovulation will be investigated;
the cyclical activity of the neuroendocrine system
during the first pregnancy cycle will be studied
and any correlation of such event with ovulation
will be investigated.
This report describes the phase of research
which Is examining the relationship of ovarian
development and mating to t he ovulation in the
tsetse fly, Glossina morsitans morsltans.

REPRODUCTIVE. PHYSIOLOGY
(Glossina morsitans)
Directors of Research:
Professor Thomas R. Odhlambo (1970)
Professor Jan de Wilde (1970)
Scientists:
Dr. F. B. Chaudhury (1974)
Dr. D. L. Denlinger (19n-1974)
Mr. T. S. Dhadialla (1973)
Mr. J. Kawooya (1973)
Collaborators :
Dr. W. C. Ma (1972)
SALIVARY GLAND PHYSIOLOGY (G. mors/tans, G.
pallidipes and G. austeni)
Director of Research:
Professor Thomas R. Odhiambo (1970)
Scientists:
Dr. L. H. Otieno (1973)
Dr. A. Youdeowei, Research Associate (1973)
ISOLATION MECHANISMS (Glossina

pallidipes)

Director of Research:
Dr. Wlm Heile (1971)
Scientist:
Dr. van Etten (1974)
Collaborator:
Mr. J. Kawooya (1974)
SOUND PRODUCTION
Director of Research:
Professor A. R. M0ller ( 1973)
Research Assistant:
Miss I. E. C. Erickson (April to June 1974)

MATERIALS AND METHODS
Flies used for the present study were obtained
from the ICIPE laboratory colony and were reared
and maintained under conditions described by
Denlinger and Ma (1974).
To study the relationship of ovarian development
to ovulation, female flies were either kept virgin or
were allowed to mate with 7 to IS day-old males
2 days after emergence. Files were ke-pt In small
polystyrene cages and offered a blood meal dally
(except Sundays) from rabbit ears (Nash et. at:,
1966) and were dissected at various ages In Calliphora saline to determine the stages of ovarian
development, the presence or absence of sperm
in spermathecae and whether ovulation had
occured. The ovarian development was scored by
measuring the length of the first developing
follicle and the length of the yol k material therein
and expressing the measurements In ratio. A
chorlonated egg was considered to have a ratio
of one.

OVULATION
(Glossina morsltans)

INTRODUCTION
Tsetse flies exhibit adenotrophlc viviparity with
such peculiarities as reduction of ovaries to two
ovarioles each, maturation of one egg at a time In
alternate ovaries, successive ovulation of single
mature egg Into the uterus, subse<:jUent in utero
development of the embryo and the deposition
of full grown larva. As each larva is deposited,
another mature egg is ovulated, fertilized, hatched
and t he cycle Is repeated.
The fact that the egg Is not released from the
ovary Into the uterus In virgin females whereas
the mated females are normally ovulated (Odhlambo
J971, Sa1.1 nders and Dodd 19n), indicates that
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In order to study the effect of delayed mating
on ovulation, female flies were allowed to mate ·12
days after emergence and were dissected either
immediately after the completion of copulation
or at various time-Intervals thereafter to check
Insemination and ovulation.
To study the effect on ovulation of mating with
spermlc males, the males were first made aspermic
by allowing them to mate with different females
repeatedly for 10 to 14 times. The last mated
female was then examined to determine whether
insemination or ovulation had occured.
The effect of multiple but brief matings (pre·
venting any sperm transfer as well as spermato-

~

~

phore formation but allowing prolonged mating)
on ovulation was studied by allowing 12-day-ofd
females to mate with a series of fresh unmated
males for consecutive specific periods not exceeding
15, 20 or 30 min. In copula for each male and an
accumulative period of up to 90 min. In copula
for a female. Females were dissected after 24 hours
to determine whether ovulation had occured.
Control females In each case were dissected Immediately to check any spermatophore formation.
Unless otherwise mentioned, calculation of the
percentages in the above experiments are based
on the observation made on 20 Insects In each
treatment.
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Fig. I. Mean yolk/follicle length ratio In mated(-- ) and virgin(---) Glossina morsltans morsltons. Vortlcalllno Indicates
tho range of the ratio In tho females of Indicated age and 1.00 on tho ordinate Indicates the presence of a chorlonated
egg.
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RESULTS

Observations on the delayed-mated females
indicate that a female with a mature egg in the ovary
is capable of ovulatl~~ within a few hours following
mating. In fact, 65% ovulate within 12 hrs and
100% within 20 hrs.
Results also Indicate that there Is no significant
difference In the development of the first follicle
In the mated and virgin females.

Observations on the ovarian development In
vi rgin and mated females are presented In Fig. I,
w hich shows the ratio of the length of yolk material
to the length of the entire follicle of the first
developing egg to reach maturity In the . ovary
ofO to 12-day-oldvlrgln fe males and 3 to 12-day-old
mated females. At emergence the yolk material
occupied about one third of the length of the
follicle. The Incorporation of yolk material steadily
increased as the fly grew older. The flrst chorlonated
egg was observed In 5 day-old females (both virgin
and mated); however the number of females
possessing chorlonated eggs at this age did not
exceed 20%. The number of females with flrst
chorlonated eggs increased steadily with age until
at 9 days the percentage was above 90. On rare
occasions abnormal foll icular growth was observed
when not enough yolk deposition and no chorlonat ion took place even although the age of the Insects
ranged from 9 to 12 days.
Percentages of the 5 to 12 days mated females
having a chorlonated and ovulated egg are presented
In Fig. 2. No ovulation was observed In 5 day-old
females even though 20% of them had a chorlonated
eg§· The youngest flies showing ovulation were
15~ of 6 day-old females, even though more than
40 ~ of them possessed chorionated eggs. Eighty
percent or more of the 7 and 9-day-old females
had chorlonated eggs but all these did not ovulate.
All of the 9 to 12-day-old females which possessed
chorlonated eggs had normally ovulated.
rig. 3 shows the ovulation pattern In fe males
mated when they were 12 days old. None of the
females ovulated during the +hour period following
mating although they all possessed chorionated
eggs. Only I5% females had ovulated 8 hrs after the
completion of mating. Thereafter however percent
ovulation increased until at 20 hrs after mating
all had ovulated.
Res ults of the mating with asperm lc males are
summarized In Table I. All of the females copulated
with aspermlc males ov ulated normally. Although
sperm were absent in the sper mathecae and uterus,
spermatophore formation might have had occured
In the uterus as evidenced by observations on the
control insects. No spermatophores were present
In th e uteri of the ovulated females.
Table 2 shows that 12-day~old females, wh ich
were allowed to mate repeatedly With fresh
unmated males for short durations and accumulate
mating experience, were able to ovulate successfully. Observations on the control insects Indicated
that such repeated matings with fresh males for
short durations prevents sperm transfer as well
the spe rmatophore formation.

Fie. 2. Per tent mated females of Gloss/no morsltans morsltons
with chorionated (0- 0-0) and ovulat ed (X-X-X)
eggs at indicated age. Females were allowod to m;.te
two days after emergence,
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Fig. 3, Per cent mated females of Glossina morsitans morsitans
ovulated after 0 to 24 hrs post copulation. Females
were allowed to mate 12 days after emergenea.
Table I. Ovulation In 12-day-old female Glossina morsltons
morsitons when mated with aspermlc males. The sperma·
thecae and uteri of all test and control Insects were devoid
or sperm.

DISCUSSION
The results of the investigation show that ovulation In the t setse fly is dependent on the availability
of a mature chorionated egg in her ovary as well
as copulation. Altho ugh the female normally copulates 2 or 3 days after emrgence, a "mature"
chorionated egg Is not available for ovulation
until she Is about 8 or 9 days old. It Is probable
that newly chorlonated eggs observed in some
younger females are not ready to be released until
further maturation.

Mating No. for
Mole Used
10 th
II th
12th
13 th
14th
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No. of Females
Mated

No. of Females
Ovulated

II
8
5
5

II
8

4

4

s
s

Table l. The effect of mating 12~da.y-old female Glossina
morsltans morsitans repeatedly with fresh unmated males,
for varlou' short durations, on ovula.tlon, VIrgin controls
showed no ovulation. Control females experiendng uninterrupted mating with single male ovulated. Dluactlon or two
matad females from each ofthe above test groups Immediately
after the mating was Interrupted revealed no spermatophore
In the uteri.

Duration of
Individual
Matlngs
(min)

30

20

IS

No. of
Repeated
Mating$ of
Indicated
Duration

Cumulative
Time
In copula

Per cent
Femalet
Ovulated

(m/n)

l

30

2

60

45

3

90

100

00

00

I

20

2

40

10

3

60

ss

4

80

85

I

IS

00

l
3

30

00

15
60
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MOTHER..LARVA INTERACTION
(Glossina morsltans)

INTRODUCTION
A successful pregnancy In tsetse requires the
integration of several interdependent development
processes. During the 9-day ferlod required for
the in utero development o the progeny, the
"milk" gland of the female undergoes a cycle of
activity that Is coordinated with the larva's require·
ments for nutriment. In turn, the maternal and
larval energy requirements and the space available
within the females abdomen dictate a cycle of adult
feeding activity during pregnancy. Oocyte development Is also coordinated Within the 9-day cycle:
at the time of larvlpositlon, the next oocyte Is
completely developed and ovulation occurs within
1-2 hours after the previous larva has been expelled
from the uterus. In the first phase of this work
on the mother-larva Interaction In tsetse the
normal sequence of events during pregnancy has
been defined as a prelude to research on disruption
of the pregnancy cycle for purposes of possible
control.

RESULTS AND DISCUSSION
The dynamics of the pregnancy cycle is summarized In Figure I. The data are discussed In ·further
detail by Denlinger and Ma (1974). The Investigation
on the milk gland has also provided Information
on the mechanism of secretory discharge. Earlier
work suggested that milk Is released directly Into
the lumen of the gland by apocrine secretion.
Present observations on the structure of the gland
do not support such a mechanism, but rather a
novel type of exocrine discharge in which secretion
Is stored In an extracellular reservoir and released
Into the lumen through a dense cuticular network.
A schematic representation of the structural
organization of the milk gland tubules is seen in
Figure 2. At the points of milk release the lumen
is frequently Inhabited by Gram-negative bacteria,
which have not previously been described In milk
glands. The secretory discharge and microflora of
the milk gland are discussed In further detail by
Ma and Denlinger (1974).
Reproductive abnormalities such as abortion
and In utero puparlatlon occur occasionally In
wild and laboratory populations of tsetse. Research
is presently focussed on mechanisms for Inducing
such abnormalities In the laboratory. If parturition
is prevented by physical blockage, the larva has
the potential to delay puparlatlon for 1-2 days;
but after a maximum of 2 days pupariatlon will
proceed even If the larva Is still In utero. If the
uterus Is plugged with a puparlum, the reproductive
future of the female Is obviously terminated: the
female Is unable to take a blood meal due to the
lack of space in the abdomen and consequently
she dies within 4-5 days. Future work will explore
potential chemical mechanisms for causing In utero
pupariation.
Abortion has been experimentally induced in
pregnant females with Injections of ecdysoids and
topical applications of juvenolds. Abortion has
been Induced In all stages of progeny development:
egg, Ist. 2nd, and 3rd lnstars. Even an aborted

Results summarized in Table I and 2 Indicate
that ovulation Is Independent of Insemination and
spermatophore formation. These findings are In
agreement With those reported by Saunders and
Dodd (1974). Additionally, evidence indicates
that the duration of mating experienced by the
female Is an Important factor. Whether matings
for short duration such as those shown In Table 2
are capable of transferring any chemical from male
to female which causes ovulation Is not known;
however attempts are being made to detect any
such chemical by utilizing labelled amino acids.
A study of the role of neurosecretory cells and
corpora allata In ovulation against the background
of the present flndlngs has been Initiated.
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lrd lnstar larva Is not capable of surviving outside
of the uterus of the female. The manner In which
the hormone analogues exert their effect Is still
unknown, but it Is likely that the two hormones
are producing the same net effect In a different
manner. The influence of an ecdysoid injection is
usually limited to a single pregnancy cycle, whereas,
a topical juvenold application may also exert an
effect In subsequent pregnancies, The dominant
thrust of future work on tsetse will focus on the
phenomenon of abortion.

umment
membrane

Various physiological phenomena in insects
have been correlated with histological changes in
the NSC by a number of workers: Dupont-Raabe
(1952; 1956); Hlghnam .(l962): Larsen and Broadbent
(1968). Histological changes have been extremely
useful in assessing NSC activity without going
through the more difficult physiological experiments such as cautery or microsurgery which
often lead to disruption of the normal physiological
set-up .
The manner In which these cells are generally
identified has been mainly based on histological
techniques. Two types of differential stains have
for a long time been used to classify these cells.
These are aldehyde fuchsin and chrome-haematoxyli n-phloxin. Using this method, two maJor
cells tyr,es have been identified, namely the "A"and "8 '- cells, This classification is based on the
way these cells take up the stains, This distinction
was developed by Nayar (I 955) and was adopted
by Johansson (1958) and Hlghnam (1961) The latter
authors have In addition to the ''A''~ and "B"- cells
identified the "C"- and ''D''- cells.
There is accumulating evidence that in sever-al
insects, the NSC of the PI play an important
role in the control of reproduction. The reproductive cycle in females of Glossina morSitans
differs from that of many other Dlptera In that It
Is a larvlparous type. No detailed description
of the NSC of the PI in G. morsltans has -been
worked out, and nothing Is known as to the role
they might play during the maternal larval relationship. Due to these reasons and because of the
vi~w held by Denlinger and Ma ( 1974), that the
endocrine system may play a role in the control
of this relationship, It was felt worthwhile to carry
out the following studies:
(a) To describe In detail the different types
of NSC In the Pl.
(b) To Investigate whether the "A"- cells which
undergo cyclic secretory activity during
various physiological states In some Insects
(Highnam I96 I; Lea and Thomsen I962),
might . also show signs of activity :luring
the pregnancy cycle in the female of G.
morsitans,

..e;~~~~~~~~~~-

Iate ra I
·plasma
memhane

secrellan
reservoir

lumen
Fit. 2.
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MATERIALS AND METHODS
Breeding methods, feeding and mating procedures were all done as described by Denlinger and
Ma (I 974). The investigations were restricted
to the second cycle ofpregnancy (Mellanby, 1937:
Denlinger and Ma, 1974).
Flies were always sacrificed 2-3 hours after feeding. Brains were dissected out In Calliphora Ringer
under a stereo microscope. For detailed examlna~
tlon of the medial neurosecretory cells (MNSC)
In the fresh state, a magnification of 16 x 4 was
employed. In order to allow for rapid and unrestricted fixation of the brains, it was necessary
to remove the Investing trachaeae and air sacs,
Both Bouin's and Carnoy's flu ids were used as
histological fixatives. The investigations of activity
of the ''A"- cells and descriptions of the different
cells types were restricted to materials fixed In
Bouin, as this proved a better fixative. After
dehydration In ethyl alcohol, the brains were
impregnated with para.plast (m. pt. 56-Src.

NEUROSECRETORY CELLS
(Glossina morsitans)

INTRODUCTION
A great number of physiological events in the
life of insects are influenced by
hormonal factors secreted by the neurosecretory
cells (NSC} In the central nervous system.
The role played by the NSC of the pars lntercerebralls (PI) during ovarian development has
been worked out by Barker and Herman (1973),
Hlghnam (1962), Nayer (1958) and Thomsen (1952).
The influence of these cells on metamorphosis
has been Illus-trated by Wigglesworth (1954).
post~embryonlc
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cephala as described by Thomsen (1965). Four main
groups of NSC are present In the brain of G.
morsltans (Fig. 1). These are (a) one paired group
of lateral cells, and (b) one paired group of medial
cells.

Sherwood Medical Industrial Inc.) for 1-hr. (changing
the paraplast after every 20 min.). For general
histological studies, both thin (SJ.L), and thick
(8-1 OJ.L), sections were cut, whereas for specific
studies on synthetic activity only one thickness (7ll)
were cut. Four staining procedures were employed
to Identify the different cell types. These were
azan (Pantln, 1959); chrome-haematoxylln-phloxln
(Gomorl, 1941); paraldehyde fuchsin (Ewen, 1962);
and victoria blue (Dogra and Tandan, 1964). fn
the latter case either wholly processed brains
were mounted on the slide, or were embedded In paraplast and then cut at 7J.l. In all cases
Canada balsam In xylene was used as the mounting
medium. The diameters of the cells and nuclei
were measured by means of an eyepiece micrometer under oil immersion. In order to reduce
errors In cell counting (Thomsen, 1965), nucleoli
were used as land marks for Identification of
l~dlvldual cells. The average of least and greatest
diameters of the cells were determined, and the
ratio of the nucleus to the cytoplasm was considered as a measure of synthetic activity for the
"A"-cells. N refers to the number of flies under
investigation. Attempts were also made to estimate
the sizes of the nucleoli of the "A"-cells by division
Into 3 categories. Small (less than 2J.l); medium
(2-3J.L), and large (more than 3J.l). The description
and classification of the different cells types were
confined to flies that had just larvlposlted the lst
larva, but before the 2nd ovulation occurred.

(a) One paired group of lateral cells:
Both lateral groups of NSC are composed
of 3 similar cells. The cells are located on
the dorsal aspect of the protocerebral hemispheres, and are close to each other. Each
cell has an average nuclear and cellular
diameter of li.6J.1 and 20.5ll respectively.
(S.D. = ±3; N= 15). They are rounded In
shape with large centrally located rounded
nuclei. The cytoplasmic inclusions of these
cells stain green or greenish brown in
paraldehyde fuchsin, sky blue or light blue
In azan, and bright red or various shades of
red in chrome-haematoxylln {I.e. phloxlnor,hilic), All these cells are termed the
" B '-cells of the lateral group. The variations
in the staining Intensity are due to the
various degrees of differentiation employed.
The cells do not show up in the victoria blue
stain. Neurosecretory material (NSM) can be
traced along the fibres of these cells.
(b) The paired group of medial cells:

The two medial NSC groups are located In
the dorsal region of the PI protocerebrum,
and actually merge In the median furrow
of this region to form a more or less single
group. Four types of cells are present in
this group, namely "A"-, "8"-, "C"- and
"0"-. This classification Is based on the
morphology, size and staining characteristics
of the c;ells (Figs. I and 2).

RESULTS
Anatomy and histology of the neurosecretory
cells:
The gross anatomy of the brain of G. morsitans
(Fig. I) is very similar to that of Calliphora erythro-
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Fit. I. Brain of Glossina morsltans showing the dl5trlbution or different types of neurosecretory cells.
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Fig. 2. Different types of neurosecretory cells In the protocerobrum or G. morsicon$.

(I) The "A"- cells. Both medial NSC groups
include 4 "A''- cells. In most cases,
the cells lie superficially on both sides
of the median furrow. In certain instances, however, they occur In a form of
a cluster within this furrow. In the latter
case, some of these cells are more distally
situated In PI than when they are superficially arranged. Each cell Is usually
spi ndle shaped, and tends to taper off
towards the axon. The large rounded
nucleus is more or less centrally located
within the cell. Each has an average
cellular and nuclear diameter of 22.7J.l
and 11.51! respectively (S.D. = ±2:
N- 15). The cytoplasm contains granules
which stain purple with paraldehyde
fuchsin (1. e. fuchsinophilic) deep blue
In chrome-haematoxylln-phloxln, red
In azan, and deep blue or various shades
of blue in victoria blue. Again the variations in staining Intensities depend
on the duration of differentiation.
Although the fuchsin stain demonstrated the best histological details, the
victoria blue stain proved extremely
useful In revealing the arrangement
ofthese cells In whole brains. In addition,
victoria blue allowed a better tracing
of the axons. With this stain NSM
could be traced easily along the "median
bundle" of Power (Power, 1943). These
cells are always packed with NSM.

(li) The "8''- Cells. The two medial groups
of NSC Include approximately 23-32
cells which show staining characteristics
that are very similar to those of the
"B"- cells of the lateral groups. These
are referred to as the "B"- cells of the
PI protocerebrum. They are smaller
In size than those of the lateral group.
Cell diameter measures an average of
18.5J.l and nuclear diameters an average
of 10.2J.l (S.D. - ± 2; N = IS). They
lie deep in the PI, and have rounded
shapes With centrally located nuclei.
The cells tend to taper off towards
the axons, and the NSM can be traced
along these axons. In contrast, Langley
( 1965) has reported the absence of
"B"- cells In the medial groups.
(Ill) The "C'- and "D"- cells. These two
cells types are found deep In the PI
protocerebrum. They both have similar
characteristics. When stained in paraldehyde fuchsin, the cytoplasm appears light
green with aggregation of fuchsinophilic
inclusions. In the chrome·haematoxylin
stain, the cytoplasm appears light red
or pink with blue black or mauve
Inclusions. With azan stain, the cytoplasm
appears bluish sometimes with red
Inclusions. The "C"- cells are usually
spindle-shaped and taper off towards
the axons; they number between 6-10,
and have average cell and nuclear
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pregnancy cycle. There are, -however, notable
synthetic changes In these ce-lls as measured In
terms of nucleus/cytoplasm ratio (Fig. 3). At the
time of the first larviposltlon but before the
next ovulation (30-60 mlns after larvlposltlon),
there is a fairly low actlwty ratiC). There Is a contl•
nuous decrease reaching a minimal level at Day I,
that Is 24 hours after ov11latlon. At this time there
is already an egg In the ut~rus. On these two days
the nucleoli appear small In size (Fig. 4). On Day 2,
there Is a sharp . rise In actiVIty and the nucleoli
enlarge to a medium size. By Day 3 the nucleus/
cytoplasm ratio reaches a maximum and the
nucleoli acquire a maximum size. There Is a slight
but gradual decrease In the activity at Day 4, which
thereafter falls to a constant level at Day 5, through
Days 6, 7, and 8. On all these days the nucleoli
appear large In size. There Is a significant fall In
cellular activity from day 8, which also corresponds
with a decrease to medium size of the nucleoli.
Thirty to sixty minutes after parturition, there Is a
further decrease in cellular activity, and the
nucleoli appear small.

diameters of 24.5Jl and 13.4J! (S.D. - :!:2:
N= 15) respectively. The large centrally
located nucleus is rounded. NSM Is
more abundant than In "D"- cells and
it can easily be traced along the axons.
The "D"- cells which vary In number
between 4-6 are largest of all the NSC.
They are usually rounded with large
more or less oval centrally located
nuclei. The cells taper off towards the
axons. The "0"- cells measure an
average of 28.2J.L and nuclear diameters
average 14.5= H.SJ.! (S.D. =±3: N= 15).
They differ from the "C"- cells In that
they are large and the NSM Is less In
quantity and not easy to trace along
the axons.

Cyclic activity of the 'jA.. -cells
There are no visible changes with regard to the
density of the fuchsinophilic material In the cytoplasm of the "A" cells during the course of the
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DISCUSSION

of 8 cells in serial sections, whole stained brains,
and dark-field microscopical observations. This
confirms Foster's (1974) report of 8 "A"- cells,
four In each of the two medial groups. In both
G. morsitans and Glossina austenl.
In G. morsitans, the NSC are fewe r in number
but larger In size than In other Insects such as
schistocerca gregoria (Highnam 1961) and various
phasmlds (Dupont-Raabe, 1952). The variation
in numbers and sizes of these cells make a strict
comparison of the nature and function of the
different cell types rather difficult (Hlghnam 1961).
The cytoplasmic Inclusions of the "A"-cells are

On basis of staining properties and cell morphology, 5 different types of NSC can be characterised
in the protocerebrum of the brain of the female
G. morsitans. These are arranged In 4 groups,
namelr: a pair of later<!l cell groups and a pair of
media cell groups. A similar type of grouping has
been reported earlier by Langley (1965), on the
same species and he reported a variation In number
of "A"- cells, between 8-10. His observations were
based on serial sections stained in chrome-haematoxylln and paraldehyde fuchsin. In contrast to his
findings, this Investigation found a constant number
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fuchsinophilic, while those of the "B"- cells are
phloxinophilic. Both these materials are traceable
along the "median bundle" of Power (1943).
At no time do the two types of material appear in
the same cell. The two cells types are of a different
shape and size. These observations are consistent
throughout the cycle of pregnancy. There Is there~
fore no doubt that the "A"- and "B"- cells are
two different cell types in G. morsltans, and not
phases of secretory activity as has been reported
by Nayar (1955) in lphlta (/mbata. Hlghnam (1961)
has indicated that the "A"- cells are different from
the "B"- cells In 5. gregoria. Thomsen (1965) has
reported In C. erythroc;epha/a, "giant neurons',
which when over-stained in paraldehyde fuchsin
reveal granules in the neuroplasm. The same author
has observed in overstained sections numerous
thread-like and bninched Indentations of the cell
membrane on the cell surface. No such features
could b~ observed In the "C"- and ''D"- cells of
G. morsltans after the same treatment. Both cells
In G. morsftons show granules in their neuroplasm
even without overstaining. It is likely that . these
cells are different from the "giant neurons" described by Thomsen. The two cell types differ from the
"A"- cells In that they are negative to victoria
blue stain. Both cells have different morphology
and sizes, and occupy positions diff~rent from those
of the "A''- cells. For example the "A"- cells are
always packed with NSM unlike the "C"- and
"D"- cells. Unlike the "D"- cells, the "C"cells are smaller In size, and have mo re NSM
In the neuroplasm. This material is afwars traceable
along the axons. In contrast, the "D' - cells are
very large, with usually less NSM which Is rarely
traceable along the axons.
Different cyclic phases of emptying and filling
of the NSC's with NSM have been reported by a
number of workers (Rehm 1951, Arvy and Gabe
1954; Larsen and Broadbent 1968 Highnam 1961),
during various different physiological states of
various Insects. On the other hand Clarke and
Langley ( 1962) have reported an absence of such
changes during the 3rd, 4th and 5th stage nymphs
of Locusto migrator/a. Langley ( 1966) has also stated
that in G. morsltans, unlike most other insects,
there Is no cycle of activity alternating with inactivity In the neuroendocrine system. Foster (1973)
has Indicated that in G. austeni no cycle of secretion
has been detected in the median NSC's. The present
observations on the "A"- cells during the 2nd
cycle of pregnancy have revealed that, although
there are no detectable cyclic phases of filling and
emptying with NSM, there is a strong indication
that these cells undergo cyclic phases of synthesis
(nucleus/cytoplasm ratio and nucleoli sizes) that
could be correlated with the different days of the
pregnancy cycle. It has already been establlshe.d
(Hisao and Frankel 1966, Hlghnam 1962) that an
actively synthesizing or secreting NSC has a small
quantity of stainable material , while a cell In an
Inactive or storage state has its cytoplasm packed
with this material. Lea and Thomsen (1962), have
reported that In C. erythrocepha/a there is a correlation between the size of the nucleus and the
quantity of NSC in the cytoplasm. In the latter fly,
following a protein meal and during this time,
there is an increase in size ofthe nuclei and nuceoli,
There Is a strong Indication from the present
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studies that in G. morsitans, rates of synthesls of
NSM are either equal to or lower than the rates
of release at all stages of the pregnanc.y cycle; for
phases of filling and emptying were not observed.
The present work shows that there may be a
close relationship between the activity of and
synthesis In the ''A"- cells and structural changes
in the milk glands during the cycle of pregnancy as
described by Denlinger and Ma (1974). The latter
workers reported a regression of glandular activity
from day 8 to day I. This regression correlates with
a low level of synthesis In the "A"- cells. The onset
of the milk gland activity on day 2 correlates With
a sharp rise In the "A''- cells activity, which rea·ches
a peak on day 3. On this latter day Denlinger and
Ma (1974) reported an apparent Increase In the
size of the milk gland cells, and the beginning of the
accumulation of the milk. After the peak on day 3,
ther-e Is a slight but gradual fall in the "A"- cells'
activity on days 4 and 5, which levels off from day 5
to day 8. According to changes In a nuclear diameter, the secretory activity of milk gland cells
reach a maximum value on days 5 to 8.
Since Denlinger and Ma ( 1974) reported the
parallel development of the milk gland activity
and oocyte growth, the activity of the "A''- cells
could possibly be Involved In the regulation of
both processes. These correlations further support
the view held by Denlinger and Ma (1974) that
there may be a regulation of the pregnancy cycle
by the tsetse endocrine system, This view Is in
addition ~up~orted by Foster (1973) who has shown
that the MNC or nervous tissue closely associated
with them are to some extent necessary for larval
development.
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SALIVARY GLAND PHYSIOLOGY
SALIVATION

INTRODUCTION
When a tsetse fly feeds on a mammalian host
infected with trypanosome parasites, It takes in
the parasites with the blood meal and thus becomes
Infected. Trypanosomes of t he brucei subgroup
develop In the alimentary system of the fly and
later Invade the salivary glands and saliva. If such
an Infected fly feeds on a healthy mammalian host,
It transfers the parasites when It salivates into the
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tissues of the host. The c:onditlons In the fly that
stimulate salivation are little understood i and It Is
hoped that information on this aspect of tsetse
fly behaviour will t hrow some light on the factors
that favour the transmission of the trypanosomes
from the fly to the mammalian host.

METHODS AND RESULTS
Most of the work was confined to Glossina
morsltans, which Is the species being bred in the
largest numbers at the ICIPE Research Centre,
Some observations were also made on the saliva
of G. austenl.

Collection of and observations on saliva
A cjulck and simple method for collecting and
observing the saliva ofthe tsetse fly was developed,
A hole 3.2 em in diameter was cut In the centre
of a rectangular perspex plate 14 em x4.S em and
3 mm thick, and a piece of wing membrane taken
from the bat Otomops martlenssen/ was stretched
across this hole and held down with sellotape.
Individual flies were confined In 2" x I" plastic
tubes with nylon mesh at both ends. One end of
each tube was attached to the hole In the perspex
plate so that the fly could make tarsal contact with
t he bat-wing membrane. The assembl ed apparatus
was observed under the microscope, with light
from a microscope directed Into the membrane
at an angle of about 30° (Figs. I and 2).
As soon as the tsetse fly made tarsa1 contact with
the bat-wing membrane, it probed and salivated,
Prior to probing, the labium was released from
its normal resting position and the labellum was
used to cut the membrane by rasp ing action. During
this time drops of saliva just sufficient to moisten
the labium were produced. After a few seconds
of rasping the membrane was pierced and the
labium protruded through lt.
As soon as the labium protruded there was a
copious flow of saliva to the tip of the labium.
A drop of saliva was left on the surface of the
membrane when the labium was withdrawn.
Flies probed and salivated within 20 seconds of
making tarsal contact with the bat-wing membrane.
The saliva was collected on clean glass slides as
It was produced by the fly. It was fixed In methanol,
dried, and stained with Glemsa for 40 minutes.
In this way It was possible to identify the fl ies whose
salivary glands were infected with trypanosomes.
Out of a total of 55 tsetse flies examined over a
period of 2 months, salivary infection was detected
in 3 flies on the 42nd, 56th and 56th days respectively after the Infected feed . This gave a salivary
gland Infection rate of 5.46%, which Is considered
high when compared with natural salivary Infection
rates for bruce/ subgroup trypanosomes obtained
by other workers for field-collected flies.
· Direct observation of the salivation process made
by means of the bat-wing membrane technique
described here led to the following condu$ions:
(a) Tsetse flies produce saliva on the surface
of the host while probing.
(b) There is copious salivation only when the
tissues of the host have actually been pierced :
this ensures that the trypanosomes are
deposited within the host tissues.

BAT WING MEMBRANE

LIGHT

SELLOTAPE

....,..._----PLASTIC TUBE

1
NYLON GAUZE

PLASTIC TUBE

TSETSE FLY

- ---11

LID

----~

NYLON GAUZE

2
Fie. I. The apparatus for

colh:~cting

tsetse ny saliva.

Fig. 2. Soctlonal viow of tho apparatus for collecting tsetse fly saliva.

increased with the intensity of sGarvation. When
flies were starved for 3 days, over 70% of them
salivated. The mortality observed when flies were
starved more than 3 days was very high, and the
few flies that survived were too weak to probe
and salivate.

(c) Tsetse flies salivate Intermittently and do
not exhaust their saliva In a. single probe.
It seems that there is a mechanism In the
fly that causes rapid secretion of saliva.
(d) The saliva of G. morsitans and G. austeni
is a clear, colourless, and slightly viscous
liquid that dries qu ickly.

Table I. The effect of $tarvatlon on salivation and mortality
In male Gloulna mor~itims

There was no apparent difference between the
appearance of the saliva of flies infected with
trypanosomes and that of infection-free flies.

No. of days
starved

SallvDtion in starved flies

Less than

Salivation in relation to the hunger cycle of newly
emerged male G. morsitans was studied. The results
(Table I) show that the proportion of flies salivating

2
3
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Mean% flies
salivating

No. offlies
tiUtl!!d

13 .7
27.9

68
80

56 . 1
72.1

76

20.0
23.2

39

43.5

Mortality%
2.9

Table I. Infection rates ofT. (T.) bruce/ In newly emerged
G. morsitans fed on a rabbit Infected with T. (T.) bruc:el

The relationship between salivation and feeding
was studied In mated female G. morsltans during
two pregnancy cycles. The flies were tested for
salivation and later fed on the earlobes of rabbits.
The number of flies salivating, feeding, and larvlpositlng were recorded daily. It appeared (a) that
there is some positive correlation between the
percentage of flies salivating and the percentage
feeding ; and (b) that salivation is high immediately
after larvlposltlon.

/st Blood meal

Infective
Interval after
Infective meal
(hrs)

Number of
Flies
fxamined

%
Infection
RrltllS

24

35

88.6

48
72

44

84.1

65

72.3

Survival of Trypanosoma (Trypanozoon) bruce/ in

Glossina morsitans

RESULTS

INTRODUCTION

It may be seen from Tables I and 2 and Figure I
that the source (rabbit or mouse) of infective
blood meal did not Influence T. (T.) brucei Infection
rates In young G. morsltans fed for the first time.
However, flies which had been exposed to a previous blood meal before the infective feed were
not as good hosts of T. (T.) bruce/ as the newly
emerged ones. It Is also Important to note that the
vectorial capacity of these flies decreased with
time. It seems therefore that two forces were
acting against the survival of ingested trypanosomes;
first, the ingestion of a previous blood meal befo re
the infective feed created an environment which
was hostile to trypanosomes : second, It appears
that the flies produced some toxic agent (trypanocidal) whose effect on trypanosomes Increased
with time,
It is possible that flies that had taken a previous
clean blood meal ingested smaller quantities of
blood and therefore fewer trypanosomes when
exposed co a second or third meal (the concentration of trypanosomes is directly proportional to
the volume of blood). This could account for the
poor vectorial capacity of such flies. To test this
hypothesis, an experiment was carried out to
determine how much blood is ingested during the
first three days. Newly emerged G. morsltans
were weighed and . then fed within 24 hours after
eclosion. Flies that had engorged were weighed
again one hour after feeding. These flies were fed
again 24 hours later and weighed one hour after
feeding. The same procedure was repeated the
following day.

In the ICIPE 1973 Annual Report, it was noted
that when newly emerged (up to 24 hours old)
G. morsitans were fed on a rabbit infected With
T. (T.) brucei and examined for the presence of
trypanosome Infection, one, two, or three days
later, Infection could be demonstrated In nearly
all flies. However, flies examined on days I and 2
tended to show higher infection rates than flies
examined on day 3. This work has bl!en extended
using the same strain o.f trypanosomes. Mice w~re
usecf as the source of Infective blood meals. Fhes
of various ages have been used.

MATERIALS AND METHODS
Flies emerging over a three-day period were
treated as follows:
Flies emerging on day I were fed on (uninfected)
dean rabbits for two consecutive days, and those
emerging on day 2 were fed on the clean rabbits
only once. Flies emerging on day 3 were not fed
on clean rabbits, but were fed along with others
(those which emerged on days I and 2) on mice
Infected w ith T. (T.) brucei. After the infective
blood meal, these flies were not fed throughout
the experimental period. Almost equal numbers
of the various groups of flies were examined for
trypanosome Infection on days I, 2, and 3. The
results of this experiment are expressed In Tables I
and 2 and Figure I.

Table 2. Infection rates of T. (T.) bruce/ In young G. morsitons. The flies were fed on heavily parasitaemic mice either at their
tim, $econd or third meal

Ist Blood Meal
Infective

2nd BIOcld Meal

3rd Blood Meal
Infective

lnf@ctive

%

Interval after
Infective Meal
(hours)

Flies

%

Flies

E.1erlmined

Infection

Examined

lnfecllon
Rates

%

Flies
Examined

24

28

96.4

31

93 .5

32

59.3

48

42

88.1

45

71.1

44

56.8

72

45

71.1

48

37, 5

44

18.1

Rates

78

Infection
Rates

100

/ 1 s t blood meal lnfec tive flies
fed on mice
blood meal Infective flies

z

0

80

fed on rabbit

I-

,,

(.)

UJ

u.

z

60
blood meal
Infective (mice)

40
(/)

blood meal

uJ
~

. u..

Infective (mice)

20-

24
TIME

48

AFTER

72

INFECTIVE

HOURS

BLOOD MEAL

Fit. I . Survival of T. (T.) 8rucelln G. morsltannftcr thalnfcctlvc meal, t he flies were starvad throughout the experimental period.
Table ], The size of blood

me~ls

taken by G, mor$i!an$ over a three-day period

FEMALES

MALES
Number
Welt hed

Mean
Wt, (mg)

Weight
range (mg)

Approx.
inge$ted
blood (mg)

52

18.4

10. 322.9

ht blood meal
(weighed one hour
after {eedl ng)

46

23.6

14 .633.1

5,2

2nd blood meal
(one hour after
feeding)

34

21.245.8

12.7

3rd blood meal
(one hour after
feedl!ii)

34

24.558.3

20.4

Unfed, newly
emerged (up to 24
houi'S old)

31.1

38.8

Number
Weighed

Mean
Wt. (gm)

Weight
range (mg)

Approx.
Ingested

blood (mg)

-41

18.1

33

32.2

11 .3-26.6

19.8-

14.1

48.6
19 *

35 . 3

24.2

17 . 2

52.7
29

37.1

28.652 .7

*Power failure before all nle$ were weighed.

79

19,0

The results of approximate quantities of blood
ingested are recorded In Table 3. It Is assumed
that the actual weight of flies remained constant
over the three-day period. It may be seen from
the table that the size of the first blood meal was
less than that of the subsequent blood meals.
This observation strongly suggests that flies taking
their second or third meals as the Infective feed
Ingest more organisms than flies feeding for the
firn time.
It Is concluded, therefore, that It Is not only
the amount of organisms ingested that determines
the number of flies that are able to allow trypanosome development, but that other factors (as
yet unknown) may be Involved. It was, however,
necessary to ascertain whether the drop In the
Infection rates observed In G. morsitans during the
first three days was only a temporary quiescent
period that could be reverted to patency as flies
grow older. The first experiment was therefore
repeated.
Three groups of G. morslt4ns drawn from the
following groups were used.
Group I -

consisted of flies that had been
exposed to two previous dean
feeds (fed on unlnfected rabbit)

Group 2 -

consisted of flies that had taken
one clean feed

Group 3 -

were flies that had just emerged
(unfed)

The three groups were fed on the same day
on rabbit having a chronic T. (T.) brucei infection.
Beginning from the following day, all three groups
were fed daily except Sundays on three clean rabbits
(each group of flies fed on a particular rabbit).
Flies were examined for trypanosome Infection
two days after the Infective feed, and thereafter
at 2- or 3-day Intervals throughout the expertmental period. Individual flies were examined for
proboscis, salivary gland, gut and haemolymph
Infection. The rabbits used to maintain the flies
were examined every CDther day for trypanosome
Infection. As soon as one of t hese rabbits became
Infected It was destroyed and replaced with a
clean rabbit. The rabbit used to maintain group
3 flies (flies whose first feed was Infected) was
found ~rtfected after ~4 days. The other two rabbits
were not parasltaemlc when the experiment ended.
It may be seen from Table 4 that Infection rates
in flies examined two days after Infected feed
were high for alt groups of flies. However, the
incidence of inf~ction dropped sharply during
the next three to four days. From then onwards,
Infection rates did not rise very much beyond 20%.
This ob,ervatlon is in line with the earl·ier findings
that T. (T.) bruce/ infection rates In young flies
decreased rapidly during the first three days.
No lnfected flies were observed after 12 days
among flies that had been exposed to a previous
blood meal before the Infecting feed. But of the
flies wbose first feed was Infective, Infection
was evident even at the completion of this expe·
rl.ment. ln. geneFat, ~nfealon rates In these flies
(first feed Infective) were higher than In the
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flies that had fed previously (1st or 2nd feed infective). Experiments are in progress In an attempt to
elucidate the reason for these differenc;es.
Tables 5, 6, and 7 show the distribution of
crypanosomes In the various part~ of the fly examined. Trypanosomes were demonstrated In the
guts of all Infected flies, Infections In other parts
of the fly were not as common as In the guts.
Salivary gland Infection was observed only among
flies whose first feed was Infective. All three groups
showed proboscis Infection. The presence of
haemoiymph Infection among flies of groups 2 and 3
is Interesting, and work Is in progress to determin-e
the route of migration into the haemolymph.
One of the major conclusions to be drawn from
the above results is that there Is something In the
gut (probably a by-product of digestion) that rs
highly toxic to the bloodstream forms of trypanosomes but not to the midgut forms. The survival
of freshly Ingested trypanosomes in the gut of
G. morsftans therefore depends on the speed with
which they can move past the site of production
of th is agent or change Into midgut-form type. The
production of this presumed agent appears to be
delayed In newly emerged flies feeding for the
first time, whereas In old flies the agent Is already
present. The survival of trypanosomes In old
flies therefore appears to depend on how much
of the agent Is present at the time of Ingestion.
An experiment was carried out to see whether
or not partly digested blood obtained from recently
fed G. morsltans had any effect on blood stream
forms of trypanosomes In vitro. Five day old male
G. morsltcms were fed on unlnfected rabbit, One
hour after feeding they were Immobilized by cold
exposure and then dissected. The gut of each
fly was dissected out and placed on a clean slide.
The posterior segment of the gut and the hindgut
were carefully removed from the rest of the gut
so as not to spill their contents: this was done with
sharply pointed forceps. The hindgut was omitted
because of Its low pH (Bursell and Berridge, 1962).
The rest of the gut (middle segment and anterior
segment, including the crop) was transferred to
another slide and E:rushed thoroughly by means
of dissecting needles. Two drops of phosphate~
buffered saline (PBS) pH 7.2 were added to the
contents and mixed well. Four drops of blood
freshly drawn from a tall of a mouse heavily Infected
with T. (T.) bruce/ were added to the mixture of
the gut contents and PBS. The mixture was then
Incubated in a humid chamber at room temperature
for two hours. For control, PBS was used Instead
of the gut contents. After Incubation thin blood
smears of the mixture were prepared, dried, and
stained with 10% Glemsa's stain for 40 minutes.
Slides prepared from control samples showed
normal trypanosomes, whereas slides prepared
from trypanosomes Incubated with gut cantents
showed many variations In trypanosomes behaviour. Many organisms divided Into multinucleate
forms: other dividing forms failed to separate.
In general, many organisms tended to stick together-.
In extreme cases they stuck together In a rosette
form. The significance of this rosette formation l.s
not clear, though It is temp.tlng to associate this
crowding phenomenon with the effect of interactions between trypanosomes and the tsetse
fly gut contents.

Table 4. T. (T.) bruce/Infections In tho gut of G. morsitons of various aga groups. The flies were exposed to one infec:tive meal and
maintained on c;lean rabbits
I st Meal Infective

Days after Infective
meal
2
5
8
II

14
16
19
21
23
26

Flies

examined

13
10
13
17
13
14
II

10
12

9
112

Tot11l

2nd Meal infective

%

Day$ after

Infection
rates
100
20
15.4
6.0
0.0
21.5
18. 1
0.0
0.0
22.2
22.3

infective

Flies
examined

meal
2
6
8
II
14
16
18
20

3rd Meal Infective

Days after
Infection
rote$

17
21
19

64.7

9.5

21
16
20

5.3
0.0
0.0
0 .0
0.0
0.0

144

9.7

IS
IS

%

Flies

infective
meal
2
5
9
12
16
17
20
22

examined

infection

18
20
19
16

totes
88.2
11.7
0.0
15.7
0.0
0.0
0.0
0.0

144

13.9

17
17
18

19

Table$. T. (T.) brucei Infections In G. morsitans. Newly emerged fllos were flrn fed on infected rabbit and then maintained on
clean rabbit,

Days after Infected
feed

Number of (litu
examined

Prevalence of trypanosome infection In these organs

%

Infected
Proboscis

14
16

13
10
13
17
13
14

19

II

21
23
26

10
12

2

s
8
II

Total

9

112

Salivary
glands

100
20
15 .4
6.0
21.5
18.1

2

22 .2
22.3

3

2

Entire
gut
13
2
2

Haema/ymph

3
2

2
2

lS

Table 6. T, (T.) bruca/ Infection In G. morsltons. The flies were first fed on clean rabbit. Their second feed was on Infected rabbit,
after which they were maintained on clean rabbit

Days after infected
feed

Number of flii!S
examined

Prevalence of trypanosome Infection in these organs

%

Infected
Salivary
glands

2
6
8

,II

...

16
18
20
Total

17
21
19

cut

64.7

II

9 . .5

l

5.3

IS

15
21
16
20
144

Entire

9.7

81

Hoemolymph

Table 7. T. (T.) bruce/ lnfec:tlons In C. mars/cons. The files were expos&d to two previous clean feeds before they red an inrected

rabbit

Days after infected
feed

Number of flies
examined

Prevalence of trypano>ome infection In these organs

%

/nfeccecl
Proboscis

2

17

5

17
18
19
18
20
19

9
12

16

17
20

16
1+4

l2

Total

So/ivory
glands

Hoemolymph

Entire
gut

88.2
11 .7

15

15.7

3

13.9

20

2

Location of site of development of

method, newly emerged G. morsltans were allowed
to feed on the trypanosome suspension.
Flies that fed were separated Into two groups.
One group was killed 3 hours and the other killed
24 hours after feeding. Their guts were isolated
and solubilized in soluene T.M. 100 (quarternary
ammonium hydroxide) overnight. The rest of
the carcasses was also solubilized In soluene.
Scintillation fluid (ppo- 7 gms, m2 POPOP-0.6 gm,
Naphthalene ISO gm, Isopropyl alcohol, 300 ml,
To Iuene to make I00 ml) was then added to the
digested tissues. Radio-activity In these samples
was checked, using a liquid scintillation counter.

T. (T.) bruce!
In the gut of G. morsitans

INTRODUCTION
It was observed in the ICif:'E Annual Report
for 1973 that there was a progressive migration
of trypanosomes from the crop, anterior, middle,
and posterior segments of the midgut and the
hindgut. By the time the trypanosomes had reached
the hindgut, they had all changed morphologically
Into typical midgut forms, and this happened within
two days. The midgut forms could be seen all
along the different segments of the midgut and
hindgut. Using labelled trypanosomes, attempts
have been made to see whether or not a clearer
picture of trypanosome movement within Glossina
could be obtained.

RESULTS
There was almost no radioactivity detected In
the guts of flies dissected 24 hours after feeding,
whereas high activity was detected In their car·
casses. On the other hand, flies examined 3 hours
after feeding showed activity both in the gut and
in the carcass. There was, however, more activity
in the guts than in the carcasses.

MATERIALS AND METHODS
The source of trypanosomes used to inoculate
mice was stabllate materials ofT. (T.) brucei EATRO
1587, whose history has been outlined In the 1973
ICIPE Annual Report.
.
The mice used were Swiss White TO strain,
bred at the ICIPE animal house. Both sexes were
used at the age 4-8 weeks.
500 1.!1 of (6 3H) thymidine (Radiochemical Centre,
Amersham, England) sp. act. 20,000-30,000 (Ci/
mmol) was added to 10 ml of heavily infected
deflbrlnated mouse blood obtained from mice
Inoculated with T. (T.) bruce/ seven days earlier.
The Infected blood-thymidine mixture was Incubated at 37°C for one hour after which the
blood cells were separated from trypanosomes
by centrifugation. The plasma obtained was further
centrifuged for 5 minutes at 1000 r .p. m. (International Clinical Centrifuge) to separate trypanosomes
from plasma. The plasma was discarded . The
sediment (trypanosomes) was washed six times
In Trls-Buffer, balanced salts solution , pH, 7.4.
After the last washing trypanosomes were resuspended In defibrinated, uninfected mouse blood.
Using an artificial membrane (parafilm) feeding

Table 8. Detection of radioa.c;tivlty In C. mars/tons rod on
labelled trypanosomas

Counts/Minute
Interval
After
Feeding

3hrs

24 hrs

82

Gut

Corcon

675

259

572

249

824

332

139

4944

129

3765

1<45

6178

1-+4

3120

dlpes colonies in Insectaries. In spite of R.ogers'
(1971) work on po/1/dlpes-rearlng the requirements

These results Indicate that either the labelled
organisms were being disintegrated as a result
of digestion and therefore being absorbed through
the haemolymph, or the organisms were not being
washed thoroughly. The two possibilities are
being Investigated.

for rearing this species are still problematic. As
compared to G. morsltons and G. oustenl, the fecundity of G. pallid/pes Is discouragingly low. It Is
emphasised however that should the ICIPE succeed
In culturing G. pallid/pes successfully, the benefits
will not be limited to the Isolation Mechanism
Project alone, since the availability of these flies
to other $Cientlsts will permit ln·depth studies
currently oriented solely on G. morsltans.
The principal objective In the first phase of
the Project Is to study In the field a number of
characteristics of G. pollldlpes, such ou resting places,
breeding sites and activity periods. These field
studies will be done In two selected areas. It Is
hoped that these Investigations will provide
essential Information with respect to the requirements for rearing G. po/lldlpes In the laboratory.
The second objective is to maintain G. pallid/pes
populations of the selected habitats as self-supporting strains In the laboratory, both at the ICIPE
as well as In the laboratory for Experimental
Entomology In Amsterdam. lnterstrain fertility
will be studied in Nairobi, while other characteristics, such as the usefulness of Iso-enzyme patterns
(zymograms) as markers for the population under
study will be investigated at Amsterdam. As soon
as the electrophoretic techniques have been
perfected, this work can be transferred as a routine
to the ICIPE in Nairobi.
The third phase In the project will deal with
releases of flies originating from allen habitats
into the study areas. Subsequently examination of
zymograms of recaptured flies will provide Information on the extent and efficacy of the possible
Isolation barriers between the various populations.

ISOLATION MECHANISMS
(Gloss/no pollidipes)

INTRODUCTION
Tsetse flies occur in widely diverging habitats.
The assessment of the degree of Isolation between
discrete populations in varying habitats, together
with analysis of the relevant Isolation mechanisms,
are the general objectives of this project.
The practical value of a basic knowledge of the
mechanisms which maintain the Isolation of different
populations within a species cannot be overstressed-particularly In this age of attempted
control by sterile-male release. Where a species
Is distributed over vast areas of Africa with no
regard for International boundaries, the possibility
of slmultaneouse control throughout Is mon
unlikely. A more promising approach appears to
be to seek out the Isolated populations, define
their boundaries, determine and understand the
mechanisms that control this isolation and then
apply control measures-Isolated population by
Isolated . population- In the knowledge that the
potential for succeu would be much enhanced
with such reduced areas, and that the likelihood of
repopulation from adjacent populations would
be greatly reduced to the now~deflned isolation
barriers,
Elucidation of reproductive compatibilities both
at the species as well as at the population level
Is also worthwhile, since genetic incompatibilities
may be useful for tset-se control. Releases of allen
types to control tsetse populations were seriously
considered by Vanderplank (1947), when studying
the closely related species G. morsltons and G.
swynnertonl. After the regrettable cessation of this
research by Vanderplank It was Curtis who reintroduced explorations In this fleld by studying hybrid
sterility between subspecies of G. morsltons. His
recent work (Curtis, 19n) stresses the potential
advantages ofthls approach as compared with other
genetic techniques.
Glossina pallid/pes has been selected as the first
tsetse to be studied In this project, primarily
because of its economic Importance, Its wide distribution throughout East Africa and the remarkably
varied habitats In which It survives.
It cannot be concealed that with this choice
the performance of the programme will encounter
very serious difficulties, Background knowledge
on this species Is limited. The fact, for instance,
that the preferred breeding sites of G. pallidipes
are not known, places an Immediate restriction
on advanced field studies. Laboratory studies on
genetic affinities between populations (which
Implies a quantification of eventual hybrid sterility
andfor hybrid breakdown) cannot be Initiated
because It Is not yet possible to maintain G. pall/-

Discussion of field studies
In February 1974 the field studies commenced
with surveys of potential target areas of G. pollidipes. Of these, two areas have been selected:
Nkruman, the area between the Ewaso-Ngyro.rlver
(west of Magadi) and the Loita Hills, and the
Coastal area. In the coastal area several places
have been surveyed very thoroughly in a search
for a suitable area. During the last three months
studies have been concentrated mainly In two
places: the Gogonl Forest, about 50 km. south of
Mombasa and Mwalewa Forest, near Lunga Lunga
at the Tanzanian border. Future work at the
coast will be carried out only in the latter area.
Present research Is focusing on the following
aspects: trapcatchlng; catching In and on the car
(a one-ton pick-up Landrover with green canvas
coverlng)- uslng the car as standing object;
determining activity times; and searching for breedIng sites and resting places. Two types of traps
are used: the Langridge Box Screen (LBS) and
the Awning Screen-skirt (AS-S) Moloo, In press).
Initial results from the three studied areas are
su mmarized In table I. Though total trapping days
are relative!~ few, two points might be worth
mentioning. Firstly, the ratio of males to females
caught differs In the two study .areas. The traps
placed in Nkruman catch a much lower proportion
(21.4%) of females than do the same traps In the
coastal area (approximately 56%).

83

Table I . Comparative catches of G. pal/idlpu In two
In Nkruman and two coutal areas

typ~

of traps Langridge Box Screen (LBS) and Awning Screen Skirt (AS-S)

Nkruman
Trapplni
days

!jl

o3

Tot

%~

203 22.1

4

333

230

563

59. 1

259

325 20.3

...

300

248

417

528 21.4

8

633

!?

cr

Tot

LBS

45

ISS

ASS

66
Ill

Totals

Molewa-Farest

%!il

Trapping
days

!jl

a

Tat

9

155

106

261 59.3

6

548 54.7

9

119

117

236 50 .4

6

479 1111 56 .9

18

27"1

223

497 55.1

12

No other worker has reported catches containing
less than 70% females. So whilst the proportion
of females caught In traps In the coastal areas are
rather low, the results In Nkruman are remarkable
and might well represent behavioural (genetic)
divergence. Secondly, there are no striking differences between the total catches of the two types
of traps as was reported by Moloo (In press).
He caught approximately three times more flies
In the ASS than In the LBS.
The results of catching by hand Inside and outside
the car or just around the car are summarized in
table 2. The catches from Gogonl Forest are too
low (less than 100) to be Included. In contrast
to the trap catches, these results show little
difference In the proportion of females In the two
areas. This makes differences In the proportion
of females In the trapcatches even more striking.

%!il

Nkruman

334

399

723

46 .2

Mwalewa-Foren

159

210

368

42.9

%!?

Trapping
days

and G. fuscipes Newst (Dipt. Glosslnldac) Bull. Ent. Res.
(in press).
Rogers, A. and Kenyanjui, E. N. F. (1972). The maintenance
of a col0r1y of Glossina pallidipes. Ann. Trop. Med. Parult.
661 267- 280.
Vandcrplanck, F. L. (1967). Experiments on hybridlntlon of
tsetseflles and the possibility of a now method of control.
Trans. Royal Ent. Soc. Lond . 98: 1- 18.

ISOENZYME RESEARCH
INTRODUCTION
The Increasing application of isoenzymes as
tracers In population studies of insec;ts has prompted
us to establish an Investigation on various isoenzymes of tsetse flies. This work was lrlltiated by
J. van Etten and executed In collaboration with
Dr. L. P. S. van der Geest at the Laboratory of
Experimental Entomology In Amsterdam. The
research Is directed to isoenzyme-polymorphism.
Five different isoenzymes are so far being looked
Into namely Leucine Amino Peptidase (LAP);
Lactat~ Dehydrogenase (LAD); Malate Dehydro·
genase (MDH) and the Esterases. The effects of
age, sex, feeding and freezing are also being checked
In order to obtain base line data for future applications. Three different strains of Glossina morsltans
are used for comparative studies of their Isoenzyme
patterns. The strains originating from three
different laboratories, namely Tanga (Tan;~;anla);
ltatd (Paris) and Langford (Bristol).

Table 2. Catches of G. ptJIIidipes by hand Inside, outside
and around tho car In Nkruman and Mwalewa-Forest (coanal
area).

Tot

Gogoni-Forest

The study of activity times, resting sites and
breeding places are still in the Initial phase. Thus
far 37 living pupae have been found In Nkruman
In a typical ''floorsites" breeding place. The apparently small collection is nevertheless encouraging
when compared to the finds of other workers
(Le Roux, pers. comm. and others). Of the 37
pupae, 30 have emerged In the laboratory to give
13 males and 17 females. These have now been
mated and the subsequent reproductive cycles
will be followed closely.

MATERIALS AND METHODS
Isoenzyme patterns were determined by means
of the horizontal starch gel electrophoresis method,
using a discontinuous trls-borate buffer system
(Poullk, 1957). Electrophoresis was carried out
at 0°-2°C with a current of 1- 1,5 mAfam. Using
the Brown Mini-Potter, Individual flies were homogenized in 0.2 ml of the gel buffer. The homogenates
were absorbed .In small (6 x 5 em) pieces of Whatmann 3 MM chromatography papers, and applied
Into a silt cut across the gel.
After electrophoresis (4-4; hrs), the gels were
sliced lengthwise In 3-parts and incubated at
37°C in the appropriate staining solutions till the
bands appeared. After staining. the gels were
thoroughly rinsed in water and flxed In methanol.
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blood. Adult flies starved beyond 2 days do not
show LDH-actlvity. There are no sex differences
with regard to the bands obtained, and no variations
have so far been detected,

Photos of the gels were taken using a Polaroid
camera.

RESULTS

3. Malate Dehydrogenase (MDH)
Two mobility zones (A)+(B) are obtained for
the MDH-actiVity in pupae, teneral and old flies
(Fig. 3). The (A) zone consisting of 2 bands close
together show a very high MDH-actlvlty In young
pupae (1-6 days old), become weak In older pupae
~8 days), and very weak In teneral flies. Zone (B)
consists of 2 bands which are weak In young pupae
but become Intense In older pupae, teneral and
adult flies. There Is a remarkable increase in the
rate of mobility of zones (A)+ (B) with increase in
age. flies analysed 24 hours after a blood meal
give a strong reaction in the (A)+(B) and an
extra weak band in the (C) zone. Host blood gives
bands In the (C) and (D) zones but none In the
(A) and (B) zones. There are no differences In the
electrophoretic patterns with regard to s.ex, and
1
no variations have been detected yet,

I. Leucine Amino Peptidase
The zymograr'ns obtained from teneral flies of
both sexes shortly after ecdysis show three distinct
zones of (LAP)-activity. These are indicated as fast
(F): lnt.ermediate (M) and slow (S) (Fig. 1): In most
cases the three· mobility zones (F), (M) and (S),
each show only a single band In these flies. In the
(M) and (S) zones, variants are found In older
files, as Indicated by double bands. However, the
frequency of these bands Is very low. The (F)
zone consists usually of a single band, which In
most cases Is very faint.
There are no differences In the zymogram
patterns with respect to sexes. Flies which "have
not had a blood meal 24 hours prior to the experl·
ments also give similar bands to those that have
not fed for 2 days. Flies starved beyond this period
produce weak bands in the three zones. Three
mobility zones similar to those of teneral flies
are present in old flies (I 0-30 days) . (Fig. I). The
activity of (S) zone Is lower In old f11es compared
with that observed In young flies. In contrast to
flies, an extremely high activity in the (S) zone is
detected In pupae.
-

4. Esterases

Three :zones of mobility (W). (X} and (Y}, are
recorded in flies analysed 24 hours after a blood
meal (Fig. 4). The band In zone (Y) Is missing In
pupae arid In flies that have not fed for more than
2 days. The bands In (W} and (X) ;zones are weak
In teneral flies. In all flies analysed, zone (W)
consists of a single band, while the (X)-zone consists
of a double band. No variations have been detected
yet in the two zones (X) and (W). Both sexes
give similar patterns. Fresh and frozen materials
produced similar results In all lsoenzymes under
investigation.

2. Lactate Dehydrogenase (WH)
Lactate Dehydrogenase actiVIty Is not detected
in pupae, and teneral flies. Flies analysed 24 to 36
hours after a blood meal show a single zone of
activity (Fig. 2). This zone consisting of single
band, Is similar to the one obtained from the host

aone ' - - - · - •

===

aone M-.. -

zone sorigin -------

1

II

ill

iv

v

Fig. 1, Dlagramatlc: pre.sent;\tlon of (LAP) electrophoretic: patterns In pupae, teneral and adult G. mor$i!tln$,
(I) pupae

(II) teneral flies
(Ill) - (vi variants of (LAP) In adult flies
-

a= fastli!r
b= fast
c== Intermediate

d= slow
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the proportion In which these variants occur may
differ among different populations. The band In
the (F) :zone is usually not clear and In most cases
It Is missing. Due to a limited supply of flies, It
has not yet been possible to Interpret the data
with respect to the question whether (F) and (S)
are under control of distinct gene loci.
The absence of (LDH) in pupae and teneral
flies cannot be Interpreted as an absolute lack of
this enzyme, but may Indicate levels below the
limit of detectablllty of the test conditions used.
The presence of bands In fed flies, but lacking In
flies that have not been fed has made the study
of thl~ Isoenzyme difficult. The situation has been
further complicated by the fact that flies fed 24
hours prior to analysis give bands that are similar
to those of the host blood.
In (MDH) the (C)-zone-band which Is detected
In flies fed 14 hours prior to analysis is apparently
dependent on a blood meal. Since a similar band
Is detected In the host blood, It Is very likely that
the band is a result of undigested enzymes of host
blood. A similar account can be given for the (Y)
band detected in the Esterases•
The high activity of (LAP), (MDH) and Esterases
detected in pupae can be Interpreted in terms of
the rapid developmental processes that are going
on during this stage With regard to the effects of
feeding, age and sex the results Indicate that the
most suitable animals to work with are adult
flies fed 48 hours prior to analysis. Presently, It is
too early to draw any conclusions with regard to
variants of Isoenzyme polymorphisms In the
3-strains. The present results show t hat both fresh
and frozen materials give equally good results.
This factor will enable In future the analysis of
frozen material collected from different populations
in the field.

···:·:~:·.·:·.···t················

• •
or1g1n
I•
Fir. 2.

••
II

Electrophoretic: patterns of (LDH) In \\dult G. morslt·
ons and rabbit's blood.
(I) adult G. morsltons
(II) blood from lop-oared rabbit

DISCUSSION
In (LAP), the doubling of the (M)-band is apparently age dependent. Flies at 3-4 days after
emergence show double bands in this zone while
In teneral flies, only single bands are detected
(Fig. 1). In zone (S), five different variants have
been detected (Fig. 1). There Is an Indication that

-·-zone (C)
I•

--zone (8)

...
·-·zone (A)
I•

I
Fir. 3.

II

Ill

lv

y

Electrophoretic patterns of (MDH) In G. mon/tons
(I) young pupae 1- 5 days old
(H) pupae 10-IS days old
(Ill) pupae 26-28 days old and newly emerged fllos
(lv) adult flies 48 hours after a blood meal
(v) adult flies 2• hours after a blood meal
(vi) rabbit's blood
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Elcccrophoretlc patterns of Esterases In G. morsltans
(I) pupae
(II) adult flies -48 hours after a blood meal
(Ill) adult fli!!S 2-4 hours after a blood meal
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in order to make it possible for flies of opposite
sex to find each other for mating.
It has been known for a long tl me that various
species of tsetse flies produce sound and sound
has consequently been suggested as a means of
communication (Carpenter, 1924; Glover, 1967;
Kartman, 1946: Kolbe, 1973: Vanderplank, 1948).
So far no experimental proof has been put forth
showing that sound Is used by any species of the
tsetse fly for communication. Previous studies have,
however, only been concerned with the frequency
range that Is audible to man. In the present study
we show that the sound produced by the tsetse
fly Glossina morsitans morsltans has ultrasonic
components. The character of the ultrasound
connected with feeding is different to that
connected with mating. There Is moreover a
consistent difference between the sounds produced
by the male and the female.
·

SOUND PRODUCTION
(Glossina morsitans morsitans)

INTRODUCTION
It Is known that many insects produce various
types of sounds. It Is also known that several
Insects have auditory receptors. Sound may thus
play an Important role for the behaviour of Insects.
That such Is the case has been verified experimentally In a few Insects. Sound production and
reception are, however, far less studied than is the
role of chemical agents in communication, the
effect and production of pheromones having drawn
considerable attention during the past few years.
As regards the tsetse fly, the results of several
studies Indicate that It does not possess pheromones
(Dean et al. , 1969; Turner, 1971). Yet It remlans
difficult to explain the behaviour of the tsetse
fly without assuming some form of communication
among Individual flies. This assumption is based
on, for example, the fact that individual tsetse
flies appear at certain times in widely dispersed
populations in the bush, and later appear as a
swarm (Glasgow, 1963). It Is also known that
tsetse flies, despite their being very particular
about selection of a feeding host, can survive a
low host density. They therefore must have means
on an Individual basis to find a suitable host and,
having found one, to communicate this Information
to other flies. Communication among individual
tsetse flies Is furthermore assumed to be necessary

ME.THODS
Sounds were recorded from tsetse files under
laboratory conditions at a dlsta. nee of 2-3 em usln~
a Briiel and Kjaer i" microphone (type 4135)
and a microphone amplifier (type 2618), The flies
were kept In small boxes covered with mosquito
net. They were fed by placing the box on one
of the ears of a rabbit. Magnetic tape recordings
were made by a Precision Instrument tape recorder
(type PI 6200) used In Its direct mode at 37.5 ips.
A hlghpass filter (cut-off 470 Hz) was Inserted
between the microphone amplifier and the tape
recorder. The over-all frequency response of the
system was 470-100.000 Hz (±3 dB). The recorded
sounds were analyzed using a "Voice print" sonagraph (Fig. 2) and hybrid audiospectrum analyzer
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with the tape played back at IJIO (3.75 Ips) of its
original speed. The bandwidth ofthe audlospectrum
analyzer was 250Hz and the Integration time of the
subsequent lowpass fllter was either 400 (Fig. 3}
or I00 msec (Fig. 4). In real time that corresponds to
an analysis bandwidth of 2500 Hz and an Integration
time of 40 and 10 msec respectively. Osclllograms
of sound In different frequency bands were also
made.

females (Fig. 2), further reveal a periodic nature
of both high and low frequency components.
There Is a strong ultrasonic component In the
sound produced during mating. The sound produced by the female In connection with feeding
has weak or no lntrasonlc components. In the
male feeding sound no ultrasound . is discernible
above the noise level (Fig. 2). The frequency
spectrum averaged over several periods of typical
mating and feeding sounds is seen In Fig. 3. A
pronounced peak In the spectrum of the mating
sound Is seen around 65 kHz and a double peak
in the feeding sound produced by the female can
be noted. These are typical. The exact frequency
location of the peak In the spectrum of the mating
sound, however, varies from occasion to occasion
and from time to time in the same sound sequence.
That Is Illustrated In Fig. 4 showing a three-dimensional plot of the spectrum taken consecutively
at Intervals of 10 msec.

RESULTS
Typical osclllograms of sounds produced by
tsetse flies are seen In Fig. I showing sounds
produced in connection with mating and In connection with feeding for males and females. The
sounds are always distinctly periodic In nature.
The periodicity varies from time to time between
about 300 and 2000 Hz. Sound spectrograms (sonograms) of mating sounds and feeding sounds in
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Fig. 3. Spectrograms of typical sounds. Analysis bandwidth was
250 Hz, corresponding to 2500 Hz In real time. Tho
lnu,gration time was 40 msec real time. Zcro dB correspond$ approximately to SO dB SPL.

50 msec
Fig. 2. Sonograms of typical sounds.

DISCUSSION
The results of the present study show a consistent
d ifference In amplitude of the ultrasonic component
of the sounds produced by the tsetse fly during
feeding and during mating. Furthermore, the
sound produced by the female differs from that
produced by the male with regard to presence of
ultrasonic components. The low frequency components also show some differences but these are far
less prominent than the ones displayed by the high
frequency components.
We hypothesize on basis hereof that sound may
constitute the prerequisite for communication
between tsetse flies and that the ultrasonic compo·
nents of the sounds most likely carry the most
Important part of the information.

~
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AESTIVATION DIAPAUSE IN SOME EQUATORIAL INSECT PESTS
Director of Research:
Professor Jan de Wilde

The ecological importance of dlapause is still
vague. Mean temperatures during August, the
coldest month in Nairobi, border the threshold
for diapause Induction, but apparently many years
can elapse Without the fly actually entering dlapause.
Two species have been reared outside throughout
the year In Nairobi and only occasional pupae were
seen to enter dlapause In August; none entered
dlapause during other times of the year. Thus it
appears that whilst the potential for dlapause is
wlderspread in the gene pool of the equatorial
flies, It Is Infrequently used.

Scientists:
Dr. D. L. Denlinger
lr. P. Scheltes
Mr. K. Ogwaro

FLESH FLIES

Neuroendocrine aspects of the equatorial dlapause have been examined most extensively In
Sarc:ophaga inzl. Injection of ecdysterone can
terminate the dlapause-thus supporting the
concept that pupal dlapause In Sarcophago is an
ecdysone-deficiency syndrome. Several small doses
of ecdysterone are more effective than a single
dose of the same total amount. This observation
suggests that pupae are caused to enter dlapause
by the reduction of ecdysone production. The
role of juvenile hormone In diapause termination
Is obscure: by Itself It Is Ineffective, but when
applied simultaneously with ecdysterone the speed
at which dlapause Is terminated Is much greater
than when ecdysterone alone Is applied. Topical
application of a wide variety of chemicals (e.g.
acetone, hexane, etc.) can also trigger the termination of dlapause, but they are effective only
If the pupal brain is Intact. The normal mechanism
for dlapause termination therefo re appears to
require the Initial activation of the brain.
Data collected from Malaise traps In the Nairobi
National Park and the Olorgesaille Prehistoric
Site presents an approximate picture of Insect
seasonality that can be correlated with environmental variables such as rainfall and temperature.
This trapping was established to roughly identify
seasonal periods characterized by low numbers
of Insects which In turn might serve to identify
dlapause seasons. It is appreciated that several
years of data would be required to adequately
assess seasonal changes In insect density and
diversity. From the 20 months of data already
collected lt Is apparent that there is a great deal
of variability from year to year; the extensive
drought preceding the long rains In 1974 reduced
the insect density to .an unprecedented low, and
the peak In activity following the short rains In 19n
was not repeated In 1973. Trapping will be terminated at the low rainfall period of Olorgesallle
after completion of the 2-year period, but records
will continue to . be kept from the trap in the
Nairobi National Park.
The analysis of data collected from Insect traps
and laboratory experiments on environmental
and endocrine regulation of dlapause In equatorial
Aesh flies will, it Is hoped, provide basic Information
on the mechanism employed by equatorial Insects
for survival during adverse periods in the tropical
envl ron ment.

(Sarc;ophagidae)

INTRODUCTION
. In the temperate regions insects commonly
circumvent adverse environmental conditions by
entering dlapause. In this environment seasonal
change In day-length plays a dominant role as an
environmental token Informing the insect of the
advent of the adverse period. In the tropics Insects
are not confronted with the same seasonal environmental changes, and on the equator the potential
for utilizing changes In photoperiod as a seasonal
cue Is minimal. This project was undertaken to
Investigate whether the potential for diapause
exists In equatorial Insects and if so, what the
environmental factors causing Its induction are
and how mediated. Flesh flies (Sarcophagldae)
have been used as the experimental animals,
Weekly trap samples of insects have also been
analyzed since August 1972 In order to get an
over-view of Insect seasonality in the East African
environment.

RESULTS AND DISCUSSION
Nlhe different species or strains of flesh flies representing populations from Nairobi (loS, highland),
Mombasa (4oS, lowland), Addis Ababa, Ethiopia
(9°N, highland) Mbeya, Tanzania (9°S, highland)
have been reared In the laboratory for investigations
on environmental regulation of diapause. A pupal
diapause has been found In flies from Nairobi,
Addis, and Mbeya; definitive experiments have
not yet been completed for the Mombasa flies ,
Photoperiod Is ineffective for dlapause Induction.
Temperature du ring larval development Is the
Important factor responsible for dlapause Induction. As Is seen in Figure I, at ISQC a few
Indlvlduals enter dlapause and increasingly more
enter this state with lower temperatures. Moisture
content of the larval medium also influences the
induction of dlapause. A 10% Increase in moisture
content Increases the Incidence of diapause by
about 10%: conversely a decrease in moisture
content decreases the Incidence of diapause.
The diapause Is terminated by high temperature;
dtapaustng pupae at 12oc will begin developing
~f~~r 3 consecutive days at 25°C.
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MAIZE STEM-BORERS

sunshine, evaporation, growing stage and water
content of the plant--are correlated with percentage diapausing larvae.
Dlapause In Chilo occurs during the final larval
lnstar. This condition permits survival as a larva
for several months. Relatively rapid pupation or
death {computed statistically) is therefore a reliable
criterium for determining the absence of dlapause.
This study utilises two en vi ron mental conditions
with this assessment:
Method I, where t he larvae are provided with
wheat germ diet or pieces of fresh mai::te stem
(Katiyar and Long, 1961; Usua, 1973) and Method
:2, where the larvae are permitted to crawl Into
holes bored In old, completely dry maize stems
without other food. Since results Indicate that the
environment In Method I is effective In breaking
dlapause, Method 2 In which non-aestivati ng larvae
either die from lack of food or pupate (Fig. I) is
preferred .
Oxygen consum ption Is also used as an indication
of diapause and Is measured with a Scholander
micro volumetric respirometer Model VR-300.
The juvenile hormone mimic Is ZR 619 (ethyl
11-methoxy-3, 7, 11-trimethyldodeca-2, 4 dienethlolate, Zoecon).

(Chilo argyro/epia Hmps. and C. zone/Ius Swlnhoe)

INTRODUCTION
Lepidopterous stem-borers have long been
considered major International pests. Whilst the
damage to maize has not been assessed, it is known
that Infestation of both malte and sorghum may
vary between 10% and 40%. Reduction In rice
and sugar cane sucrose content
harvests of I%-1
of 2-3% {below the normal 15- 18% sucrose
content) are not uncommon {Jepson, 1954).
Whilst considerable research has been orientated
towards the active phases of stem-borers In the
tropics, little attention has been paid to the aestivating stage. Considering that survival through
the dry seasons between crops Is probably dependant upon diapause, this research omission is
remarkable. An understanding of the factors
which Induce and terminate aestivation might
well provide the means for control without the
pollution that Is so prevalent in this age.

o%

MATERIALS AND METHODS
All field material and field data are obtained from
the National Agricultural Research Station In
Klkambala (Coast Province). Of the 3 naturally
occurring maize stem-borers, only Chilo zone/Ius
Swinhoe and C. argyrolepia Hmps. are being studied
and of these C. zone/Jus alone Is reared In the
Nairobi laboratories on wheat germ diet {Chatter]!
et al., 1968).
A maize stem is recorded as Infested If it is fou~;~d
to contain one or more living larvae.
The following environmental criteria:- temperature, relative humidity, rain, hours of bright

RESULTS AND DISCUSSION
Ecological studies
The level of Chilo Infestation of maize stems tends
to be relatively low ( 15% with occasional peaks
of up to 30%) In maize pYanted early (~prilfMay)
In the rainy season. Understandably, mfestatlon
Is greater (up to 40--50%) In maize planted later
{June/July) In the rains or under Irrigation In the
dry season (JanfFeb).
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One and sometimes two larval peaks may occur
In a single crop. Normally young stems are more
heavily Infested than older plants. Infestations
generally fluctuate from 0.3-0.5 larvae/stem, but
an average of I larvafstem Is not unusual. Whilst
pupae may be common In young nems, they
become increasingly rare as the plants dry out,
and are absent In dry stems where final instar
larvae arrest development by aestivation. Only
on the re-occurrence of rains are pupae again found.
Earlier observations summarised In the I 973
report lead to the tentative suggestion that conditions within the host plant were the major factors
Influencing diapause. These Investigations have
been continued and the environmental factors
prevailing during two peak dlapause periods
are noted In Fig. 2 and Table I. As can be seen,
these comparative data do little to clarify the
issue- many factors, both climatical and the
physiological conditions of the plant, vary widelyyet In both instances aestivation peaked. The only
obviously common enviro nmental feature was
Jack of rain. Of interest In these data in the implication that neither the water content of the stem
nor its age seem to be deciding factors in the
Induction of aestivation-for in the earlier peak,
the stems were not yet mature and their water
content was relatively high ("- 80%).
The lnfluenC"es of the water content of diet
(reduced from 86% to 75%). glucose and casein
content of diet and (Table If) temperature upon the
induction of diapause were Investigated in the
laboratory. Although In some Instances (low
glucose andfor casein contents, high temperature)
the larval lifespan could be prolonged significantly,

it has yet to be proven whether or not these factors
influence dlapause Itself.
Since repeatedly disturbed (for purposes of
examination) diapauslng larvae deposit considerable
quantities of faecal pellets, the possibility that
dlapausln~ larvae require food was investigated.
Results (Table Ill) clearly Indicate that food is
unnecessary since 8-month aestivating undisturbed
larvae produce only half the faeces deposited In
I week by disturbed larvae. It is therefore suggested
that these faeces merely represent the amount
of stem Ingested for purposes of excavatl ng suitable
pupation chambers. The weights of aestivating
larvae never Increase as do those of non-aestivating
larvae, In fact they usually decline slightly whether
or not diet is provided. This supports the suggestion
that aestivating larvae do not normally feed .

Morphological studies
Field studies Indicate that non-aestivating larvae
gradually lose their pinacufar spots as they
Increasingly enter the diapause condition. In totally
dry maize, all larvae are Immaculate (without
spots).

Physiological studies
Oxygen consumption and water content were
studied In relation to non-diapauslng and diapauslng
Chilo larvae. There is a marked drop In water
content and decrease In oxygen consumption
with dlapause. These findings are comparable with
those of other authors on different Insect species
(Table IV).
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Fig. 2. Percentage of aestivating larvae of Chilo zone/Ius and Chilo orgyrolenia In relation to rainfall and watercontent of the maize·
plant In an experimental flcld at Kikambala, Coast Province, Kenya.

Table I. Environment:~l, numorical, morphological and physiological differences of two groups o{ aestivating Chilo larvae, obtained
from maize stems at different times of the year In one experimental field at Klkambala, Coast Province, Kenya

Period during whkh aestivating larvae were obtained
18.7-8.8.73
Climatic conditions two weeks before and during the period that
aestivating larvae were obt:llned:
minimum temp.
maximum temp.
RH (average 9.00 a.m. and 3.00 p.m.)
rain (mm.)
hrs. of bright sunshine
per day:
~
hrs %
~ IOhrs%
evaporation C: 5 mm. %

a

Plant physiological conditions:
stage
watercontent stem (%)

~2o•c

12.9-26,9.73

-so•%
18.0

-22•c
-Jo•c
-75%
25 .3

58

90

~29•c

19

43

42

93

shortly after tasselling
70-80

one month after maturity
10....20

Morphological differences of larvae;
coloul'l\tlon
headc:apsu le width (mm)

spotted

Immaculate

1.-4-1.5

1.6-1.7

Physiological differences of larvae:
life span of larvae (days)
maximum % aestivation

17.6-22.0

20.6-2-4.3

35

94

54

Table II: lnflutnco ol temperature on the tlmt required for pupation of 1st, 3rd and 5th lnstar II.I'VU of Chilo zone/Ius
1st lnstor lorvoe

Temp. regime •

2Sf25aC
3Sf25°C
37/25"C
41/25"C

Time required for pupotlon (doyJ
3rd lnstar larvae

± S.D.) for
5th lnsror larvae

!jl

&

~

&

~

&

35.8;:!:6.8
29.8± 2.7
35.0::1:2.7
37.0:1:5. 9

29.1;:!:~.8

26 .9±7.3
35 . 1±11.-4
-42 .3±11.6

28.8;:!:6.6
23 .3::1:3.-t
24.7::1:6.2
..... 2± 15.3

21.8±6 .9
20.0±4 .7
21.6±2.-4
37.1±11.2

21 .0:1:6.3
15.7:1:4.7
16.4± 6.2
27.4±5 .0

10.5±6 .7
9.2±3.9
14.2±5.1

14 .·4± 4 .~

•6 hr1 "hl&h temperature"
18 hr$ "low tamperature"

Table Ill, Excrement production (mg dry weight of dry malzeJIOO mg larva ± S.D.) of aastlvatlng larvae In dry maize $!:ems
when disturbed twice a week or when left undisturbed

larvae
undisturbed

larvae disturbed 2 X week
toto/ excrement production after a period of
weeks
3 weeks
4 weeks

I week

2

6.28::1;;5.1 2

9 .76±-4 . 17

13.33± 5.21

8 months

11 .08±5.51

3.01:1:7.31

Table IV. Comparison of oxycenconsumptlon and watercontent of 'ome fully grown dlapauslnc and non-dlapauslnc stemborer
larvaa

Species

oxygenconsumptlon
(Jllfmg dryfhr)

diapouse
Pectlnophora
gouyplella
Pyrausta nubllalls
Dlatraea
grand losella

0 .61

non-dlap.

diapause

non-d/ap.
Adkisson, Bell and Wollso (1963)

3.63

1.17± 0.-41 (early dlap)
0,59±0.20 (late dlap)

2.20;:!:0.38

0 .85:1:0.01 (early dlap)
0."45:1:0 .00 (late diap)

2 , 32±0. r 1

Dlatraoa
crandlosella
Chilo xonellus

Author (s)

water(%)

66.5 (early dlap)
52.2 (late dlap)

76.6

Yin and Chippendale (1974)
65 ,0

2.61 ±O.n (early dlap)
1.06±0.25 (late dlap)

4.26:1: 1.20

Back and Hanec (1960)

69.5

Preliminary Investigations concerning the Influence of juvenile hormone and ecdysterone upon
dlapause tentatively indicate that the Induction
and termination of aestivation are largely determined by varyIng the balance of these two hormones.
Twice weekly applications (of 2jlg.) of juvenile
hormone In acetone for a 4-week period onto the
thorax of newly moulted LS larvae Induced 1-3
stationary ecdyses. These giant larvae were immaculate which In the field Is an Indication of aestivation.
The larvae were divided into two groups, one of
which was fed on wheat germ diet and the other
placed Into dry maize stems. Whilst all surviving
larvae placed in the artificial diet pupated. none
of those ln. the dry maize pupated within the
following month. Reference to Fig. I suggests that
the latter larvae had entered diapause. This Interpretation Is supported by the oxygen consumption
figures which were recorded 3 days after the
larvae were divided Into 2 groups (Table V).

Chippendale and Reddy (1972)
80 .8

These data, it Is suggested, Indicate that a high
titre of juvenile hormone Is a requ irement for
the Induction of the aestlvatlon-diapause condition
in C. zone/Ius.
The Influences of hormones upon the termination
of dlapause were studied using field-collected
aestivating larvae (Table VI).
Results indicate that neither a reduced titre of
juvenile hormone alone (ligated controls) nor
high tltres of both ecdysterone and juvenile
hormone (non~llgated ecdysterone-inoculated larvae) are effective In terminating diapause, It would
appear that aestivation Is term inated by the
combined Influences of an Increase In ecdysterone
together with a reduction In juvenile hormone
tltres (ligated, ecdysteron~lnoculated larvae). It is
understood of course that It Is still necessary to
prove that the "head factor" (prevented from
entering the body by ligation) is Indeed juvenile
hormone.
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In the field, it would appear that lack of rain
results in, and the advent of rain terminates,
dlapause. The manner In which Information concern~
lng rainfall Is conveyed to the larvae ha$ still to
be determined.
Evidence tentatively Indicates that aestivation
Is Induced by a high titre of juvenile hormone and
is terminated by a combination of high ecdysterone
and low juvenile hormone tltres. Similar results
have been obtained for C. suppressalls (Fukaya
and Mltsuhashi 1958) and 0/atrea grandlosella
(Yin and Chippendale 1973, 1974).
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Table V. Oxygen consumption of eJ<perlmental and control
larvae (See text)

Oxygen consumption

(~-tl

Experimental larvae
m
m
wheat germ
dry
maize stems
dic!t
0.52
( ± 0 . 13)

0 .38
(:J:0.09)

02 /rng wet weight/hr)

Control larvae
Non·dlapausc
Deep
(laboratory)
diapousc!
(field)
0 . 81
(±0,26)

0 .25
( ± 0.09)

Table VI. lnfluonco of ocdysterone and juvenile hormone
(ligation) upon termination of dlapause

Aestlvatint Larvae

SORGHUM SHOOT FLY
(Atherigona varia ssp soccata)

Controls
5J..I Ecdy$terone

inoculated
Not lieatf!C/

Head lieated

Stationary
ecdysis (ie,
remained In
dlapauso)

Pupated
(i.e. Diapause
torrnlnatod)

SJ..I saline

No.

Inoculated

creotment

Not ligated
Nil

INTRODUCTION
Sorghum (Sorghum blcolor) has a complex of shoot
flies now generally known by the name of Atherlgona
varia soccata . (Rond). This name was first used by
Hennig (1961) to Include all African, Indian and
Mediterranean populations from sorghum. This
Inevitably led to taxonomic confusion (Pont 1971)
which continues today.
Initial Investigations (carried out at the Klbos

Head lltated
Nil
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field station} therefore are orientated to the
determination of the taxonomic position of the
local shoot flies, taxonomic characters of the
larvae and the life histories of the flil~s. Diapause
studies will follow.

RE.SULTS AND DISCUSSION
Preliminary life history data are recorded in Table
I and Fig. I and are self-explanatory. Oviposition

occurs on the host plant and continues with
Increasing irregularity throughout the female's
life. The maximum number of eggs recorded for
one female Is 75. Although several eggs may be
oviposited on Individual plants, only a single larva
may parasltlse the central shoot. Pupation occurs at
the base of the plant. The full life cycle is concluded
In 27-30 days.
Taxonomic studies of the larval instars await
the development of an artificial diet.

Table 1. Llfe-Cyde (days) of Alherlgono varia so"ato (R.ondanl) on Sorghum bicolor at Kibo$
fggJ

Ran&e
Average
Number of observation:;

2-S
3 approx.
726

larva

Pupa

11-15
13.14

10-11
11.78

24

74

Average total
life·c:ycle

Adult Longevity
Females
Males
10-16

27.92

26 .-4
60

7-39
19 .7

30
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Pont, A. C. (1971). A Review of oriental species of Atherigono
Rondanl (Diptel"'l: Muscidae) of Economic: Importance.
In "Control of Sorghum Shoot Fly". Ed. M. G. Jotwanl
and W . R. Young.
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Neither the fleshfly nor the locust, which are
discussed below, are target Insects. Research on
the reproductive physiology of target insects has
been included under the t itle ofthe Insect concerned. Investigations were initiated on fleshflies as a
substitute for tsetse fl ies whose sperm were
found to be unsuitable fo r certain physiological
work {see ICIPE 1973 Annual Report). Schistocerca
gregoria Is being utilised to further our general
knowledge on spermatophore formation . It has
been selected because of Its economic Importance
and because laboratory rearing techniques are
well established. It is hoped that results obtained
on these two types of Insects will facilitate future
studies on the ICIPE target insects.

THE PHYSIOLOGY OF FLESHLY
SPERM
(Sarcophagldae)

INTRODUCTION
Whereas considerable knowledge has been
accumulated about the physiology of mammalian
and sea urchin sperm, very little Is known about
the physiology and biochemistry of arthropod
sperm. Since such Information could be very
relevant to certain methods of Insect control
(e.g., "sterile-male" technique), the aim of this
project is to investigate some aspects ofthe biochemical physiology of fly sperm, with particular
reference to factors affecting motility of the sperm
during and subsequent to their transfer from male
to female. Investigations have concentrated on
sperm activation during copulation.
Work on sperm activation In fleshflles stems
from the observation that sperm are generall y
lmmotlle In male flies until they are eJaculated,
when they become vigorously active. Results
reported in the first ICIPE Annual Report ind icated
that the sperm of tsetse flies could be activated
simply by releasing the sperm from the tsetse into
a buffered saline solution. However, motility was
found to be short-lived under such conditions
unless certain substrates, e.g., citrate, were added
to the saline.
The work reported below Includes a preliminary
analysis of conditions suitable for motility of
Sarcophaga (flesh fly) sperm and measurements of
their oxygen consumption.
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The methods of dissection of sperm, media used,
and the nature of th e respirometer were described
In the 1st ICIPE Annual Report. Sperm were always
taken from the "bulbs" (see results} of the t estise
of 3 to 5 week old virgin males. A med ium containIng 0.12 M NaCI, 0.03 M KCI, 2 mM CaCI ~, lmM
MgCI 2, 50 mM HEPES (or Trls), 10 mgf ml bovine
serum albumin (crystalline), 50 ~tg/1 penicillin,
and 300 J..lg/1 streptomycin was used for measure·
ments of pH optima. Respiration of sperm from
the testis of virgin males was measu red In 5 to
6111 of 0.02 M HEPES- KOH, pH 6.9 or 7.2,
containing 10 mg/ml bovine serum album in.

RESULTS AND DISCUSSION
Unlike tsetse sperm, Sarcophaga sperm are not
completely mature w hen the adult fly emerges from
the puparlal case. Mature sperm are found only
In the small proximal {posterior) "bulb" of the
testis (Fig. I) ; only these sperm become motile
when the testes are opened in a saline solution.
Sperm from the more distal end of testis not only
are not capable of motility but also are generally
still In bundles and show globular remnants of
cytoplasm adhering to the flagella. During the 4
to 8 weeks of adult life, the sperm mature and
move Into the basal bulb of the testis, until more
than 50% ofthe total number of spe rm (in unmated
males) are located in the bulb.
During copulation, the sperm are deposited at
the openings of, o r actually In, 2 of the 3 spermathecal ducts. No distinct spermatophore Is formed.
Experiments with media ranging from pH 4.7
to 9.0 revealed a broad pH optimum between ca
pH 6.4 and 8.4. Unlike tsetse spe rm, Sarcophaga
sperm were not stimulated by the addition of
20 mM citrate In t his pH range. Howeve r, a marked
enhancement of motility by citrate was observed
In the narrow range of pH from 5.5 to 5.7: under
these conditio ns, motility was much more vigorous
and prolonged than at pH 6.4 to 8.4. The sign ificance
of this phenomenon Is still under investigation.
pH measurements were made of one lot of 4
testis torn apart In IOf.ll of distilled water and
another lot of 6 testis torn apart In 20 J.d of 0.15
M NaCI. These showed pH values of 6.8 and 6.5,
respectively. The pH of ejaculated sperm was not
measured due to its very small volume.
In several experi ments, the oxygen-consumption
of Sarcophaga sperm was Initially {I.e. , 30 min.
after the start of incubation to allow for equil ibration of the respirometer) about 40 t o 50 J.tl/ I()8
sperm/ hou r at 25°C. In one ex periment, the
ox ygen consumption after 3 hrs was about i of the
o riginal value; microscopic observation of the
sperm indicated motility was still quite vigorous.
In a second experiment, the oxygen consumption
after 3 hrs was about 1/ 10 of the original value;
In this case, mot ility had ceased altogether.
Whether this reflerts death of some of the sperm
as well as the cessation of motility Is not yet clear,

J
2 DAYS

19 DAYS

48 DAYS

Fig. I, Tens of vlr&ln male Sarceph11ga at various ages after adult ecloslon. Tho bars Indicate the Increasing relatlvo size of the
''bulbs",

Locurto migrator/a mlgratorloldes (Gregory, 1955).

Since these respiratory rates were surprisingly
high, the oxygen consumption of fresh bull sperm
(obtained through the courtesy of the Veterinary
laboratory Kabete) was measured In the microrespirometer. The oxygen consumption of both
undiluted semen and semen diluted I :3 with egg
york-phosphate buffer (Mann, 1964) were compar-able with literature values (Bishop et o/., 1954; Bishop
and Salisbury, 1955), indicating that the apparatus
was functioning correctly.

In this species the fully formed spermatophore
consists of a thin-walled, dilated reservoir that
remains within the male copulatory organ during
copulation, and a long, blind-ended tube that
passes Into the spermatheca of the female. Schlstocerca differs from Locusta In that Sch/stocerco gregoria
produces more than one spermatophore during
each mating (Pickford and Padgham, 1973). As
many as 14 small (1.5 mm) spermatophores may be
produced during a +hour mating period. The
16 pairs of accessory glands in S, gregoria have
been examined histologically and histochemically
and classified into 9 types (Odhlambo, . 1969).
Analysis of the secretions with disc electrophoresis
has shown that each of the 16 glands have different
staining patterns for protein and carbohydrate.
The purpose of the present study is to investigate
the contribution from different accessory reproductive glands for sperm transfer and spermatophore formation In 5. gregoria. This objective will
be achieved by: (I) Investigating the events leading
t o spermatophore formation (much of this has been
done by Pickford and Padgham, 1973); {II) extirpating Individual pairs of male accessory glands
and allowing these operated males to mate with
virgin females; and {Ill} Investigati ng changes
occurring in the protein, carbohydrate, and lipid
patterns in the functional accessory glands at
different times during spermatophore fo rmation.
Histochemical and chemical analysis of the spermatophore Itself at different stages of formation
will also be done.
During the last months the first obJective has
been achieved, and attempts have been made on
the second objective.
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SPERMATOPHORE
FORMATION
IN LOCUST
(Schlstocerco gregoria)

INTRODUCTION
In insects that make use of a spermatophore
for the transfer of seminal fluid from the male to
the female, the spermatophore Is usually formed
from secretions of the male accessory reproductive
glands. Spermatophores have been reported In
several orders of Insects (Davey, 1960} and occur
particularly widely In the Orthoptera. In spite of
the wide occurrence of spermatophores for sperm
transfer, little is known about their chemlc.al
composition and formation .
Detailed Investigations have been reported on
the formation and fate of the spermatophore In

MATERIALS AND METHODS
To Initiate mating, virgin females were Introduced into cages containing males only. After they
had mated for S- 7 minutes, pairs were gently
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removed from the cage and transferred Into 90 x 80
mm kllner Jars. At various time Intervals locusts
were transferred Into a deep freeze to slow and
possibly stop, the process of sperm transfer. Both
the males and females were dissected to observe
(I) the active accessory glands in the males and (2)
spermatophores and sperm In the spermathecal
complex of the female . .
For extirpation of the accessory glands adult
males of S. gregoria (14-16 days after Imaginal
ecdysis) were anaesthetized with C02 , abdomens
were wiped with methanol, and a vertical cut was
made on the lateral side of the IXth sternal segment.
Both accessory glands masses could be removed
through such an Incision. After the extirpation
the wound was sealed with paraffin wax. For the
sham-operated locusts a vertical cut was made
on the IXth sternal segment, and the wound sealed.
For single gland extirpations, an Incision was
made on the Vlllth sternal segment. Although most
of the paired gland masses can be pulled out from
the Incision, It Is a problem to put the remnants
back Intact following the operation.

from gland II or 12 at the tip of the spermatophore
tube.
From dissection of the males It Is possible to
observe which accessory glands are depleted of
secretion and which of them are "actively pumping"
their secretion Into the ejaculatory duct. Glands
I, 2, 3, and 5 were observed to "actively pump"
their secretions.
The spermatophore Is a transparent structure
with a thick-walled tube and a thin-walled bulb.
During sperm transfer the spermatophore tube
penetrates a very short distance into the spermathecal aperture of the female. Sperm have occasionally been observed slightly active In the spermathecal duct In contrast to what Pickford and
Padgham (1973) have reported. Sperm from the
spermatheca remain active for longer periods
than do sperm taken from the seminal vesicles
of males when exposed to locust Ringer.
Sperm bundles have also been observed In the
pre-apical diverticulum. After long periods of
mating, sperm are found In both the apical diverticulum and the pre-apical diverticulum.
The operated males were used for mating with
virgin females a week after the operation. About
90% survival of the operated males was obtained.
Results Indicate that extirpation of male accessory
glands prevents sperm transfer and spermatophore
formation.
Sham-operated males copulate with and inseminate virgin females successfully. Spermatophore
production Is normal, I.e. about 6 spermatophores
were formed when some of these males were
allowed to mate for 4 hours or longer. Loose sperm
and sperm bundles were also present In the spermatheca of the mated females.
Although quite a good survival rate has been
obtained amongst males with a single pair of
accessory glands extirpated, none of these males
have successfully inseminated virgin females. The
difficulty arises when, after selective extirpation
of Individual pairs of accessory glands, the rest
have to be put back Intact. It is suspected that
the remaining glands are severely damaged during
the operation.

RESULTS
In these experiments observations were made
by Interrupting copulating pairs at different time
Intervals from 10 minutes up to 120 minutes
after the onset of copulation (mating can last as
long as II hours). The observations have been
grouped as follows: 0-30 minutes; 30-60 minutes;
and 60-120 minutes.
0-30 Minutes

The earliest that a spermatophore has been
observed was 10 minutes after copulation, at
which time sperm were also present In the spermathecal duct. During the 30-mlnutes period the
spermatophore was observed In between the
female ovipositors. Inactive sperm were collected
from In between the ovipositors and/or around
the aedegus. After 30 minutes sperm were In the
spermathecal duct or the preaplcal diverticulum
of the spermatheca.

REFERENCES
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toria migratoriofdes Reiche und Falrmalrc. Trans. R.
Ent. Soc. Lond. 117: 33-66.
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At least one and a maximum of two spermatophores were observed in between the ovipositors.
An additional spermatophore was normally seen
being extruded out of the aedegus.
60-120 Minutes

Normally 2 spermatophore$ were observed in
between the ovipositors with a third extruding or
already extruded out of the male aedegus. Spermatophores that were being extruded out of the
male aedegus had an oil secretion inside the
spermatophore and a secretion resembling that

Ent. IOS1 613-618.
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HORMONES, FLIGHT AND MATING BEHAVIOUR
Scientist:

(Series 1), or IS minutes (Ser ies II and Ill) each t ime.
Each roundabout was connected to an electric
counter and the number of revolutions made by
a locust within such a test was noted. The results
were averaged within each series for a similarly
treated group of locusts flown on the same day.
These averages constituted the parameter for
measuring flight activity and are shown in the
figures.
Experimental locusts were kept under 12 hours
light and 12 hours darkness In a temperature·condl·
t loned room. The electric bulbs providing the
illumination heated the locust cages from the
outside and so raised the temperature within the
cages during the daytime over that of the room.
Nightly minimum temperatures of 24-26°C were
recorded In the room (and in the cages), while
maximum day-temperatures In the cages fluctuated
between 33-40°C, Flight performance was tested
at 28± 1°C.

Professor M. P. Pener, Research Associate

NEUROSECRETION AND FLIGHT
ACTIVITY
(Locusta migrator/a mlgratorlo/des)

INTRODUCTION
Several endocrine glands, namely the corpus
allatum (CA) and the corpus cardiacum (CC)
seem to affect flight activity in locusts and other
Insects (Wajc and Pener, 1971 : Goldsworthy eta/.,
1972; Caldwell and Rankin, personal communication). Nevertheless, the possible effect of the
median neurosecretory cells (MNSC) of the pars
lntercerebralis (PI) upon flight performance was
not investigated in insects. After initiation of the
present study, Miche.l and Bernard ( 1973) reported
that destruction of the PI drastically reduces
sustained flight In the desert locust (Schistocerca
gregoria), but Goldsworthy (personal communication) concluded that cauterization of the MNSC
does not affect flight In the African migratory
locust. The possible role of the MNSC In control
of flight activity of the African migratory locust
constituted the subject of the present study.
Michel and Bernard's (1973) and Goldsworthy's
(personal communication) Investigations did not
invalidate this subject, since the conclusions drawn
by these workers are controversial.

RESULTS AND CONCLUSIONS
Series I
Initially 12 PI-coagulated males, 12 sham-operated
controls and 12 unoperated controls were used.
If a male died or Its wings were damaged (unfortunately, locusts kept together under crowding eat
and damage each other's wings) it was replaced
by a similarly treated one, Insofar as these were
available. The experiment was concluded at the
end of the 5t h week following treatment; at this
time 9 males remained and were tested In each
group.
The average numbers of revolutions per 30
minutes, as performed by these males in each
test, are shown In Fig. I, which demonstrates
that there Is no marked difference In the flight
performance of sham-operated and unoperated
controls. On the other hand, the figure Indicates
less Intense flight In PI-coagulated males. Individual
variations were, however, extremely high and
preliminary statistical analyses {t-tests) revealed
that concerning single tests of fl ight, in most cases
the difference between PI-coagulated males and
either group of controls was statistically not significant.
It was necessary. therefore, to employ a greater
number of locusts fo r subsequent Investigations.

MATERIALS AND METHODS
A culture of Locusta migrator/a mlgratorloldes
originating from the Anti-Locust Research Centre
(now Centre for Overseas Pest Research), London,
had been maintained from 1953 till 1972 In the
Department of Entomology, The Hebrew University,
Jerusalem. In 1972 eggs were sent to the Inter national Centre of Insect Physiology and Ecology,
Nairobi, and Fhe breeding developed from these
eggs constituted the stock material. Locusts were
kept under conditions of crowding.
Only male locusts were employed for the present
Investigatlons.
Electrocoagulation of the PI was performed by
Girardle's {1966) method (see also Pener et a/.,
1972). Allatectomy was carried out accord ing to
Joly's {1960) technique. Sham-operations Included
all the surgical Interference, except actual coagulation of the PI, or actual removal of the CA. All
these treat ments were performed 2± I days following moult to adult stage. Unoperated controls
were simply removed from the stock at the
same age. All operated and control locusts were
Individually marked.
Investigations on flight performance were lnltla·
ted 8 days (Series 1), 6 days (Series II), o r 9 days
(Series Ill) following surgical or control treatments.
the locusts were flown Individually on a roundabout
without any specific stimulation and every consecutive week were tested twice for 30 minutes

Series II
Since the available number of roundabouts was
limited to two, only PI-coagulated males and shamoperated controls were used In this series, and
flight duration was reduced to 15 minutes In each
test (twice per week). Initially 46 males were
employed for each }roup, but In contrast to
Series I, If a male die or Its wings were damaged
It was not replaced, Thus, the number of locusts
decreased from test to test, but even at the beginning of the 6th week, when the experiment was
concluded, 29 sham-operated and 31 PI-coagulated
males were flown (Fig. 2).
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Preliminary statistical analyses (t-tests) revealed
that the differences between PI-coagulated males
and sham-operated controls were statistically not
significant In the sole test of the first week (p > 0.5)
and In the first test of the lnd week (0.4> p > 0.2).
However, In the second test of the 2nd week, the
difference was highly significant (0.005 > p> 0.001).
In the majority of the later tests the differences
were significant.
The t-test must be regarded as a preliminary
statistical analysis. The usage of this test Is, in fact,
Incorrect, since the same, or almost the same

locusts were employed In consecutive flight tests.
It Is intended to use analysis of variance for those
males that were flown during the whole duration
of this experimental series.
However, summarizing the cumulative flight
performance of all the males flown from the second
test of the 2nd week (first case when the difference
was found to be significant by t-test), till the first
(and only) test of the 6th week, allows for a Justified
usage of the 1-test. This summary shows a cumulative flight performance of 2136.86± 833.94 (average±s.d) revolutions for sham-operated controls
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controls (8 for PI-coagulation and 7 for allatectomy)
were tested. Results of the flight performance are
summed up in Fig. 3.
Preliminary statistical analyses (l-tests) revealed
that PI-coagulated males exhibited less intense
flight than the controls (In four tests, p~ 0.05;
In three tests, 0.1 > p > O.bS). No significant dlffe~
renee was found In either the first or the second
test of the 2nd week between allatectomlzed
and sham-operated males (p>O.S): in the first
test of the 3rd week the difference became more
marked (0. 1> p> 0.05), and In all later tests It was
significant (p <0.025). Finally, allatectomlzed .males
flew significantly (p < 0.025) better than PI-coagula@
ted males In the first test of the 2nd week, but
less so In the second test of the same week
(0.1 > p > 0.05); from the 3rd week onwards no
significant differences were found between these
two groups (In all five tests p > 0.5).
Fig. 3 and these statistical analyses show that
flight performance of the Pl~coagulated males
was less Intense than that of the controls. Flight
performance of the allatectomlzed males was
similar to that of the controls in both tests of the
2nd week, It decreased in the first test of the
3rd week; and in subsequent tests, it became
roughly the same as that of the PI-coagulated males.
Inactivity of the CA seems to be, therefore,
the main causative factor leading to less Intense
flight of the PI-coagulated males. This activity,
however, cannot constitute the only factor Involved, since even complete lack of the CA (allatectomy) resulted in a decrease of the flight only
from the 3rd week onwards, while flight performance of the PI-coagulated males was already
reduced in the 2nd week.

(n - 29), and of 1500.16±999.65 revolutions for
PI-coagulated males. Despite the huge variations,
the difference Is statistically significant (p=O.OI).
Taking the flight performance of sham-operated
controls as I 00%, that of the PI-coagulated males
Is about 70%.
Electrocoagulation of the PI, therefore, seems
to reduce flight activity in male African migratory
locusts. The effect, however, Is slight during the
first 6-9 days after operation (8-11 days after
moult to adult stage) and only becomes marked
later.

Series Ill.
The effect of the PI- on flight performance
of the Afrlcan migratory locust may be direct,
Indirect, or both. Since in this insect the C--cells of
the MNSC activate the CA (Giratdie, 1966; Pener
et a/., 1972), and the CA itself affects flight performance (Wajc and Pener, 1971; Goldsworthy
et a/,, 1972), lower flight activity of the P-coagulated males may wei! be a result of the Inactivity
of the CA. This possibility was Investigated in Series
Ill of the experiments.
Initially, 16 PI-coagulated males, 26 allatectomized
males and 28 sham-operated controls (14 shamoperated locusts for PI-coagulation and the other
14 for allatectomy) were used. Males that died,
or those In which the wings became damaged,
were not replaced by others. Due to unknown
reason(s) mortality was high, especially In the
PI-coagulated and the sham-operated groups.
In the first half of the 5th week, when the experiment was completed, only 6 PI-coagulated males,
23 allatectomi:l;ed males and 15 sham-operated

z

350

~
~

o-----o sham - operated males

c::
~

0-·-· -·-D allatectomized

mol&s

•

males

• PI- coagulated

II)

z

0

~

0

>
UJ

200

0::

u..
0

150

0

z

UJ

(!)

100

<C
0:

w

~

DAYS AFTER TREATMENT
WEEKS AFTER
Flf.

TREATMENT

3. Flight performance of loc:U5ts In Series Ill of the experiments 0----0 = 5ham·operated m~es; . _ . = PI-coagulated
males 0 - -0 = allatectomlzed males.

103

The latter finding does not necessarily contradict
the results of Series II In which no significant
differences were found during the first 6-9 days
between PI-coagulated males and controls. In the
present series the tests started only 9 days after
operations, while In Series II they started on the
6th day, Furthermore, day- (but not night-)
temperatures In the locust cages were higher
by about 2°C In Series Ill, and thus locusts having
the same chronological age (9 days) were physlole>o
glcally older In the present series than In the previous one. The fact that Fig. 3 does not show
Increasing flight performance with Increasing age
in the first tests for the controls (such an increase
Is very clear In Fig. 2 and detectable In Fig. I) also
suggests that the tests of Series Ill were Initiated
wli:h physiologically older locusts.
The Individual variations In flight performance
were very considerable In all experiments, but
always the highest In the PI-coagulated males.
Perhaps this finding Is a result of Imperfect coagulation of the MNSC In some males, who may be
"better flyers" than those In which the coagulation
was complete. Since these brains were dissected
out, fixed and embeded, It Is Intended to scrutinise
stained sections of each In order to determine
the effectiveness of Individual operations and to
compare these observations with Individual performances.

tlons demonstrated, however, that endocrine
effects on male sexual behaviour may be different
In crowded (gregarious) and Isolated (solitary)
locusts of the same species.
Allatectomy leads to a decrease of flight performance In Locusta migrator/a mlgratorloldes males.
Coagulation of the pars lntercerebralis also reduces
flight performance, though the results differ In
certal n details from those obtained after allatectomy.
In this species, therefore, the pars lntercerebralls
seems to affect flight mainly, but not solely, through
the activation of the corpora allata. Data In the
llterature indicate that endocrine effects on flight
activity (like on sexual activity) differ In different
species.
In influencing behaviour hormones may exert
general effects, or may serve as releasers (or
Inhibitors) of preprogrammed behavioural patterns.
These two conceptions are not mutually exclusive,
but neither one seems to be In full accord with
all the experimental results. Involvement of further
endocrine organs In controlling behaviour cannot
be excluded, but this assumption needs experimental proof. The extraord inary flexibility of
hormonal effects on behaviour In different species
may constitute a partial answer as to why and how
Insects adapt themselves through relatively rapid
evolutlonal processes to different or changing
environments.
REFERENCES

HORMONES AND MATING
BEHAVIOUR

DISCUSSION
Endocrine control of male sexual behaviour
In locusts and grasshoppers Is complex and there
are considerable differences between different
species. Allatectomy results In total lack of male
mating behaviour In the desert locust and the red
locust. The same operation leads to an almost-but
not entirely complete absence of sexual behaviour
In male Oedlpoda mlnlata grasshoppers. Allatectomlzed males of the African migratory locust exhibit
distinct but definitely subnormal mating behaviour.
In this Instance, however, the C-neurosecretory
cells (located among the median neurosecretory
cells of the pars lntercerebralls) exert a complete
control over male mating behaviour; the C- cells
also activate the corpora allata. The results were
obtained with crowded animals. Recent lnvestlga-

104

Glrardle, A. (1966). Contr61e de l'ac:tlvltc g~nltale c:hez
Loc:usta mlgrotor/tJ, Mlsa en evidence d'un facteur gonadotrope et d'un facteur allatotrope dans le pal'$ lnterc:erebralls, Bull Soc. Zoo/. Fr. 91,-423-439.
Goldsworthy, G. J., Johnson, R. A. and Mordue, W., (1972).
In vivo studies on the release of hormones from the
corpora cardla.ca of locusts. j. Camp. Physiol., 79. 8~96.
Joly, L. (1960). Fonctlons des corpora allata chez Loc:usta
migrator/a (L)., Th~e Strasbourg.
Mlchol, R. Bernard, A. (1973). Influence de Ia pars Inter·
cerebra/Is liUr l'inductlon au vol soutenu c:he:t le criquet
pelerln Schistocerca gregoria. Acrlda, l, 139-1-49.
Pener, M. P., Girardie, A. and Joly, P. (1972). Neurosecretory
and corpus allatum·controlled effects on mating bcha·
vlour and colour change In adult Locusra migrator/a
migrtJtorioldes males Gen. Comp. Endocr/no/, 19, -494-508.
Wafc, E. and Pener, M. P., (1971). The effect of the corpora
allata on flight activity of the male African migratory
locusc, Locusto migrator/a mlgratorloldes (R. & F.) Gen.
Comp. Endoc:r. 17, 327-333.

13
CHEMISTRY
Ticks

Directors of Research:
Professor M. Barbier (1971)
Professor Jerrold Meinwald (1970)
Professor Koji Nakanishi (1970)

(a) Sex pheromones of the hard tick Rhipicephalus appendiculatus
(Dr W. F. Wood)
{b) Pheromones of the soft tick Ornlthodorus
moubata
(Dr Asafu Maradufu)

SCientists:
Dr. Asafu Maradufu (1974)
Dr. lsao Kubo (1974)
.
Dr. Shozo Takahasi (1973-74)
Dr. W. F. Wood (19'72-74)

Termites
Trail pheromone of Hodotermes mossamblcus
(Dr Shozo Takahashi)

Since this annual report Is Intended to review the
year's research progress on target Insects rather
than the Individual scientist's findings. results
obtained by the Chemistry Unit are included
under the relevant target insect headings outlined
below:

African Armyworm
Sex pheromone of Spodoptera exempta (Dr Shozo
Takahashi in collaboration with Dr T. Yonehara
and Dr Y. Kuwuhara of Kyoto University)

•
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ELECTROPHYSIOLOGY
Directors of Research:

(d) Tineld caterpillar (antenna! rectors: Dr. M.
Kalb)

Professor D. Schneider (1970)
Professor F. Huber (1970)

BEHAVIOUR STUDIES

Scientists:
Dr. M. Kalb (1973)
Dr. G. It Karuhlze (19n)
Dr. Ma Wei-Chun (19n)

INTRODUCTION
The general outline of research problems,
approach and workplan are summarized in the
1973 Annual Report.
Since these reports are intended to review the
year's research progress on target Insects rather
than "the Individual scientist's flndlngs, results
obtained by the ICIPE electrophyslologlsts are
Included under the relevant target Insect headings
as outlined below.

ELECTROPHYSIOLOGICAL STUDIES

(a) Armyworm food plant selection: · (Dr. Ma
Wei-Chun)
(b) Termite trail-following behaviour. This work
(done by Dr. R. Leuthold and Dr. Kalb) Is the
basis for a forthcoming electrophyslologlcal
study of the pheromone receptors on the
termite antenna (Dr. M. Kaib).
(c) Pheromone-and humidity-controlled behaviour of soft ticks (Dr. G. R. Karuhlze).

MORPHOLOGICAL STUDIES
Since any research on sensory receptors needs
detailed knowledge of the distribution and the
structure of sensllla. histological work on the
followIng systems has been started:
(a) Tsetse fly antenna (funiculus):
Scanning electron microscopical survey of the
patterning of sensllla, and transmission
electron microscopical study of the flne
structure of the sensllla of the antenna! pit
organs (Dr. George Karuhlze).
(b) Termite antenna:
Distribution of different types of sensllla
on the antenna! flagellum In different species
and castes (Dr. Manfred Kalb).
(c) Sensilla on the palps In soft ticks (Dr. George
Karuhlle).

Since the end of 1973 three electrophyslologlcal
record ing units have been operational:
(I) Taste cell recordings (Dr. Ma Wel-Chun)
(2) Microrecordlng from single olfactory cells
(Dr. M. Kalb)
(3) Electroantennogram bioassay (n.n.)
Experimental onfmols:
(a) Armyworm larva (food taste cells, see
Armyworm Research Report: Dr. Ma WelChun)
(b) Tsetse fly (antenna! odour receptors: Dr. G.
R. Karuhlze and Dr. M. Kalb)
(c) Termites (antenna! pheromone receptors:
Dr. M. Kalb)
.

Studies on sensory function as outlined above
are undertaken In close collaboration with several
projects, I.e. armyworm, tick and termite research,
as well as the fine structure and chemistry units.
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FINE STRUCTURE UNIT
Directors of Research:
Professor T. R. Odhlambo (1970)
Professor D. S. Smith (1970)

REPRODUCTIVE SYSTEM
Spermathecae (tsetse)
Tissue organisation In spermatheca bulbs and
ducts has already been examined in sections prepared from resin-embedded material prepared for
light mlcro$copy. Electron microscope observations
are expected to be carried out In the next few
months. It Is hoped that this study will elucidate the
phenomena of long-term sperm viability (observed
up to 6 months In tsetse spermathecae) and sperm
migration through the female reproductive tract.
Any observed changes In sperm structure during
this period will also be fully Investigated.

Scientists :
Dr. C. J. Heather (1974)
Mr. J. Owor (1973)
Miss L. Sequeira (1972)

GENERAL OBJECTIVES AND METHODOLOGY
Work completed so far has been mainly concerned with establishing, organising and determining
the terms of reference for the Fine Structure
Research Unit {FSRU); collaborative work together
with the specific proJects of the FSRU staff has now
begun.
The Unit conducts research Into basic Insect
structure and has Its own trained personnel who
offer a range of collaborative services to other
research workers, Including both scanning (SEM)
and transmission (TEM) electron microscope facilities and various aspects of light microscopy (LM)
and photomicrography. In this way It provides an
effective additional Instrumentation to the basic
research programmes of ICIPE.
The technical skills that are made available
are of necessity very specialised and it Is anticipated
that the major part of any work will be carried
out by the trained FSRU staff only.
Once the Unit Is fully operative, these services
will Include:
LM

1. Tis.5ue protasslng to resin embedding
2. Thin settlon cutting
3. Gross proparatlons/metal coating

... Examination and photography

s. Fluorescence microscopy
6. Hist ochemistry
8. Advisory services
9. Occasional tralnlngfcoursos for nonFSR.U staff

TEM

Egg development (tsetse)
Studies on egg development Including vitellogenesis in the adult tsetse as well as a general
survey of gross morphological changes In newly
merged tsetse have commenced. A study of the
structural changes related to ovulation and preg·
nancy will be initiated In the near future.

Accessory glands (male tsetse)
The roles of these glands and the ejaculatory
duct In spermatophore formation will be invest i·
gated.

DIGESTIVE SYSTEM
Salivary glands (tsetse)
The distribution and condition of trypanosomas
carried In the salivary glands of Infected G. morsltons
Is already being studied with the collaboration of
Dr. L. H. Otleno from the ICIPE Salivary Gland
Physiology Programme. These studies are at the
stage of LM observation, following resin embedding.
The relationship between Glossina and the trypanosomes It carries will be Investigated anatomically,
histochemically and If possible, Immunologically.
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Gut anatomy
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A survey of the organisation of the gut Is being
undertaken. Preliminary micrographs of stages
In the secretion of the perltrophlc membrane
have been obtained and this work will be continued
and extended.
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PROPOSED PROGRAMMES
The FSRU will concentrate on various aspects of
3 body systems In the principal Insect under
Investigation, the tsetse fly Glossina mors/tans,
with parallel studies on termites, locusts and ticks.
The systems for speclflc study will be (I) the reproductive system; (2) the digestive system ; and (3) the
central nervous system and endocrine glands.
The techniques will Include those used In basic
anatomical studies, histochemistry, autoradiography, direct (surface) morrhological studies, and
the examination of materia following replication
and surface stripping.

CENTRAL NERVOUS SYSTEM AND
ENDOCRINE GLANDS
These projects are still at a very early stage. TEM
photographs of corpora allata of G. morsltans
have been taken and are being studied In order to
establish an accurate reference collection of
photographs of this tissue.
The proJect emphasis will be on the baste morphology and changes associated with hormone production.
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CURRENT WORK
The electron microscopes have only recently
become functional. Light microscope techniques
have been used to prepare material from G. mors/tans with a view to establishing reference collection of low-and medium-power photographs of
normal tissues. Thin sections have been cut from
resin-embedded gut, spermathecae, ovaries, thoracic muscles, brain and thoracic ganglia, and halteres.
After staining lh toluidine blue In borax, some have
been photographed, and other material Is now
being prepared.
When a reasonable Initial collection has been
made, other staining techniques will be employed
to establish a . variable light microscope staining
schedule for thin sections prepared In this way.

COLLABORATIVE WORK
Discussions have been held with various members
of the ICIPE research staff who have specifically
asked for guidance andfor assistance with various
aspects of their own projects. Several projects
have been suggested.
These Include:
a. TEMJSEM studies on armyworm (Spodoptera
exempta) scent brushes (male), pheromoneproducing glands (female), and flight muscles.
b. LM and possibly TEM/SEM studies on termite
heads and brains.
c. TEM of sensory structures In Spodoptera
buccal cavity.
d. SEM/TEM studies on caterpillar antennae.

seeking, have been conducted by Dr. G. R. Karuhi:ze.

Tsetse uterine gland
Dr. W. C. Ma and Dr. D. L. Denlinger, In colla~
boration with Prof. D. S, Smith and Miss U. Jl!.rlfors
have investigated changes In the uterine ("milk'')
glands throughout the gestatory cycle. These
studies have included a description of the relationship between the secretory eplthellu,m and adjacent
epidermal layer, Including the specialised cuticular
plugs through which secreted material passes from
the extracellular reservoir invaginated from the
apical cell surface of the secretory component
to the uterine cavity. These studies were carried
out join~ly between the ICIPE laboratory and the
University of Mlatnl Laboratory.

Trypanosomes
The fine structure of bloodstream forms of
T. brucei has been studied by Dr. A. Njogu (EATRO),
Prof. D. S, Smith, and Miss U. Jarlfors, In materials
prepared during Dr. Njogu's visit to the University
of Miami. This work has Included preparation of
pure trypanosome fractions, free from blood
cells and plasma, and their examination by scanning
microscopy and transmission electron microscopy
of thin sections and carbon-platinum replicas of
fre~e-fractu red material, Part of this work, primanly concerning the flne structure of the plasma
membrane, and intrasmembrane specialisation associated with flagellar adhesion was reported by
Dr. Njogu at the 1973 Bellaglo Tsetse Conference
and Is currently In press: a further account of the
techniques for preparation of pure Isolates, and
their processing for SEM studies {by centrifugation
onto Thermonox slides and critical-point drying)
and for TEM works Is In preparation.

COMPLE.TED STUDIES

Tsetse antennae
Studies on the occurrence and distribution of
sensory (l olfactory) cells, associated with host-
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