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Abstract

An investigation into physiological parameters potentially involved
in a causal relationship with known changes in responsiveness of

Glossini morsitang across starvation was made. For mature flies,

osmotic pressure of the haemolymph, the degree. of crop stretch

at the last meal, the amount of diuresis and the length of time

feeding did not change with starvation in-the same .way.as, or
manipulation of them had no effect on, spontaneous locomotor activity.
For tenerals, crop stretch with air at emergence raised the

tareshold to locomotor activity. For mature flies, it is proposed

that a common shortage of proline immediately after a meal accounts

for the observed base line level of activity. Subsequent activity levels

reflected the weight of nutrient reserve remaining.

Fly weight was known to correlate with changes in spontaneous
locomotor activity. Wings of flies were not involved in monitoring
weight, but legs were sensitive to different weights and it is concluded

that they are responsible for monitoring weight,

Investigations into behavioural changes with starvation showed that

a wider range of temperatures elicited probing as starvation increased.
Probing responsiveness continued to increase dntil death, Visual
feéponsiveness was greater immediately after a spontaneous activity
burst than mid-way between two such:bursté, and continued to increase

until death.

Observations revealed activity bursts to consist of alternating
bouts of flight and rest interspersed with bouts of clean and walk,
There appeared to be an inverse relationship between the nunber

of activity and cleaning bursts which is examined and discussed

in terms of competition and suitable levels of arousal. An increase
in volume of the apparatus housing the fly resulted in fewer, longer,

bouts per activity burst, whilst cleaning bursts were unchanged.
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CHAFTER 1

1. General TIntroduction

The tsetse fly Glossina morsitans (Westwood) is an obligatory

bloodsucker, inhabiting environments in Africa which are often
arid, It is typically found in woodland savannai, and its »
occupation of ths wooded grasslands of West, Central and Eastera
Africa enable this fly to transmit nagana on a colossél'scale,

whilst it is also the main carrier of Rhodesian sleeping sickness.

Within its habitat, trees and shrubs provide perching places for
recuperative rest, shelte; from adverse climates and predators,
as well as vantage points from which to view a potential host
(Ford, 1970). Many workers have reported seasonable habitat
preferences of G, morsitans, e.g. Pilson and Pilson (1967),

showed that males at least, were especially abundant in

riverine vegetation during the hot dry season, and more
abundant in drier woodland at othef seasons. There is also a
seasonal shift in the breeding grounds chosen by the female

" for the act of larviposition. In the rains larvae would be
deposited under logs, after the rains in scattered thicket
sites and during the hot dry season on the floor of the most

dense parts of the forest islands, (Nash, 1969).

G,morsitans tyoicaily occurs in areas where gams is plentiful
and the human population density is low. The fly takes its
bloodmeals notably from suids and bovids, and especially from
warthog among the suids (Nash, 1969, after Weitz). The flies
form a following swarm which moves after a large slow-moving game
animal, BEarly work had shown the swarm to be composed largely
of males, with small numbers of young flies which feed if the
host stops, and the remainder of old flies which do not feed,
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bub will mate with a female if the opportunity occurs. (Buxton, 1955).
Recent work (Vale, 1972) using vertical electric nets carried some
distance behind a mobile bait gave a higher proportion of females,

so that thers may also be 2 more diffuse swarm of females

assoclated with a host.

Biting in the field occurs in diel patterns of activity (Pilson
and Pilson, 1967), and laboratory studies(Brady (1972a), and
Brady and Crump (1978), have shown this rhythm to be apprézimately
80% endogenous., These workers comment on the adaptive value

of the rhythm rendering the fly active at the same time as

the warthog host, G.morsitans seems to be mainly an -
opportunist feeder, feeding when a suitable host is encountered,
and Bursell,'(l966b) found flies feeding within the range of

10-83% of full nutritional reserve load remaining.

Visual contact has long been considered important in location of
a host suitasle for a bloodmeal. Chapman (1961) showed flies

to be responsive to a 120 em x 90 cm black target moved across
the field of vision at a distance of 50 yards. In a laboratory
study Gatehouse (1972a) found unfed teneral flies to be réSponsiva
to a visual stimulus, and that in the males the response was -
increased in the presence éf calf odour. Fieldwork by Dean

et al. (1969b) suggested that attraction to the host was visual
as few individuals of G.morsitans found oxen concealed by screens,
whereas Vale (1972) found that most flies were caught on the
downwind side of an electric pen enclosing a bait-ox, suggesting
that in this instance windborne odours may have been involved

in host location. Brady (1972b) in a laboratory study, measured
response to a black stripe visual stimulus, and found an

exponential increase in responsiveness across four days of starvation.
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In the field it has been shown that host prefersnce also shifts
with an incresase in starvation. Ford (19469a) showed that flies
which probed man had less fat ressrve than those which probed an
oX. Flies which probed man were also younger than flies prbbing
an ox, and it is advantageous for host prefersnce to be less
strong in unfed teneral flies in view of the need for these
flies %o find the first meal quickly, (Bursell, 1950b).

To quantify further the field observations of fly behaviour,
and to explain the behavioural changes with starvation in
physiological terms, much laboratory research has been
conducted. This work also enabled an assessment to be made

of the impact on behaviour of sterilisation, so that the optimum
dosage feor sterilisation of males for release as a method of
control could be found (Langley et al., 1974). Detailed
laboratory research has also been conducted into many other
aspects of tsetse fly physiology, especially those associated
with feeding requirements for successful in vitro culture.
Table 1.,1. gives a list of’%he principal contribubors to topics
of research other than those-discussed in detail with reference

to feeding behaviour.

The behaviour studies have revealed the following. Spontaneous

locomobor activity of Glossina morsitans was measured in

actographs; and was shown to increase exponentially for five

days after the last meal in mature female and male fliés,

and to increase for four days after emergence in teneral flies.
The changes are affecied by modulation of periods of inactivity,

" whilst the burst length remains the same. (Brady, 1972a). Visual
responsiveness, measured by number of take offs stimulated

by moving objects, was shown to increase exponentially for

four days after emergence in all teneral flies and for five

days after the last meal in all mature flies. The intensity of
orientation to the visual stimulus also increased with starvation,
at least in teneral males. Human odour elicited take-offs in

the absence of visual stimulation, and enhanced the visual responses
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Table 1,1. List of research tovnies and authors
Topic Author

Reviews of studies of
physiology and feeding
reguiremnents of tsetse and
other haematophagus insects

Bursell et al., 1974; Friend & Smith,
1977; Galun, 1975b; Langley, 1977;
Rice, 1972a. :

Requirenments for successful
in vitro culture for mass
rearing.

Langley, 1966b, 1972; Langley &
Maly, 1949; Langley & Pimley, 1973;
Meuws et al., 1976; Mews et al., 1977.

Monitoring of effects of
long~term laboratory
rearing on fecundity and
field performance

Dame et al., 1975; Jordan st al., 1970;
Vale et al., 1976.

Feeding and digestion

Langley, 1966a, 1967a & b, 1970.

Digestive enzymes

Gooding, 1974b & 4, 1975.

Chemical factors affecting
engorgement,

Galun, 1975a; Mitchell, 1976b;
Mitchell & Reinouts van Haga-Kelker,
1976. :

Crop emptying and meal
size regulation

Moloo & Kutuza, 1970; Tobe & Davey,

- 1972a, v

Control mechanism of
diuresis, and factors
affecting it '

Gee, 1975a & b, 1976, 1977; Tobe, 1974.

Metabolism and uses of,
the bloodmeal,

Bursell, 1963, 1966; McCabe, 1973.

Structure, function, and
innervation of the gut.

Langley, 1965; Finlayson & Rice, 19723
Rice, 197a,b,c & d, 19722 & b.

Mouthpart sensillae and
toeir function

Rice gt al., 1973a & b.

Water balance

Bursell, 1957, 1959a, 1957b, 1961.

Change in salivation with
starvation .

- Youdeowei, 1975a &b, . ..

Flight metabolism

Bursell, 1978; Hargrove, 1975a & b,
19760

Sound production

Xolbe, 1974.

Sex recognition pheromone

Langley % Pimley, 1975.

Volume relationships during
pregnancy

Tobe & Davey, 1972a & b.

Nutrient transfer during
pregnancy

¥oloo, 1976a % b, 1977; Tobe et al.,
1973.
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if these were tested within three minutes of the start of odour
stimulation, (Brady, 1972b), The number of matchstick-mounted
flies whica would probs a warmed foam rubber ball was shown to
‘inerease linearly for four days after the last meal in mature
flies, and for three days after emergence in tensrals, The

time taken to respond to the stimulus fell considerably across
starvation (Brady, 1973). The temperature threshold for
skototaxis was shown to decrease with starvation in female flies,
(Huyton and Brady, 1975).

Defascation frsguency, and with the exception of probing, ail
responses described above ars strongly modulated across the
photophase of LD 1R2:12 in the V pattern typical of biting behaviour
in the field. Morning and evening responses were greatest, and
noon least., There is a more subdued modulation of the probing
response. The rhythms of spontaneous locomotor activity and
visual responsiveness persist in constant conditions, indicating
that the underlying rhythm has a largely circadian base.

(Brady, 1975). Brady and Crump (1978), in further activity
studies showed a bimodal response to temperature, and with a
reanalysis of published field data concluded that some 8% of

the V pattern of biting activity in the field is due to an endogenous
circadian rhythm and only 20% to direct control by temperature.

Changes in responsiveness with starvation have also been shown
in the Blowfly Phormia regina, e.g. Dethier and Rhoades (1954)

demonstrated a ten-million-fold change in acceptance threshold

to sucrose with starvation. The amount of a standard sugar

" solubion waich is ingested has been shoun to increase with
deprivation time (Gelperin, 1966a). Barton Browne and Evans
(1940) showed that spontaneous locomotor activity, measured as
passage through a funnel-connected series of four boxes, increased
with starvation. Green (1974a) showed that spontaneous locomotor
activity measured in actographs increased exponentially with

starvation in both tenerals and fed fiies. As in tsetse flies,
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again the change was affected by a modulation of veriods of

inactivity.

Whilst the mechanisms controlling feeding thresholds for the blouwfly
have largely been elucidated (Dethier, 1969; Barton Browns, 1975),
spontaneous locomotor activity and taste threshold do not change

in the same way with starvation, (Barton Browne and Evans, 1960).
Evans and Barton Browne, (1960), considering the possible mechanisms
of control, concluded that blood dilution or the rate of erop emptying
may be the factors involved. Green (1964b) found that activity
level did correlate with the rate of crop emptying, and that

when the immobile member of a parabiotic pair was fed, the

activity of the mobile member was reduced. He suggested that the
corpora cardiaca released a hormone to inhibit aectivity when the
foregut receptors were stimulated by the movement of food pellets.
Barton Browne (1975) in a review of the evidence suggested taat

activity may be related to haemolymph composition.

In Locusta migratoria, if the osmotic pressure of the haemolymph
is experimentally ihcreased 20 minutes before a meal, the volume
of the meal is reduced, (Bernays and Chapman, 1974c). However,
many insects regulate the osmotic pressure of their haemolymph
(Florkin and Jeuniaux, 1964), e.g., by lowering the concentration

of solutes to ecompensate for reduced haemolymph volume during

dehydration, as shoun in Chortoicetes terminifera (Djajakusumah

and Miles, 1966).

Tobs and Davey (19722 and b), had shown that the haemolymph volume
of female G.agsteni remains at 5ml across larviposition, and

was not affected by feedinz. Houwever, no data were available

to show if the osmotic pressure of the haemolymph of G.morsitans
remains constant during starvation, or if it alters in such a way
that a causal relabtionship betueen it and activity level may be
inferred. As a preliminary step to investigate this possibility,
the osmotic pressure of the haemolymph was monitored across

starvation. (Chapter 5).
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Abdominal stretch receptors had been shown by Green (1964b),

to be not involved in control of activity of Phormia. However
Brady (1975), showed that of several plausible parameters which
tsetse flies might be measurinz across starvation to control the
observed changes in behaviour, abdominal weight, or whole fly
weight correlated most strongly with the change in spontaneous
locomotor activity. This correlation was improved by correcting
for weight at emergence, and Brady concluded that the fly's
behavioural thresholds are modulated by information about its
veight or abdominal volume related to a base line set at eclosion.
The weight reflects the fly's nutritional state. That tsetse flies
monitor their weight or volume is further indicated by Tobe and _
Davey (1972a), who found that female G.austeni feed to a constant

weight irrespective of ths weight of the larva.

With such strong evidence of a causal relationship between weight
and behaviour, it was decided to investigate weight sensitivity

of the two most plausible weight receptors, the legs and the

wings (Chapter 4). The weight sensitivity of the legs to small balls
of different weight was monitored across starvation, to see if it
changed in a parallel way to real chahges in weighﬁ, i.e. in parallel
to what the fly‘s legs would 'expect' to hold., The weight
sensitivity of flies with and without feedback from their own

weight was compared to see if such feedback influenced the change
in weight Sensitivity. The effect of a change in the real weight

of the fly on weight sensitivity of the legs was also '
investigated by feeding. Wing weight-sensitivity was investigated
by monitoring the effect of an apparent change in load on the wings
on activity level. From these experiments it was hoped to show if
one of these possible weight receptors is responsible for relaying
information concerning the fly's weight and nutritional state

to the CNS, and ultimately setting the activitj level,
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Brady, (1975) had shown that flies which reach a peak of activity
sooner than their peers also go into decline sooner, and thus the
behaviour is influenced more by the state of the flys' reserves than
by the temporal relation to the last meal. Hudson (1958), in an .
inrvestigation of the mechanism controlling the threshold to glucose
in Phormia regina showed that enforced flight causes a fall in
threshold, whilst in control flies thresholds are not altered during

the same period of time. This indicates that for Phormia also,

the state of the reserves is rore important in setting taresholds
than the efifects of the feeding act and the length of time since
the meal. Barton Broune (1975), concluded from this, and from
the time lag between the act of feeding and the rise to maximum,
threshold (neural effects from the act of feeding would be
expected to take blace straight away), that in Fhormia there are

no long lasting neural effects from the act of feeding.

Whilst this had also been implied for the tsetse (see Brady,
(1975), above), it was decided to obtain a clearer picture of
any central effects of the act of feeding. This was investigated
by separating the sensory input from the sequence of behavioural
events involved in feeding from the sensory input of increase in
nutrient reserves resultant to a meal, by feeding partial

meals. (Chapter 7). Hopkins (1964) had shown that in

Stomoxys calcitrans, partial feeds of half the normal size

had no immediate effect in altering the threshold to two
different vapour sources, although measurements were not made
of the threshold at different times after the partial meal.

Brady (1975) noted that stretch receptors in the crop of tsetse
flies are unlikely to be involved in the change of activity

after. the meal since in G.brevipalpis the crop is completely

empty within twenty minutes of feeding (Mbloovand Kutuza, 1973).
However, the role of crop expansion in tenerals had not been

investigated,
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Cottrel (1962), described the imaginal ecdysis of another dipteran,

Caliphora ervthrocephala. Wing extension and 128% increase in

volume are achieved by passing air into the midgut by action of
the cibarial pump. Langley (1957b) showed that prevention of
crop expansion during ecdysis in G.morsitans by puncturing of theA
ptilinum, prevented the usual post emergence rise in midgut
protease enzymes, as well as preventing expansion and wing extension.
Crop expansion is thus apparently involved in release of midgut
enzymes in tenerals, and is a common stimulus preceding the similar
change in activity of teneral and mature flies shown by Brady
(1972a). It was thus decided to investigate if prevention of

crop expansion by puncturing the ptilinum of newly emerged.

flies would have any effect on subsequent activity levels in
teneral flies (Chapter 6).

It has been shown on many occasions that tsetse flies can be
induced to imbibe diluted blood (Yorke and Blacklock, 1915;

Galun and Margalit, 19459; Langley, 1966a), or non-nutritive
solutions if the response is enhanced by the presence of adenine
nucleotide phagostimulants (Gee, 1976; Galun and Margalit, 1970;
Langley, 1972), but these studies were concerned with the feeding
response itself; or in one case with the effect of the meal
composition on diuresis, and no data were available on the

-effect of imbibition of dilute blood on activity across

starvation. It was decided to investigate this by giving

different flies similar volumes of different dilution. This

would give all flies the same length of time fesding and the same
degree of crop expansion. Those flies fed on more dilute blood wauld
have more extensive diuresis and would have less nutrient remaining
and would gain less weight from the meal. It was hoped that

this experiment would indieate which parameters were most

important in influencing post diluted meal behaviour.(Chapter 6).
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The series of experiments just described was thus designed %o
investigate any role of blood osmotic pressure, the weight of
Tlies, and the various sensory inputé from the act of feeding, in
influencing the level of spontaneous locomotor activity pursuant
to a bloodmeal, Further_to these attempts to elucidate control
mechanisms for observed changes in spontaneous locomotor activitj,
additional investigations were made into the behavioural

changes themselves. Probing responéiveness was monitored

across starvation, and recordings were made of observations of
changes in spontaneous and stimulated locomotor activity, 50

that all activity could be monitored, and not just flight as

recorded by rocking box actographs.

Probing responsiveness has been shown by Dethier (1954) to be
influenced by temperature, and he concluded that the main site

of reception was the antennae. Langley (1972) found that removal
of the antennas of adult females caused a reduction in frequency,
but not a complete abolition of feeding. Reinouts van Haga and
Mitchell (1975) found that removal, or treatment with glacial
acetlic acid, of the prothoracic legs caused a reduction in or

an elimination of the probing response. They concluded that

in the tsetse fly probing response to temperature, a secondary
input from receptors on the tarsi of the prothoracic legs

augments the primary input from the antennae,

Brady (1973), by offering tethered flies a lightueight foam
plastic ball of uninown, but substantially higher than ambient,
temperature to hold at intervals, showed that the responsiveness
of mature and teneral male flies increased linearly across
starvation., The increase continued until days 4 and 3
respectively. In addition to an increase in the numbers of flies
probing with starvation, there was a progressive reduction in

the time taken to probe which can be interpreted as an increase

in responsiveness of each fly as its starvation increased.
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Work on blouflies, (Dethier and Chadwick, 1948), had shoun
that the chemosensory stimulation needed to elicit proboscis

extension decreased with deprivation time.

The present study was undertaken to find which of a range of
known temperatures offered was most suitable for probing response
in tsetse flies, and to investigate if the response to this"
temperature, and to tempsratures above and below it alters

in the same way across starvation,

Consideration of the following resulted in recordings of
observations of behaviour being made. It was known that in
mature male tsetse flies, spontaneous locomotor activity (Brady,
1972a, 1975), visual responsiveness (Brady 1972b), and probing
responsiveness (Brady, 1973), increased with starvation, 3Brady
(1975b) suggested that it would be economical if the central
processes which controlled thé circadian modulation of behaviour
also controlled the changes with starvation. Whilst actograph
results (Brady, 1972a) had shown that spontaneous flight was
performed in bursts of ca. 1 minute in duration whose length
did not change with starvation, nothing was known about other
behaviours performed spontaneously, e.g., walking and cleaning.
It was decided to measure the changes in all behaviours to yield
records of the change in performance of each different act across

starvation.

Change in motivational variables alters the order of prépotency

in activities (Hinde, 1970), and Fentress (1968a and b), from a
study of two vole species, presented evidence that there was a
specific level of arousal which was optimum for grooming. Ollason
and Slater (1973), found that in male zebra finches, locomotion and
behaviours associated with it were commonest in the morning and
declined during the day, whilst behaviours not associated with

it showed opposite trends. They suggested that the changes in
bahaviour could be accommodated in a simple model involving a

single (arousal-like) variable showing a 24-hour cycle. It was
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hoped that for the tsetse, analysis of the occurrence of all
behaviours across starvation in an actograph would reveal any
shift in the balance between the behaviours, which might reflect

the increased 'hunger!.

Identical observations wers algo made of.all behaviours
spontaneously performed in a large arena, the presumption being
that any difference between behaviour in the arena and that in
the :ctograph should give an indication of any influence of
peripheral factors, such as space, on the performance of a

spontaneous burst of activity.

In addition, recordings were made of the respongse to a moving
black stripe immediately after a spontaneous burst of activity,
and in the middle of a gap, i.e. period of no activity, betueen
two bursts. From these observations, it was hoped to snow
whether the response to visual input showed the same changes
across a gap between bursts, as does the tendency to perform the
next new spontaneous burst. It was hoped that examination of
changes across starvation would show whether visual
responsiveness aﬁd the tendency to perform spontaneous
locomotor activity change in close parallel in individual flies

across starvation, or in some different manner.



=20~

CGHAPTER 2
2, GENERAL MSTHODS
2.1. Standardisation of flies

Whenever possible flies used for experiments were standardised

for emerzence weights and nutritional background.

Teneral flies were used only if their emergence weights fell

close to the msan of the observed distribution of emergence weights.

Mature flies were used only when their emergence weights, the
welght of blood imbibed at all three meals per mg fly emergence
weight, and the weight of blood imbibed at the third meal only
per mg fly emergence weight, were close to the means of the

observed ranges of these three measurements.

Details of emergence weights and nutritional history are given

in Appendix I.

2.2, Fly Maintenance -

Pupae of Glossina morsitans morsitansg (Westwood) were received
by post from the Tsetse Research Laboratory at Bristol each

- week. The pupae were collected on a single day. Upon receipt,
the pupas were transferred to a cage in a C.T. room maintalned
at 25 + 1°C and 65 + 5% R.H. and with a 12 hour light:12 hour

dark cycle.

Flies were collected within 12 hours of emergence, and were weighed
on a 50 mg torsion balance whilst under light (no longer than

1 minutes' exposure) carbon dioxide anaesthesia. Flies were then
transferred to a 38 mm x 64 mm plastic tubes, with nylon netting at
one end. Flies were kept in these tubes at all times unless

othervise stated,
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Flies were fed on the ears of lop-ecared rabbits by securing the tube,

natting end down, on to the rabbits! ear until imbibition had ceased.

Unless otherwise stated, the feeding schadule was as follows. Flies
were fed in the morning, the first meal being given once one clear
day had passed since emergence. Two further meals were given, each
when three clear days had lapsed since the last blood meal., Flies
wer2 weighed in their tubes immediately before and after each
engorgement, so that the weight of blood taksn at each meal could

ba calculated and used to standardise flies for use in experiments.

Flies which had received three blood meals as described and were

10 days old are referred to as 'mature! flies throughout, Bursell

and Kuwenga (1972) showed that in laboratory fliss, thoracic muscle
development is completed in 8-10 déys and after 4 blood meals,

Flies which had received no meals and had retained the immature,

partly developed cuticle (Hargrove, 1975), and which had only partly
developed flight muscles and a characteristic soft feel (Bursell, 1961b)
are described as 'tensral' throughout. Unless otherwise stated,

all flies uéed were males.

2.3.' ' Recording of day number

With the exceptioh of the experiments into the probing response,
the followlng procedure for numbering the days of an experimsnt was

always followad,

For teneral flies, the day of emergence was called day O, the
following days day 1, day 2, etc.

For mature flies, the day of the last feed was called day O, the
following days day 1, day 2, etc.
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2edie Extraction of data from Edzecuabe Peebles traces

Brady (1970) made a study of spontaneous activity performed by

Glossina morsitans in actographs. From the pen markings on the

output from an Edgecumbe Peebles recorder, he showed bursts of
intense flight activity to occur, each burst being of ca. 1 minute

in duration,

Because of the high variability in numbers of flight bursts per

day shown by individual flies (Brady, 1972a), comparative analysis
could most easily be made by converting the raw results %o
percantages. In some cases, activity by each fly across starvation
was summad, and then each days activily expressed as a percentage

of the total. In other cases, each days activity was expressed as

a percentage of the activity on day 1 for each fly. The percentages

from all flies were then used to calculate mean activity per day.
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CHAPTER

3. MSASUREMENT OF SPONTANEOUS LOCOMDTOR ACTIVITY

3.1, Materialg

3.1.1. Actographs

Rocking box actographs wers made from 2 mm. square balsa wood strips

and nylon netting., Six actographs in each of two different sizes

wers made. For fully active flies the size was 18 em, x 5 cme X 3;2,cm.,
giving a volume of 288 ml. For flies incapable of flight the size

was 9 em, X 4 em. x 2,5 cm. with a volume of 90 ml, |

The boxes were balanced from pivoﬁ pins attached just above the

centre of gravity half way along the side of the box., Two 5 cm.
countersunk screws were fastened by nuts through holes drilled in a
clear perspex base, so that the screws stood each side of an actograph.
A groove draun across the flat top of each screw acted as a mount

for the pivot. This arrangement ensured that the weight of any fly
resting away from the centre would tip the actograph.

From one corner at the front of each actograph projected a 1.3 cm.
length of entomological pin bearing a 1 mm, x 2 mm. x 0,5 mm. balsa

wood flag, Flies could be posted into tha boxes through overlapping
netting flaps in the top, and the flaps fastened with cotton thread.

During experiments the actographs were enclosed in a 26 cm, x 12.1 cm,
x 10,2 cm. box with gides made of 1.3 cm..chipboard, painﬁed white.
The base was of 3 ply wood and painted black, In the front left

hand corner of the box a 20 mm. x 9 mm. x 15 mm. block of black
perspex was fixed, The psrspex had a groove of 4 mm., width milled

in the upper 2/3, leaving 1 mm. of perspex width on one side into
which was embedded a light emitting diode, and leaving 4 mm, width
perspex wall the other side into which was embedded a light activated
switch. The actographs were arranged inside the chipboard box so
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that whan the actograph rocked, the balsa wood flag would pass
between the light emitting diode and the light activated switeh.
An actograph is illustrated in Fig. 3.1.

'The 1id of each box was of 5 mn. opal perspex which had 4 holes
drilled to accommodate screws embedded in the wall of the box.
The 1id was fastened down by wing clips.

The rear end of each box had a circular pattern of small holes

drilled through. These holes were surrounded by a 6 cm. diameter white
plastie filter funnel glued broad end to the box outside, Odour

free air was supplied through the filter funnel as follows. A 7.5 cm.
squirrel cage fan onto which had been attached an 8 cm. x 14,3 cme x
8.8 em. plywood air pressure chamber passed air into a 2 cm. diamster
rubber tube, and then into a sealed 23 cm. x 11.5 cm. x 8.2 cm.

chamber of activated charcoal. From this chamber 1.3 cm. tubes
carried the odour-free alr into the tube end of each filter funnel,

The actographs were illuminated by 2 40 watt Atlas daylight

- fluorescent lights operated by a time clock, These were suspended
at a height above the boxes which gave a 1200 lux reading inside
the chipboard box, '

3.1.2. Recording system,

Fig.3.2. shous the circuit taking information from the light
activated switches to the recording machine, A 5 volt poﬁer supply
and 6 cireuits were built, The path of each circult can be traced
from Fig.1l. The small voltage changes from the light activated
switches were converted by ths reed relays into the on/off impulses
needed to stimulate an Edgecumbe Peebles 6 channel pen event recorder.

3.2, Method

Mature flies were posted singly into the actographs the evening after
the third bloodmeal, and the pen recorder switchsd on, so that records
were available from lights on the first day after the third feed,
hereafter called day 1, uatil recording was terminated.
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Teneral flies were pooted singly into the actographs the evening
of the day of their emerzence, and recording begun, so that records
were avallable from lights-on the following day, called day 1
hereafter.

Actographs had previously been used successfully to measure
spontaneous locomotor activity of blowflies (Green, 1964,4d ) and

of tsetse flies (Brady, 1970). Brady (1970, 1972a, 1975) had

shown that the mean duration of flight bursts did not change
significantly across starvation, and that the number of flight

bursts per day is directly proportional to the amount of time spent

in flight per day. This was confirmed for 15 mature flies with
recordings made across starvation with paper from the Edgecumbe Peebles
recorder emerging at 152 mm./hour. For these flies, the mean length
of flight burst across starvation was calculated, and data are

given in table 3.1.

Table 3.1, Mean lenzth of £lizht burst in seconds. + S.E.

DAYS SINCE LAST FED
1 2 3 4 5

by e & 45,02 43.66 41.93  46.23
+2,35 42,48 42,71 12,59 2.4

These lengths were calculated from fine measurements of the width

of pen markings from each of which was subtracted & pen width %o

allow for ink spread, and with any gap longer than 30 seconds taken

to indicate that the ongoing burst had ended. Since the flight
lengths do not change across starvation, any data extracted from such
actograph pen recordings are given as flight bursts per day throughout,
(In Ghapter 9 only, where observation allowed recording of other
behaviours in addition to flight, the term ‘activity burst' is used).

Six teneral flies were also measured for spontaneous locomotor
activity across starvation, with the papef from the Edgecumbe Peebles
emerging at 152 mm./hour., Both these, and the mature flies provided
control measurements of change in spontaneous locomotor activity

across starvation in untreated flies. All other recordings were
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made with the paper emerging at 2.53 cm./hour.

Unless stated otherwise, only the nunmber of fiight bursts during
lights-on were extracted from the Edgecumbe Peebles output,

Brady (1972 a) had found that mature flies in a 12:12 hour light/dark
regime exhibited only 0,012% per hour of the total daily activity
during lights out over the first four days of starvation. The lightas-
out artifact, a burst of activity following the sudden onset of
darkness was also aluays excluded.

3030 Results

The results from the 15 mature, and 6 teneral flies measured for
change in spontaneous locomotor activity across starvation were

broken down into activity per hour during the 12 hours of the
photophase. The percentage of the total activity over all 5 days
which sccﬁrredAin each hour was calculated for each group. The resdlts
are given in Table 3,2, These results are given graphically in Figs.
3.3. and 3.4. from vhich it can be seen that for mature males there

Table 3.2. Moan percentages of total activity for all davas to .
occur in each hour.

Hours since lights on

w

Flies |[Day| 1 [ 2 | 4 |5 6] 7. | 8|9 1w0]1n] 12
1 4.8 3.3 i 108 007 0.4 - - Oo2 003 00'7 005 Oo5
2 5-7 3.2 { 2.2 003 0-3 002 - - O.l 003 004- 103
Mature{l 3| 9.5 | 4.5 (2.2 [0.4 |02 D7) - | 0.1[0.3| 0.4[0.6| 1.3
N=15 l} 9.8 5031-9 006 003 302 - 0-3 003 0-8 007 3.0
5412,3 | 6,5 1 2,9 {1.3 [0.9 D.310.2 | 0.4[0.5| 0.9(0.9{ 2.3
1{8.8(3.4{1.703 ) =| =] =|03| =|0.1/0.3]0.6
2 14.2 16.8 [ 4.0 {0.3 (0.6 | =|1e2 | 1.410.6]| 122,01 2.3
Teneral 3 15.3 6.3 3.0 103 1.2 bd - 102 hend 0-6 0.8 0.8
1:=6. 4 7.1 3-7 008 0.1 0.6 - — - - “008 300
511.4 0.6 {0.3 (0.6 10,1 p.é - - - - =]0.6

is a linear increase in activity up to day 5. For teneral males,
the activity increases up to day 3, and is then followed by a '
pre~death decline,
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FIG.3.3. CHANGE IN SPONTANEOUS LOCOMOTOR ACTIVITY WITH STARVATION OF MATURE MALES N:15

Curves smoothed by three point sliding means, Data from periods of lights-on only,

Left hand ordinate: hourly activity as percentage of total all days'(¢), Right hand ordinate: daily actjvity as percentage

of total all days (a),

10%

%

A
130

20

10



16

12

-30 -

F1G.3.4. CHANGE IN SPONTANEOUS LOCOMOTOR ACTIVITY ACROSS STARVATION IN TENERAL FLIES,
Ordinate: hourly activity each day as percentage of total activity ~ data from periods of lights-op only

Curves smoothed with three point sliding means

days
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3ele Discussion
These results show that in the actographs under discussion, both’

mature and teneral flies show similar circadian rhythmn and similar

increase in activity with starvation as wes reported by Brady (1972 a).
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CHAPTER 4

4e  INVESTIGATION OF THE ROLE OF WEIGHT IN THE CONTROL OF
SPONTANEQUS_LOCOMITOR AGTIVITY

bele Wing c¢lipping

4els1ls Method

Wing clipping was performed at two different times on day 3, neither
time being completely saﬁisfactory. Wing clipping immediately after
lights-out on day 3 had the advantage of not interfering with the
activity record for day 3, but had the disadvantage of adding
approximately 40 minutes to the light regime for that day., Wing
clipping during the period of the day with the lowest level of activity,
i.e. some 7 hours after lights-on, had the &dvantage of not adding to
the days' length, bub meant that 40 minutes of recording time were
lost, and also, that the afternoon's record of activity, strictly
post treatment, was added to the pre—tréatment record for the morning
to give the reading for day 3. However, since the evening peak of
activity was found to be only 22% of the days' total, the addition
of any change in this to the more substantial reading of the morning's
~ activity for day 3 was not felt to be prohibitive.

Two different ways of anaesthetising the flies were tried. ‘Firstly
flies were transferred from the actographs to the usual storage tubes.
The tubes were placed, plastic lid end dowr, onto a bed of chip ice.
It was found that two minutes was long enough to anaesthetise the
flies and to enable clipping of the wings in an exact position. In

a second method, in an attempt to reduce the effect of the cold in
depressing subsequent activity, carbon dioxide anaesthetic was used,
using only just enough gas to immobilise the flies. Moloo and _
Kubuza (1975) found that toxicity and bloating of the abdomen increased
with increased exposure, but were low at 10 minute exposures, so that
the 1 minute used here should have had negligible effects. It

remains, however, a factor whose effects are unknown.
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After treatment with anaesthetic, flies' wings were clippéd by
cutting in a plane parallel to the longitudinal axis of the body,
with the wing extended, the cut passing through the junction between
vein iv and the posterior cross vein at e, This removed ca. 33%

of the leading edge of the wing, and ca. 27.5% of the total area

of the wing. - Cutting in this position would not have removed,

but may have increased the load on, sensory cells in the remigial cell
of the wing. Newstead, Evans and Potts (1924) considered that

these cells may be mechanoreceptors. Control flies were

anaesthetised only and handled, but were not wing clipped,

After treatment, flies were returned to the actégraphs, and

apontaneous locomotor activity monitored to day-7 or 8,
4.1.2. Results

The results are given as flight bursts per day,'and then each day's
activity is expressed as a percentage of the activity on day 1,
referred to hereafter as percentage activity, The results for

mature males and mature females are treated separately since the female
 must have a more complex weight measurement mechanism than the males

due to her viviparity,

Flies anaesthetised by freszing, and wing clipped after lights out are
placed in category a; flies anaesthetised by freezing and wing
clipped at time of lowest activity duriné the day are placed in
category b; and flies anesthetised by 002 during time of lowest
activity in ¢. For the analysis, amalgamation of all data for

mature males is labelled d.

For each category of mature males, and for the mature females, the
mean daily percentage activity + S.E. is shown in Tables 4.1l. and
Le2. respectively, and Figs 4.1. and 4.2,



Mean percentage activity per day mature males + S.FE,

Table Lol.
Category and Treatment
b d
DAY Clip Gontrol Clip Control Clip Gontrol Clip Control
2 162.2+24.1 | 175.6424.8 | 148.6+13.2 | 115.4+ 8.8 || 124.1412,8 | 105.4%14.6 || 147.38411.9 139.7+13.3
3 181,1+18,0 185.5125.9' 165.6113.8 128,0421,4 || 164.4+18,6 | 159,8+23,3 | 172.1 +10,1 | 163,8+14.9
A 160./4316,5 | 172,8+24.6 || 119.8+18,2 96,1 9.4 146.2125.9 113.6+22.4 || 145.5 11,6 | 136.3+14.3
5 161,541745 | 2454745048 | ‘145424345 The9223.1 || 202:3+4445 | 177.842445 169.2 £17.5 | 183.7+27.1
6 145094175 | 247424607 || 127.3432,6 | 114.0+24.7 || 173.2+48.7 | 148,2+39,1 || 14€.8 20,0 | 193,7129,2

_Vg—
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FIG.4.1. THE EFFECT OF WING CLIPPING ON ACTIVITY OF MATURE MALES

Ordinate: Flight bursts per day as a percentage of the bursts on day 1,

o,control flies @,wing clipped flies | time of treatment.See text for a,b,c,d.
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Table 4}2. Mean percentage activity per day mature females + S.E,

Category and Treatment

G
DAY | GClip Control

131.4+ 25.9 109.0+ 12.6
141.0+ 17.9 115.2+ 12,1
1747+ 53,9 71.0+ 13.13
293,4+100,0 174,04 50.1

e R VPR

..9 £_.
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FiG.4.2, EFFECT OF WING CLIPPING ON THE NUMBER OF FLIGHT
BURSTS PER DAY. MATURE FEMALES

Ordinate: flight bursts per day as percentage of bursts on day 1.

o, control flies ©D,wing clipped flies a[/,treatment time, type c. N=9

310 |
270 }
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These results were tested with 'Student's' t for any difference
betwsen the two means of percentage activity of treated and control
groups, Day 3 before treatment was tested to establish that there
wag no difference bstween conitrol and treated groups before treastment,
and day 4 was tested for difference after treatment. For the
mature males, group a day 5 viewed from Fig.4.l. showed a large- _
difference batween control and treated flies, and so this was also
tested. However, in this case, as also in the mature females on
day 4, there was a significant difference between the variances

of the two groups (F = 8.43, 14 x 14 df; F =16.85, 8 x 8 df,
respectively) and so the t test for these two pairs was performed

as described by Bailey (1959) for such a set of values.
The results of the t tests are given in Table A4,3., from which it

Table 4.3. Results of t tests for difference between méan
percentage actbivity treated and control flies

Group and category

Mature males Mature females
DAY a b c d c

3 af 28 15 18 65 16

] 0,14 =1.,51 0,15 -0.,46 1.19

p >0.,1 >0,1 >0.1 =>0.1 > 0.1
4L | a8 28 15 18 65 9

t -0.42 -1 0.95 -0.50 -~ 0,03

p >0, =01 >0.1 >0.1 >0.1
5 ar 17

% 1.57

p >0.1

can be sgeen that there is no significant difference between

control and treated flies on any day.
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4e1.3. Discussion

" The results show that the high correlation found by Brady (1975)
between activity level and weight does not depend upon measurement
of weight by the wings, and that the remigial pores on the remigiuim.
of the wing, thought by Newstead, Evans and Potts (1924) to be
mechanoreceptors, are probably not involved in weight measurement.

That weight is not monitored by the wings is perhaps to be expected

for three reasons. Firstly, if weight was measured by the wings, the
weight-associated change in threshold for spontaneous locomotor activity
would depend upon inputs available for less than 1% of the time,

since the mean daily time spent in activity in actographs_ is only

12,5 minutes (Brady, 1972a). Short of some form of memory system
operating of weight at last flight, it is easier to envisage threshold
being set by some continucusly monitored wvariable such as weight

on legs.,

Secondly, when examining why flight occurred, if the caugal factor
for the drop in threshold to allow initial take-off were due to loss
in weight measured by the wings, then that input would not be
available until after take-off, |

Thirdly, conagiderable fraying of wings occurs in the wild. Whilst
wing mutilation cauges an increase in wing beat frequency (Hargrove,
1975a:), and the apparent increased load resulting from a reduced
wing span ig responded to in this way, it would not be advantageous
to flies to perform fewer flight bursts due to an apparent increase
of weight caused by natural fraying of the wings. '

b2, Leg Loading
4.2.10 I’Iaterials

A series of polystyrene balls (diameter of 12.5mm) was made.
Different weights were achieved by inserting varying amounts of
lead shot into each ball. For heavier weights the ball was halved,

the core removed to allow space for the volume of lead, and the
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two halves glued back together with Durofix. Ten balls were made
to each of the following weights: 100, 150, 200, 255, 330, 350,
450, 559mg. Three further balls of 652, 750 and 850mg were made

to test mature females.

4e2.2, Metnod

Flies being tested were suspended by matchsticks or by string
mounts from a strip of wood held by 2 clamps horizontally

above the beach at a height of 23cm, The flies were protected
from any visual stimulus change by cardboard partitions attached
to a 30cem high cardboard rear wall and were mounted 'eyes away!'
irom the obgerver. The ball being tested was offered to the
suspended fly from the observer's hand, and thus no control

of olfactory input was made, but this input should have been
similar on each day. Just after 'accepting' a ball flies often
began to walk, which sometimes resulted in a drop due to 'missed
footing'. Therefore, if a fly dropped a ball witain 30 seconds
of being offered it, the ball was re-offered. A second drop, or
a first drop occurring after 30 seconds, but before 3 minutes had
passed since holding began, was viewed as a positive rejection,
and scored as a drop. Sometimes when very hungry flies were
offered heavy balls, the weight would stretch the legs downwards,
resulting in the ball being only incidentally suspended from the
tarsal claws. This was also scoréd as a drop, since adequate

muscular effort was hot being made to hold the ball up.

Preliminary tests had shown that for mature males and both

sexes of tenerals, a range of ball weights from 100-550mg allowed

newly fed or emergzed flies to hold nearly all balls, whilst very

hungry flies would drop all but the lightest balls. For mature females,
it was necessary to use an extended range of 100-850mg to attempt

to achieve a similar gradation of drops.
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Unless stated otherwise, three readings a day were taken, one each
during the morning and evening peaks of locomotor activity, and
one during the midday trough. Immediately before each reading,
flies wers offersd a 100mg ball to hold onto for one minute. |
Tais was an important preliminary step to testing, since flies
permanently mounted on matchsticks, or flies mounted just prior %o
testing held their legs in an unnatural 'curled-under! position.
After this, a minute was allowed to elapse before testing began.
Flies were offered balls in ascending order of weight, When the
order was reversed for some trials, there was no difference in

the number of drops recorded at each weight. When one weight had
been tested, a minute was allowed %o elapsse before flies were
offered another ball. (For flies which had dropped their balls early
in the test period, some few minutes may have elapsed before they
were oiffered another ball, but short of testing each fly

individually, this could not be avoided).

Flies which were mounted permanently had a matechstick attached
o their dorsal thorax by beeswax, just after the third meal.
This mouhﬂing medium was used to avoid toxdcity from.synthetid
products and because its low melting point enabled it to be used
without causing thermal damage to the fly. The matchsticks were
suspendsd from plasticene anchorage poiﬁts on the horizontal

wooden strip.

Flies which were mounted for the duration of each test only were
treated as follows. Just prior to the third meal, flies were
held gently in the author's hand so that the dorsal thorax

just made contact with a small amount of beeswax on the end of

a2 9mm piece of string suspended from a clip., Application pf a
hot pin to the wax caused it to melt, and a small volumes %o

flow over the dorsal thorax. The fly was then returned free to
the normal storage tube, and fed as usuzl. In this way, the
weight of blood imbibsd at that third meal, and the subsequent
weight loss would have been recorded by any monitoring system as
change in fly weight inclusive of the weight of the string and the wax.
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Thus, with the exception of the duration of testing, string-mounted
flies always had access to information about their own weight.
Immediately prior to testing, flies were removed from the storage
tubss, and the free end of each string was gripped by one of

a series of small bulldog clips which had been nailed to the
horizontal wooden strip. Flies were left suspended during one
testing period, and then were returned to the storage tubes

until the next period.

Preliminary tests were made on both sexes of permanently mounted
teneral and mature flies, To investigate more fully the chanze
in weight sensitivity of the legs with starvation, and in an
effort to investigate the impact of permanent mounting and
feedback from a fly's own weight on weight-sensitivity of the
legs, the following was tried. 29 mature males mounted
permanently, and 20 which were string-mounted were tested for

- change in weight sensitivity of the legs across starvationa.

To investigate if the observed changes were reversible by food
intake, permanently-mounted teneral males and females, and
mature males were each fed early in the morning, of the first
day of post-feed testing, by the observer holding the matchstick
at an appropriate position over the ear of a lop-eared rabbit.
Flies fed this way did feed willingly, but meal sizes were
observed to be much smaller than under normal circumstances.

One bateh of string-mounted flies was tested across starvation,
and then fed in the norml way in the storége tubes, and then
tested azain. This group of flies was fed varylng weights of
bloodmeal, and the weights noted so that a range suitable for
testing for any correlation of bloodmeal size to degree of change

in the tendency to drop balls was available.
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FIG.4.3, PERCENTAGE OF STRING-MOUNTED MATURE MALE FLIES
DROPPING BALLS OF DIFFERENT WEIGHT, N:=20

Days since fed: o-5
o-4
A-3
*-2
A-1

90

70

50 ¢

30

1 ' |3 3

100 200 300 400 500 550
weight of ball mg
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Le2.3. Analysis of Resulis
Fig.4.3. shous the form of the change in the percentage of
flies dropping balls of different weights, This is a quantal,

all or none, response, and thers was an increase in the number of
drops with an increase in the weight of the ball., The curves are
sigmoid because they are cumulative, since when small weights
were dropped, large weights generally were also. The slope of
most of the curves is steepest around the 50% response level,

and this level thus gives the most accurate way of measuring any

change in response of different groups of flies across starvation,

The data for five days of starvation from preliminary batches of
flies, and from 29 permanently mounted and 20 string mounted
mature male flies wsre converted to 50% drop estimates for each day
by probit plane analysis (Finney, 1971), using the S102 progranm
stored on the University of London's CDC 600 computer. This
analysis reduces the asymmetry of the curves by transforming

the weight logarithmically, and then transforms the sigmoid

curve to a straight probit line, from wnich the 50% response is

derived.

4e2.4s  Besults

 The weights at which 50% of flies dropped balls on different
days in the preliminary investigation are given in Table 4.4.
and Fig.h.h., and in all groups there was a decline in the
weight of 50% drop across.starvation, from similar drops on
.day 1 for all groups. A batch of mature virgin females tested
with weights 100-850mg did not show a progressive change in
50% drop across starvation, and held weights 2-3 times heavier
than the othsr groups with 50% drop on day 3 being at the
greatest weight of 1333mg predicted from the analysis.
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FIG,4,4 WEIGHT AT WHICH 509% OF FLIES DROPPED BALLS
ACROSS STARVATION

o ,teneral 3 .4 teneral &« matured.

Bars= 95% confidence limits

450r

350

mg

250t




Table 4.4.

46

Heicht in mg at which 509 of flies dropped balls

+ S.E.
Day: since fed (mature), Teneral ¢ Teneral ¢ | Mature o
or emergance (teneral) =7 N=6 N =10
1 401 + 28 403 £ 29 | 425+ 27
2 343 x 24 372.% 28 392 + 24
3 284 + 20 341 * 27 359 % 21
4 225 + 15 310 + 26 326 + 17
5 166 + 11 293 + 14

The results of the permanently- and string- mounted mature males
are given in Table 4.5. and Fig.4.5. For both of these larger
groups of flies, the probit plane snalysis indicated that there
was a significant interaction, i.e. a syhergistic effect, betueen
increased time since the last meal and increased weight of the
ball,

data by a flat plane, and by fitting equations taking account of .

The analysis gave 50% estimates both from describing the

the interaction to give a better fit to the data. Both estimates

are gilven,

Table 4.5, Weights in mg at which 50% of flies dropped ballg * S.E.

Day | Permanently-mounted flies N=29 | String-mounted flies N=20
Without With Without With
interaction | interaction intergetion | interaction

1 472 %+ 27 443 434 2 23 - AR2L

2 419 + 26 407 417 £ 23 388

3 427 £ 25 375 D0 + 22 358

L 404, + 24 344 383 + 22 331

5 381 + 22 312 366 £ 21 307
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FI1G.4.5. WEIGHTS AT WHICH 50% OF FLIES MOUNTED BY TWO

DIFFERENT MECHANISMS DROPPED BALLS ACROSS
STARVATION

Permanently-mounted flies: A ,without and A,with interaction

String-mounted flies: o,without and ,with interaction

Bars= 95% confidence limits
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As in the preliminary investigation, flies reached 50% drop atb
progressively lighter weights as starvation increased. Permanently-
mounted flies seemed to hold heavier weichts than string—mounted
flies, but the difference was not significant. (When the means of
numbers of drops as 2 percentage of the possible number of drops

at each weight each day for the two groups were tested they

gave £ = 0.11, at 78df with p > 0.9). The rate of change

across starvation was closely similar for thevtwo groups, and thus
the trend in permanently-mounted flies was not due merely to

effects of being mounted, nor is it affected by lack of feedback

via the legs as to the flies own weight,

The results of the accumulated 25 days of recordings from nine
permanently mounted mature males, each tested across a number of
days were analysed for any evidence of circadian rhythmicity of the
tendency to drop balls., The mean numbers of drops observed at each
reading per day were 29.7,‘30.6, and 29.6 drops at the morning, noon
and evening readings respectively. (%t tests showed no significant
differences). Thus the dropping response is not modulated by a

circadian rhythm,

The results of the effect of feeding on the dropping response are

shown in Table 4.6, and Fig.4.6. The probit plans analysis could

Table 4.6. Drops per dav'as percentage of total‘possible drops.
Jindicates time of meal :

Type and Days
Number of flies 1 2 3 A 51 6 71 8 9

Teneral Q N=7 29 | 30 | 55 | 65 | 75l|64 | 64
Teneral d N6 22 | 29 42 524| 46 |52
Mature & N=10 | 28 |29 | 32 | 43 | 48438 | 51| 52|69
Mature & N=6 | 16 |22 | 19 | 20 | 31 [44b| 28| 30| 44

not be used across the change in circumstance as a result of the
feed, and so the data are given as drops per day as a percentage
of the total possible number of drops that day. All types of

fly tested showsd a reduction 1n the percentage number of drops

for two days after a meal, before the number of drops lncreases
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again with renewed starvation. A % test between.the number of drops
as a percentage of the fotal number of possible drops on the day
baefore the meal and the déy after for each of the 29 fed flies showed
a significant decrease in the tendency to drop balls (it = 2.88,

at 56 df with p < 0.01). Thaus the tendency to drop balls is
reversible by feeding. The level of drops does not revert to that

on day 1 because tne meals taken by mounted flies were small., In

the case of the permaaently mounted flies, these results from
feeding show again that the change in the téndency to drop balls
with starvation is a reflection of some aspsct of nutritional

state, and is not merely caused by duration of mounting.

The bloodmeal intake at the fourth meal of string-mounted

flies was corrected for mg/mg emergence weight, and tnen a regression
analysis was performed bstwsen the intake and the resultant percentage
change in number of drops for each fly. For the first and second
days after the meal, the results were not significant, with p> 0.1
for both days. .However, if the number of drops on the first and
second days are averaged for each fly, and then expressed as
percentage change, the correlation with blood intake is

significant, (v = 0.55, t = 2,46 at 15 df and p < 0.05). The
regression is shown in Fig.4.7. Evidently, there therefore.is a

weak positive association betweea reduction in number of drops and
the amount of blood imbibed.

4.2.5. Discussion

This response is a 'noisy' one, with drops being caused not only
by positive rejections, but also presumably by missed footing dus
to fast walking, and, for lighter weights, possibly also attempts
to flex the legs to bring the ball into a suitable position for
orobing. Névertheless, the results do show that tsetse flies

are sensitive to the weight supported by their legs. The

vweight at which 50% of flies drop balls declines linearly with

starvation in all types of fly tested except mature virgin females.
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FIG.4.6. THE EFFECT OF A MEAL ON THE DROPS PER DAY AS A

PERCENTAGE OF THE TOTAL POSSIBLE DROPS

~

1, time ot meal, o ,teneralr, A teneral S e ,and A, mature d

80r
60}
%
a0}
20}
T 2 3 4 5 7 8 9
days

FIG.4.7 THE RELATIONSHIP BETWEEN BLOODMEAL SIZE (mg/mg
EMERGENCE WEIGHT) AND MEAN PERCENTAGE CHANGE IN THE
NUMBER OF DROPS ON DAYS 1 AND 2 AFTER FEEDING

25, °
~regression line r:=0.,55

. \0 o : i 2’omeal size
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The large estimated weights of 507 drop for these females may
reflect the weight a pregnant female would 'expect' to carry,
although these females had not been mated, and teneral females

showed the same changes as both groups of males.

The increase in the number of drops with starvation can be reversed
by feeding. Thus sensitivity to weight of the legs is a plausible
rmechanism whereby changes in whole fly weight across starvation may
be monitored and relayed to the CNS, resulting in the
starvation-induced changes in behaviour. Howsver, perminently-
mounted flies, with no feedback from their legs, as to their real
wvelght show the same 50% drop changes with starvation éhd with a
meal, as do string-mounted flies, Whilst these two observations

do not conflict with the suggestion that in a free fly the weight
sensitivity of the legs may relay information to the CNS about the
state of starvation, they do raise the question as to how, in this
experimental contéxt,'the change in weight sensitivity of legs

of permanently mounted flies is modulated. The duration of

~ mounting is ruled out (above), and so perhaps abdominal stretch

as abresult of the meal may play a part in influencing the

tendency to support weight by.the legs., That the weight f%ies

will hold in their legs may truly reflect the weight the fly

would 'expectf the legs to bear, for example when hanging on a
tree-trunk, is indicated by the significant correlation betuween
weight increase from the meal and percentage change'in nuﬁber of

drops.

That this response is not modulated into a circadian rhythm was perhaps
to be expected, since the weight of the fly does not change

across the day, except as a functioh of nutrient loss or gain.

The.lack of rhythm emphasises that the response is not a

reflection of spontaneous locomotor activity, which hasrbeen

shoun (Brady 1972a, 1975) to be modulated by a V shaped diurnal

rhythm, '
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CHAPTER 5
5 MEASUREMENT OF THE QSMITIC PRESSURE OF HAEMYLYMPH
5.1, Method

Freezing point deprsssion was used as a coavenient measure of
haeaolymph osmotic pressure (0.P.). - The apparatus used for the
measurement of the frsezing point depression was the same as that

described by Ramsay and Brown (1955) with cardice as a cooland.

Freezing point determinations vers made exactiy as deseribed by
Ramsay and Brown (1955) for both calibration samples of sodium

chloride of known concentration, and haemolymph samples.

Gee (1975 a) had extracted haemolymph by inserting a finely draun
micropipette between the pleural sclerites, but it was”found eagiar

here to cut the wing across the remigial cell, when 2-3 drops of
haemolymph would form and could be collected as follows. The fly
'was held immobile by air suction to a pipette applied to the ventral
thorax (the pipette being connected to a waber pump). A '
micropipette with one end sealed and treated externally with

Repslcote was mounted (open end inwards) with sealing wax into a Pasteur
pipette fitted with rubber tubing at its wide end. As soon as i
possible after cutting of the wing and formation of a haemolymph

drop, the sealed end of the micropipette was broken and applied to

the drop, so that haemolymph rose by capillary action. The

haenolymph was expelled under paraffin in a watch glass whose surface
had been made hydrofuge with Repelcote to prevent spreading of the

drop. Haemolymph was taken from each fly in this way and stored in a

separate watch glass until tested.
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Newly emsrged teneral males and females were tested to give
readings to compare with both newly fed mature flies and mature
flies starved for 5 days. A small number of non-tenerals which had

been fed only once and then starved for 5 days was also tested.

5.24 Rasults

Fig.5.1, shows the results of the calibration of the Raméay
apparatus used with NaCl solutions of known molarity. Thais
calibration was used to produce the.depresgsion of freezing
point estimates given below. |

For each group of flies the mean depression of freezing point
was calculated., 1 tests were carried out to establish any
significant differences between the groups. This is shown in
Table 5.1.

Table 5.1, Mean depression of freezing point for different
groups of flies and & tests between the means

Group N ’}?'AOC X S.E, b af p

Tenerals & | 4 0,888 + 0.0507 .
' . : 3.13| 12 |<0.01
e| 9 | 0.844 2 0.039

-

Mature flies 3.56 15 < 0,01

¢ day 1 10 1,036 + 0,02341 0.49 | 18 |>0.1
¢ day 5 10 1,022 + 0,017 }

9 day 1 8 1.003 0.024-} 2.27 12 < 0,05
o day 5 6 1.367 + 0.179
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FIG, 51, THE RELATIONSHIP BETWEEN DEPRESSION OF FREEZING

POINT 4°C AND MOLARITY OF NaCl SOLUTION

o,data from the Physical And Chemical Handbook

o, calibration readings
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For both males and females, there is a significant increase (see Table
5.1.) in osmotic pressure of the haemolymph from the state in the
teneral fly to that of the mature fly., The change appears to be

made at the first meal. Four males and two females which had been

fed once, and starved for 5 days, gave mean /\°C readings of 1,08 and
0.975 regpectively, i.e, close to those of mature flies,

For mature males, there is no significant differsnce between O;P.

on day 1 and 5, indicating that the sosmotic pressure is regulated
in spite of the degree of starvation, For mature females, the
difference between 0.P. on day 1 and 5 is just significant at the

5% level, bubt this result should be viewed in the light of the

very high standard error of tihe mean on day 5 compared to that on
day 1. Most of this variation came from one fly which had the
smalleat voluae of haemolymph which was slow to exude from the wound,

Throughout all the tests it had been noted fhat when only a very
small voluwne of blood could be oblained by the standard technique,
that sample gave an 0.P. reading above the normal. This in spite

of the blood being drawn into the capillary immediately any appeared
at the wound surface, so that no evaporation would have ocecurred.
These results may indicate that 0.P. regulation is not maintained

beyond a certain level of starvation and dehydration.

The measurements for tenerals fall'within the upper end of the range:
of commonly found values given by Sutcliffe (1963) of betwesn 0.5
and 0,9 /\°C, and compare with figures of Gee (1975g)for teneral
Glossina susteni of 0.7 - 0.8 A%, The figures for the adults

of £,0 = 1.3 [}?C, lie at the upper end of the range of values

found for other insects.
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5.3, Digsenssion

For the mature flies, it appears that the 0.P. of the blood is
regulated until changes occur at a late stage in starvation, such
changes probably being associated with dessication, This is in
agreement with the review of Wyatt (1961) that regulation of haemolymph
0.P. is the gensral ruls in insects. Certainly, for the tsetse fly,
0.P. of the haemolymph does not change in a parallel way to

spontaneous locomotor activity across starvation,

The significant change in haemolymph 0.P. from the teneral state to
that of mature flies is at first glance contrary to the fihdings

of Gee (1975a) that in spite of fluid equivalent to 8% of the
fly's unfed weight passing through the haemolymph of teneral flies
during the first hour of diuresis, there is little disturbance to
the 0.P, of the haemolymph. However, whilst Gee's recordings wers
of the first hour of diuresis, the present change is recorded
between the unfed state, and the state on day 1 after the third
blood meal, i.e, more than 24 hours after the meal., Digestion,

fat synthesis, and prolihe level increase consequent to the meal

are not near completion until about 12 hours after the meal (Langley,
1966b, and Bursell gt _al., 1974), and thus the changes betwsen feneral
and mﬁture recorded here may be a result of digestion of the first
blood meal, not apparent during the initial phase of rapid diuresls.

. These findings do not rule out the possibility that the O.P, of the
haemolymph is regulated whilst concentrations of some of the
" constituent compounds or ions alters, and that changes in

concentration of these may be a causal factor in change in

locomotory activity.
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GHAPTER 6

6. ASSESSMENT OF ANY INFLUENCE OF CROP EXPANSION, ABDOMINAL
STRETCH OR WEIGHT GATN ON SPONTANEQUS LOCOMITOR ACTIVITY

6.1, Tenaralsg
6.1.1. Method

In an attempt to prevent expansion of the crop with air-during wing
extension, three different methods were tried. Application of molten
beeswax to the end of the haustellum failed to prevent wing
exbension, so it was necessary to try puncturing the ptilinum,
Flies were able to heal the wound made by an entomological pin

and continue to extend their wings, although the puncture always
caused emission of a drop of haemolymph, Finally it was found

that a 1 mm, cub into the ptilinum using a piece of mounted

razor blade always caused emission of a drop of haemolymph, and
that more than half ths flies were unable to heal the wound and ;
complete wing'extension, and their abdomens remained shorter than

those of flies with extended wings.

~ To prepare flies for testing, they were picked up within seconds
of emerging from the puparium case, and the ptilinum cut. Flies
which extended their wings were used as controls. Flies with
‘unextended wings were used as the experimental group which had not
undergone crop expansion (Langley 1967b ), Both groups had lost a
similar amount of haemolymph, It was not possible to record the
weights of the newly emerged flies, since ths usual anaesthetic

used, carbon dioxide, causes crop expansion,
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Both groups of flies wsre tested for spontaneous locomotor activity
from lights-on the day after emergznce until death., The flies
capable of flight were tested in the usual sized actograph, and
those capable only of walking/jumping, in the small actographs,

so that the shorter distances walked would rock the box.

6.1.,2, Results

Only data from flies which lived at least two days after the day A
of emergence were used to calculate. the mean daily activity as a
percentage of the total. The means for the two groups are given
in Table 6,1, and Fig. 6.1. o

Table 6.1, Mean daily activity expressed as a percenbtage of
the total + S.E,

DAY Flies with unexvended wings , Flies‘with extended wings

1 48.53 + 5.09 . 27.06 + 5,35
2 38,84 + 3.66 27.22 + 3.82
3 6,47 + 2,31 26.94 + 3.88
4 3.53 % 2.04 1494 3.31
5 3.78 + 1.65

For 19 tenerals with unextended wings, hereafter called W1, and

18 with extended wings, hereafter called W2, a 1 test was performed
on the total numbers of flight bursbs shown from insertion into the
actographs until death. This gave & = 0.25 at 35 af with p>0.8.
Since there is no difference in the overall number of bursts, the

percentazes of activity per day are comparable.

There is a clear difference betueen the groups, WL flies being most-
active on day 1, with a progressive decline in activity on subsequent
days, whilst W2 flies show a lower activity level on day 1, which

is maintained for a further two days before activity begins to decline,
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FIG.61. THE EFFECT OF PTILINUM PUNCTURE AT EMERGENCE ON -

SUBSEQUENT ACTIVITY OF TENERAL FLIES.

o, W1 flies, unextended wings N=19 0O,W2 flies, extended wings N=18

A,untreated flies N6

Bars=959 confidence limits, Ordinate: flight bursts per day as a

percentage of the total number across starvation
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The walking/ jumping behaviour of the Wl flies would have involved
an unknown, bul lower energy expenditure than the flight of W2
flies. During flight flies have a metabolic rate 100 times bhat

of flies at rest, (Bursell et al; 1974). A comparison of the
length of bursts shown on day 1 by 8 fliss chosen randomly from
each group gave a difference between the two means (which were
0.685 mm. length pen marks and 0,618 mm., respectively) as less than
0.0869 standard deviations from zero, with an associated probability
of p> 0.92, Thus in spite of the different modes of locomotion,
and different levels of energy expenditure, spontaneous bursts

of locomotor activity of closely similar lengths'were performed by

each group of flies.

6.1.3. Discussion

Since the number and length of bursts of locomotor activity
performed, and the amount of haemolymph lost at ptilinum puncture,
are similar for the two groups of fly, the difference in the change
in activity across starvation for the two groups may be explained
as follows. During wing extension in normal flies thes crop expands
with air (Langley 1967 b). This expansion may be measured by

crop or abdominal stretch receptors and relayed to the CNS to set -
the high initial threshold for spontaneous activity. Subsequent
threshold lowering is probably related to change in weight (see Brady,
1975, for mature males). ‘ '

The threshold of W2 flies is not seb so high as for untreated flies
dus to difficulty in fully expanding the crop immediately after
étilinum puncturing. However, it is considerably higher than that
of Wl flies and the course of subsequent activity, especially the
post peak decline is more similar to that of untreated than to that
of W1 flies. Wl flies, which had no crop expansion did not have the
threshold raised, and performed so many bursts on day 1 (with a
mean of 49.74 * 8.8/ bursts per fly, compared to 21.72 + L84 of

W2 flies) that nutrient shortage causes a reduction in activity
Jevel the next and following days in spite of the (assumed) lowering

of threshold due to weight loss.
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Thus 1t appears that in tensral flies crop expansion sets the threshold
to a high level with the result that as the threshold lowers,

probably in association with weight loss, there is enough nutrient

left to support a rise in activity for 2-4 days. Such an increase
before nutrient shortage reduced activity was observed in untreated

flies shoun here, and by Brady (1972a).

6.2 Mature fliesg

6.2,1. Msthod

Dilute blood meals were given through a membrane feeding system.

- Blcod was removed from the mid vein of an ear of a lop—éared rabbit
by a technical assistant. 7.5 ml. of blood were drawn siowly into
a 10 ml, disposatle syringe and added to 1.5 ml. sterile sodium
citrate solution (made by adding % gm, to 100 ml, distilled water)
to prevent coagulation. The citrate diluted whole blood to 83%

of its original strength,

A1l further materials and equipment used were sterilised in an
autoclave unless otherwise stated. 6 ml. of the blood were poured
into one small glass tube, and this is referred to as 83% b}oodb
hereafter. 3 ml. of the blood were poured into another tube, and
to thig were added 3 ml. of 0.85 M NaCl to give a 50% dilution of
the first sample which reduced its concentration to 42% of whole
blood, The addition of 0.85 M NaGl retained the same osmotic
pressure as whole blood (Langiey, 1966 a)., Yorke and Blacklock

- {1915) had found that Glossina palpalis would readily imbibe
blood diluted to 50% strenzth by addition of normal saline,

Ths blood was maintained at 37°C during feeding as follows.
Petri dish 1id containers were placed on the bottom of a pyrex

glass domestic casserole dish floating on a water bath at 3906.'
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A thin layer of absorben®t cotton wcol was placed in each petri dish,
and the different blood dilutions poured singly into each dish.

Thin metal rings 8.7 em. in diameter, and 13 mm. deep had been cut
from a cylinder. The sharp edges had been rounded by plastic sleeving
wire. A square of two-way stretch Parafilm M was sterilised by wiping
with 70% aleohol, and was gently heated and stretched and pulled

over the metal ring until firmly in place. The ring just fiftéd
inside the Petri dish 1id, and was placed on top of the blood and
cotton wool, Parafilm side down.

1 mm, thick Agar membranes, made in the base of a Petri dish with
3% Agar dissolved in 0.15 M NaCl (Langley, 1972), were placed
on .the parafilm inside the metal rings. Within minutes of being

positioned, the membranes were warm enough to elieit probing.

Flies used for these experiments were given their first two blood
meals from rabbits'! ears as normal., The membrane feeds were given
on the same day that the normal third meal would have been given.
During the feed the plastic 1lid of the tube was replaced by nylon
netting held in place by‘a rubber band., = This prevented an
accumulation of moisture at the top of the tube. Care was taken

to return the correct 1id to each tube for weighing purposes.

The weight of each fly before the meal was measured by weighing
a standard tube empty, and then with the fly inside. The weight
of the meal was measured immediately after imbibition, and at
various intervals afterwards, the time at which each weight was

taken being noted.

At each run of %his experiment, 3 flies that had fed on 42%
blood and 3 that had fed on 83% blood were placed singly in rocking
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box actographs the evening after the membrane fed meal, and their
activity recorded until death, Flies with nutritional backgrounds
as closely similar as possible were used. Any remaining flies were

monitored for weight loss until death.

602.2- Results

The weight loss during rapid diuresis was monitored to show any
difference in rate between the two blood dilutions, and to show the

final percentage of the blood meal retained in each case.

Fig.6.2. shous the percentage weight retained by the two groups

from the time of feeding until 240 minubes after the meal.— Since
weight measurements of each fly were made at different times, it

was necessary to estimate each fly's weight at the specific times
selected for calculating the means. This was achieved by calculating
for each fly, the weight loss per minute between successive
measurements and estimating the loss of weight from this. to match

the spécific time required. The means of these estimated weignts

- are expressed as a percentage of the blood meal retained, and are
plotted on Fig. 6.2. From this it can be seen that the rate of
diuresis is the same for each group up to 30 minutes after the feed.
After 30 minutes, the rate of diuresis in flies fed 83% blood slowed
down more quickly than those fed on 42%., Beth groups had ended

rapid diuresis within two hours. By the end of diuresis, 42%

flies had retained 29% of the original blood meal intake, and

83% flies had retained 49%. There was no significant difference -
between the mg. imbibed/mg = emergence weight between the two

groups (see below), so the retention figures are comparable.

A1l results given below are corrected to mg. imbibed per mg.
emergence weight to standardise the results. A small proportion
of the flies, particularly those fed on 83% blood, failed to complete
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FIG.6.2, THE PERCENTAGE OF THE BLOODMEAL REMAININING DURING RAPID DIURESIS IN FLIES FED DIFFERENT
BLOOD DILUTIONS.
o, @, Individual readings and means respectively of flies fed 83 "/;,blood, N=14

A, 0, Individual readings and means respectively of flies fed 422blood. N=21

Bars= 95 °/° confidence limits
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diuresis successfully and were discarded, Data from‘flies in the
actographs were used to calculate total daily activity when 42%
flies had lived for at least 3 days, and 83% flies had lived for
at least 4 days, after the meal.

The flies chosen to be placed in the actographs were tested %o
confirm that there was no difference between the two groups in size
of blood meal taken. This gave t = 1,03 at 31 df with p>0.1, and
thus no significant differencs. '

The data from the flies in the actographs were tested for any difference
in the total number of flight bursts per fly across starvation in

the two groups. 83% flies gave a mean of 31,16 + 3.85 flight bursts,
and 42% flies gave a mean of 21,16 + 2,81 bursts. The % test

between the two groups gave t = 2.15 at 30 4f with p<«0.05, so a
significant difference in the number of bursts was shown between

the groups.

Fig. 6.3. shows the means of the number of bursts per day expressed

as a percentage of the total number of bursts across starvation for
each group., There is a clear difference between groups, with 42%
flies most active at the beginning of starvation and then activity
progressively declining through to death. 83% flies showed a steady .
increase in activity up to day 4, and a progressive decline thereafter.

A t test was performed on data of third blood meal sizes from all
flies fed, including those uged for actographs, to show any
.compensation by the flies for the different levels of dilution.

28 2% flies gave a mean of 2,24 + 0,11 mg./mg. emergence weight

and 37 83% flies gave a mean of 2.25 + 0,11 mz./mg. emergence weight,
the two groups giving a t = 0.09 at 63 4f and p>0.9. There was
therefore no significant difference in the size of the blood meal

taken by the two groups.
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FIG.6.3. THE' EFFECT OF DIFFERENT BLOODMEAL DILUTIONS ON
SUBSEQUENT ACTIVITY OF FLIES

A,FLIES FED 837 BLOOD. N:=14., o FLIES FED 42 % BLOOD. N-18.

ORDINATE : FLIGHT BURSTS PER DAY AS A PERCENTAGE OF THE TOTAL

NUMBER OF BURSTS. BARS:SS'/, CONFIDENCE LIMITS,
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6.2.3. Discunssion

Whilst the blood imbibed by the 83% flies contained twice the

amonnt of nutrient of that taken by 42% flies, the 49% (see Fig. 6.2.)
that they retained is not double the 29% retained by the 42% |
flies. This was unexpected since Bursell (1960c) indicates that
flies retain enough moisture at each meal to make up the tissue
deficit. Thus, given comparable deficits, the 83% flies would

bave had to retain a greater proportion of the meal to ensure |
hydration comparable to flies fed on 42% blood. No explanation .

for this is immediately apparent.

Within 30 minutes of commencing diuresis, both groupg had lost

33% of the initial meal intake, this is only slightly less than the
38% loss in 30 minutes reported by Moloo and Kutuza (1970) for
G.brevipalpis. These workers found that flies fed on different

meal sizes showed the same rate of diuresis, which is thus independent
of meal size. From the results shown here for G.morsitans, since
flies fed on different dilutions of blood show the same rate of
diuresis, then this rate is also independent of dilution of the
blood meal. The rate of diuresis must reflect the rate of crop 7
emptying, so that this is also independent of diluﬁion, in contrast
to the situation in Phormia regina, where the rate of emptying is
faster the more dilute the contents (Gelperin, 1966 b).

Rice, Galun, and Margalit (1973 b), have commented that the
preponddrence of mechanoreceptors and the limited range of
effective phagostimuiants of G,austeni reflect the obligatory
nature of the blood sucking habit in the fly. That there is no
mechanism whereby the crop responds to different dilutions of the
blood is a further reflection of the single food source of the

tsetse.
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Within three hours the 83% flies had lost 51% of the initial meal
weight, which is very similar to the 53% voided in three hours by
mature male G. morsitans reported by Brady (1975).

83% flies performed only 1% times as many flight . bursts as

42% flies, in spite of receiving twice the amount of nutrient.
Since control flies showed no change in flight burst length across
starvation (see also Brady, 1975), the smaller number of flight
bursts by 83% flies in relation to their solids intake could have
resulted from extra energzy utilisation per flight due to extra |
weight, '

The difference betueen the two groups in change in activity
across starvation indicates that it is not the initial stretecn of
the crop and abdomen, which was the same for each group, but that
it is the weight retained froh, or the abdominal stretch after
diuresis and subsequent to the meal, which cause the observed change
in threshold to spontaneous locomotor activity. This confirms the
finding of Brady (1975) that weight, and abdominal stretch as a

function of it, correlated most strongly with change in activity.

These results also compare with those of Hopkins (1954), who .
showed that in Stomoxys calcitrans the probing response to vapour

of flies fed dilute sucrose was very similar to that of an unfed

" control gréup. These flies had imbibed larger quantities of the
more dilute meal than a similar group fed on concentrated sucrose
whose thresholds rose considerably after the meal, and thus she
concluded that the probing threshold depends upon the nutritive

valus not the volume of the meal.

Galan (1975b) had fed tsetses on saline + A.T.P. solutions made
more viscous with dextran, This increased the lengbh of time of
each feed, but did not reduce the volume taken, and thus the
length of feeding is also unimportant in altering the threshold

to imbibe.
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Mews et al. (1975) found that flies could compensate for blood

diluted with 0.85% HaCl up to 40%, and still retain a rate of
reproduction comparable with control groups.. They found that frequency
of feeding and meal size were proportional to the degree of dilution
over a period of time. Since there was no significant difference
betwesn weights imbibed by 42% and 83% flies, compensation such.as

that observed by Mews et al. must occur at subsequent meals, and

the flies do not respond to dilution per gse. but to the resultant

lack of nutrition.

In addition to this, Rice (1972b) found that tsetse flies with an
ineision in the ventro medial abdomen and crop to allow the blood to
flow oub, and thus with no abdominal streteh from the inbake of .
blood, imbibad twice the usual weight, He concluded that the
satiety response depends primarily on stratch reception and only
secondarily on adaptation or fadigue cf cibarial sense organgs.

That bobh groups here imbibed the same amount of blood confirms this,
since if adaptation was primarily impbrtant in cesasation of
imbibition then it would be expected that smaller meals of the

more concentrated blood would be taken, This is not the case.
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CHAPTER

7. ASSESSMENT OF ANY CENTRAL EFFECTS FROM THE ACT OF FERDING,
BY PARTTIAL FEEDS

7.1, Mettiod

Flies with known equivalent intakes at their first two blood meals
were split into two groups. The first group, acting as contrel,

was not offered a third meal, while the other group was offered a
rabbits’ ear to feed on in the usual way. This labter group was
allowed to respond to the temperature/humidity gradient and alight

on the ear, go through the exploratory tasting part of probing,

and begin imbibition. They were then removed from the ear as soon
"as their abdomens showed the first tinge of red, The intake of

blood was measured, and partially-fed and non-fed flies were

placed in actographs and their spontaneous locomotor activity measured

from lights-on the next day until death,

The first groups of flies were offered a partial feed at the

same time as they would normally have been offered the third blood
meal, i.e. after three clear days had elapsed since the second
blood meal, This resulted in recording beginning on the morning
of the fifth day since the second blood meal.

Results from bthe early groups showed parallel changes in decrease
of activity betusen the partially and non-fed groups. Bub in
view of the length of tims since the prevlious full feed, this did
not rule out the possibility that the similarity was due to
shared shortagé of nutrient rather than lack of effects from the

act of feeding in the partially-fed group. Shortage of nubtrient
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is likely %o be important in flies of this age, since, as well
as various metabolic demands on energy from meal intake, 15%
of the energy from the first two meals is used in protein
development of the thoracic musculature and cudicle (Bursell
et al., 1974)

To investigate this further in a second group, flies were given
a partial meal (or not fed) on day 2, i.e. when only 1 clear day
had passed since the second blood meal. These were recorded for

spontaneous locomotor activity as before.

7020 Restﬂ.hg

When testing for any effects from the act of feeding, it was thmught
inadequate to know merely the dhange in percentage acti#ity each
day, since two similar levels of percentage activity might conceal
different absolute activity levels. Central effects from ths V
act of feeding, if present, may reasonably be expected to cause a
reduction in activity level which in itself must influence any
subsequent change in activity level, and thus, the percentage

of activity performed each day.

In view of this consideration, the results are presented as the
mean number of flight bursts per day. Whilst there is considerable
variation in the amount of activity performed by different flies
(Brady, 1972a), groups of flies chosen in the same way from the
population of flies sen weekly from Bristol shouwld all contain a
similar range of activity levels, Thus it is considered that a
meaningful comparison may be made betwsen the mean activity levels

of different groups.

In order that any observed differences in activity level could

be attribubed to the effects of the experimental feeding treatmentis,
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the mean weizht of blood imbibed during the first two preparatory
blood mzals of the differeant groups of fly was calculated. This
was expressed as mg blood imbibed/mg emergence weight for the total
of the two meals, for each experimental group., ibtests between

each pair of groups showed no significant difference, with

p>0.1 in all cases.

The means (+S.E.) of the nwiber of flight bursts performed each
day by each group after the experimental partial or full third
blood meal, are glven in Table 7.l., and showa in Fig.7.l..

Days here refer to the days following the experimental third
tmaall,

Hereafter the following letters are used to denote the experimental
groups:- partially fed (PF), non fed (WF), and fully fed (FF).

The number following indicates the day after the second blood

meal on which the experimental meal was given.

PF/ flies, with a mean experimental blood meal intake of 4.25 mg,
and 0,28 mg/mg emefgence weight, gave 27% fewer flight bursts on
day 1 than NF4 flies. FFL flies, with a mesn intake of Al,79mg,
and 2,06 mg/mg emergénce weight, performed 33% fewervflight bursts .
on day 1 than the NF/ flies. FF2 flies, after a mean intake of
7.36 mg, and 0,36 mg/mg emergénée weight, performed 32% fewer
flight bursts on day 1 than NF2 flies. It should be noted that =
although PF2 flies imbibed nearly twice the blood of PF4 flies,
this probably offered similar or a smaller percentage chahge in
their weight, since FPF2 flies would have had a greater proportion
of the second blood meal remaining. Thus, there is not a simple
relationship between mg blood imbibed, and resultant change in
activity level. All three fed groups exhibited similar levels

of activity on day 1, irrespective of the volume of blood imbibed.



Table 7.1,

Day || Partially=fed N=15 .

48]

N 00 Wy W

MEAN NEQ@ER OF FLIGHT BURSTS PER DAY + S.E.

Treated day 2

11.60+0,94

13,33+1,19
15,53+1,23

15,73£1,27
13,50+1, 88

6,07+1,57
1.53+0,9

Non-fed N=18

17.17i2.44
18.22+2.40
17, 44£2,00
16,00+1, 76

7894145

2.78+0,88

Treated day 4

Partially-fed N=21

11,19+1.31
11,29+1,23
11,38+1.30
7.,00+1,32
1.52+0,53

Non-fed N=19

15.26+1,79
13.68+2,.65
7.15%1.73
2,69+0,99

Fully fed|N=77
dzyse l-[ﬂ

10,08+0.67
12,29+0,80
15,35+0.85
17.87+1,30)

YN=15
22,73+2,04)
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FI1G. 71, MEAN NUMBER OF FLIGHT BURSTS PER FLY EACH DAY

SUBSEQUENT TO DIFFERENT SIZES OF BLOODMEAL

{Day 2 o, non fed, o, partially fed flies, [Day 4 A, non fed A, partially fed, -

o, fully fed flies,

Barsa S .E;7of mean
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The mean number of flight bursts of 77 FF. flies on day 1 of
10,08 + 0.67, is comparable to 8.9 + 0.9 bursts for 22 mature
males reported by Brady (1972a), although the activity of his .
flies was recorded in actographs twice the volume of those used

in the present experiment. His recording also began some 6 hours
nearer to the meal than did the present recording, There is close
similarity between the number for FF, flies, and 11.6-+ 0,94 |
for PF2 flies and 11.19 * 1.31 for PF4 flies.

Whilst PF4 flies showed 27% less activity on day 1, than NF4

flies, this did not leave sufficient nutrient to enable flies

to give a substantial increase in activity on the following days,

PF2 flies showed less activity on day 1 than NF2 flies, and a

peak on days 3-4. This was 1-2 days later than the peak of the

NF2 flies. The same is true of the relationship between PF4 and

NF.4 flies, and the ability to increase the level of activity probably
reflects both the small amount of extra nutrient available from

the partial feeds, and that nutrient saved by the drop in

activity immediately after the meal.

The activity of the different groups of flies began to decline -
from differsnt peak activity levels, However, the rates of

decline are so similar that it appears that, for each peak

éctivity level, the decline begins at'a.level of nutrient sufficient
to support a standard rate of decline. It can be assumed

that the achivity of FF/ flies would have begun to decline after
day 5 (Brady, l972a) with the decline resembling the closely

similar declines of all 4 groups of experimentally 'fed® flies.

It would be expected that NF4 day 1 and NF2 day 3 would have
shoun similar levels of activity. From Fig,7.1. it appears that
W72 day 3 flies are more active, Houwever, there are relatively

large standard errors to the means, and a t test gave no
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significant difference, with & = 1.21 x 35 df with p>0.2,

The standard errors of the means of non-fed groups which were
placed in the actographs at different time lags after their
gsecond meal are rather large. This may reflect the variation within
a group of flies in the number of flight bursts performed, and
thus the varying rates of nutrient utilisation and weight loss
for different flies, By contrast, the standard errors of the
partially 'fed! flies, all placed in actographs immediately after
the experimental 'meal', were much smaller. As with the similar
activity levels, the lower S.E.'s on day 1, must indicate a
standard imput from the act of feeding, irrespective of the
weight imbibed.

To check that the number of bursts was not maintained at the
expense of a reduction in burst length at later stages in
starvation, the following test was performed. The Edgecumbe
Peebles output was carefully analysed to look for anj change

in the length of flight bursts after each fly's peak in activity |
level, The length of each burst has been shown to remain
nearly constant up to the peak, both in the apparatus under
discussion (see Table 3.1), and by Brady (1975,p.809). Ten

' flies were used which showed at least one day of lower activity
before the peak was reached, The day of the peak was called day
1, and lengths of bursts were measured on it and on days
following until death'occurred. )

Lengths of flight bursts were noted by measuring the width of

pen markings on the pen recorder output. Only flight  bursts .
from dawn to the end of the morning activity were measured, but
there is no change in flight burst length across the day

(Brady and Crump, 1978).

The mean length of each fly's bursts on each day was caleulated,

and a t test performed between lengths on days 1 and 2, 1 and 3,
and 1 and all lenghths shoun on the day before death. These results
are shown in Table 7.2,
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Table 7.2, MEAN LSNGTHS (mm OF FEN MARX) OF FLIGHT BURSTS

Fly Day
1 2 : 3 A 5
1 0.539 0.8571 0.433
2 0.517 | 0.565 J.613
3. 0.891 0.607 | 04433
4 0.564% 0.520 0. 400 .
5 1.164 1.060 0.820 1,020 | 0.575
6 0.30 0,300 0.200
7 0,647 | 0,573 | 0.489 |0.300
8 0,755 0.847 | 0.840 |0.520
9 1,230 | 0.730 | 0.533 -
10 0,932 1.040 0.718 0,673 | 0.433
GROUP MeAN Final days before death
+ 3.E, 0.819 | 0.710 | 0.548 |0.444 +0.04
+0.08 | +0.08 | +0.06
Days 1 + 2 Days 1 + 3A Day 1 and final day
k1 £ =0,97 L =2.62 & =414
tosts | 4p = 18 af = 18 ar = 18
p>0.3 p< 0.02 p< 0.01

lfhough there is a small reduction in flighf burst lengbh from

~ the day of peak activity to the following day, this is not
significant, with p> 0.3. Significant differsnce is not reached
until the third day after the peak, which for 60% of the flies
was the day before death., The significance is increased by
comparing all day before death lengths with the lengths on the
day of peak activity. Thus it appears that flight bursts of

standard length continue to be performed until shortly befors death,
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7.3. Discussion

In spite of the differsnt sizes of meal imbibed by PF2, PFA and

FF flies, all three groups showsd a very similar level of activity
on day 1 after the meal, but followed different trends after this.
Thus there appears to be a base line level of activity resched after
meals of any size, with the length of any subsequent increase.

in activity and the level reached reflecting the levels of

nutrient remaining.

This apparent setting of a baseline leval of activity following

a meal, irrespective of the size of that meal was unexpected, in
view of the sirong negative correlation betwesn weight and
activity levels found by Brady (1975). From that weight-activity
correlation, it was to be expected that FF/ flies with a blood meal
intake, as mg/mg emsrgence weight, 7.4 and 5.7 times the intake of
PF4 and PF2 flies respectively, would have given activity levels
appropriate to the different weights of flies after the meal. This

is not the case.

For flies with adeguate nutrient, such as those in PF2, activity
raached a peak level, followed by a progressive decline until death.
However,weight would have continued to decrease from the time of
feeding to that of death. It is difficult to envisage a threshold
of activity being set by a bimodal reéponse to weight, so that
beyond a certain weight, furthef decrease inhibited activity,
Furthermore, ancther measure of responsiveness, probing tendency,

. has been shoun %o increass until hours before death, (See Chapter 8.).

Bursell et al. (1974), comment that the progressive increase in

the proportion of time spent active during a hunger cycle shown

by mature males, as reported by Brady (1972a) correlates well

with the progressive increase in the proline reserve of mature flies,

during the first three days after the meal, although there are no
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published data showing this., They give the observation of Hargrove
(1973) that the progressive declins in proline concentration during
flignt is associated with a corresponding fall in wing beat
frequency as an indication of 'the close relation between

proline availability and flight activity! within a flight burst.
Since it has been implied that proline may control flight .
activity, any feasible method by which the association may be
maintained should be examined. '

There is a considerable metaboiic cost in digesting the blobd
meal. Bursell (1970) described the following costs. Energy

is lost in the synthesis of triglycerides and %o a lesser

extent (except for during the initial growth of flight musele)
proteins from the amino acids released, znd in the detoxication of
oL amino nitrogen by incorporation into uric acid. Energy

is also used for transport of digestive products and recyecling
water and inorganic salts through the malpighian tubules and

the rectal gland system, DBecause proline is ﬁhe"main substrate
for oxidative metabolism, both the 6 hours of intense oxldative
(digestive and excretory) activity after the meal, and the following
lipogenic period are characterised by a very low proline level,
The imporbant result of this activity is that during day 1 after
the blood meal, thé proline concentration from thoraces of resiing
flies falls to half the pre-meal level, and does not regain the
pre-meal level until some'BO bours later. In the experiment under
discussion, recording of activity began the day after the third
meal, some 20 hours after the meal, |

The amount of trypsin found in the digestive part of the midgub
correlates with the protein level there (Gooding, 1974R). In
addition, digestion ceages at about 30 hours. (Langley 1966b, McCabe
1973), so that there will bs a constant length of time taken %o
digest any size of meal, and during the first day proline synthesis
should be matched by proline utilisation {for emergy consuming

processes described) for all sizes of meal,
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The change in proline levels and synthesis across starvation

are described by McGabs (1973) as follows., Abdominal prolins
increases slightly up to 48 hours after the meal, and thoraeic
proline (which forms 355 of total fly proline) reaches the
hizhest concentration at 72 hours after the meal and showed only -
a very slight decline to 96 hours. '

The methods of proline synthesis change across starvation,

There are two dg novo methods of synthesis. In the earliest,

amino acids released from the blood meal early during digsstion
may be incorporated directly into proline. This method of
production ceases when digestion ceases at 30 hours. Prolins

may also be synbhesised from abdominal lipid sources, with the
residual blood meal (RBM) used to supply free C. This is a

rapid method of synthesis, and is tiought to maintain proline supplies
dweing flight (But see Bursell, 1978). In addition, proline is
resynthesised from alanine produced asg a result of partial
oxidation of proline. This is a much slower process, which on days
2, 3 and 4 requires 45 minubes for proline to approach the
pre-flight levels after 4 minutes of induced fiight (Bursell, 1963).
After exhaustion of the RBM, each flight adds to a nitrogen -
shortage, and proline is then resynbhesised by a reversal of the
oxaloacetate decarboxylase enzyme (Unpublished data by Burssll

and Hargrove, quoted in McCabs 1973).

If proline concentration was settlng the activity threshold, it
would be expected that the decline of proline after days 3-4,

and the change in methods of resynthesis of proline after the
exhausbtion of the RBM on day 4 would be reflected in a change

in activity level. However, caution is needed in comparing
observed activity with proline levels, since although data in
McCabe (1973) were collected from flies at similar temperatures

to those used to record activity, his flies wers kept in constant
darx, and so would have been very inactive {Brady, 1972a). Had
MoCabe's flies been in a L.D. 12:12 hour cyele, and in actographs,
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it can be asswsed that due to an inerease in activity the

observed decline in proline level, after the maximum on days

3-4, would have occurred earlier, reflecting the energy utilisation
due to the increased activity. The data for exhaustion of RBM

came from Brady (1975), from fiies under similar conditions and
wiaich had imbibed similar amouats of blood per mg emergence

welght to those used for activity measurements here, There is a
smooth increase in activity in FF4 flies during days 3, 4, and 5,
in spite of the decrease in proline level described above,
indicating thers is an an overriding factor other than proline

influencing activity,

Furthermore, it is difficult to envisage a behavioural threshold
being set by a metabolite whose concentration fluctuates with
each flight burst, dropping to 17% of the original level in 2
ninutes of flight, and requiring approximately 45 minutes to
approach the pre~flight level after the flight (Bursell, 1963).

The following hypothesis is offered as a means of reconciling the
differences in timing. between the change in proline and change in
activity across starvation, the strong correlation between weight
‘and activity (Brady, 1975), the similar levels of activity of flies
of differsnt weight on day 1 (Fig.7.1l.), the maintainance of a.
staidard burst length until late in starvationand the decline in

number of bursts late in sbtarvation.

The day after the experimental 'meals', dus to the metabolic
acbivity described, the resting prolins levels of 'fed! flies will
all have been very low irregpective of different weighfs

imbibed., It is envisaged that this low level would have been
close to ths minimum level needed to sugtain a flight burst of\
standard lenzth. This would mean that a new flight burst would "
not ba initisted until the proline reserve was reconstituted to
its maximum resting level for day 1. This would reduce the ,
number of f£light bursts in all 'fed! groups, with proline as a

limiting factor exnlaining ths similarity between the groups.
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After day 1, which set activity to a base-line level, activity in
FF4 flies did nobt reach a peak at the same time as proline would
have reached its highest concentration. This must indicate that
proline, although it may act as a limiting factor, is not
excitatory., The steady post day 1 increase in activity of FF4
and PF2 flies may be explained by the weight-activity
correlavion, with threshold to spontaneous locomotor activity
being set by the fly's weight change,

The decrsase in aclivity in PF2 and PF4 flies after the peak
in activity, and the earlier decline in activity of NF2 and
NP'j flies may be explainad as follows. In spite of continued
welght loss, and lowering of threshold, shoriage of proline
again becomss a limibing factor, reducing the number of f£light

bursts.

Whilst this hypothesis appears to fit the available experimental
evidence, in order to increass confidence in it, the standard
errors on the activity data should be reduced by increasing the
number of flies in each experimental group. '

The observed similarity on day 1 afﬁef different sizes of meai
might also be due to central effects of the act of feeding itself
rather than nutritional changes resultant to the act of feeding.
However, this is unlikely since no evidence has been found to
indicate this for other insects (Barton Brown, 1975); Hopkins
(1964), in a study of Stomoxys calcitrans, showed that the
probing threshold was not significantly altered by a partial blood
‘meal. Hudson (1957) showed that the time course of taste threshold
change in Phormia regina could be altered by increasing the activity

of flies, so that the resultant change in nutrient was of greater

importance than any central feeding effecis.
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CHAPTER 8

8, INVESTIGATION INTO CHANGE WITH STARVATION OF ACCEPTANCE
THRESHOLD TO STIMULI FOR PROBING

80 1 . bhterials

Some high dengity, load-bearing polystyrene was taken, and a ball
of 12.5 mm diameter carved out. The ball was halved and the core

scooped out leaving two shells,

A Dball of lovw enough weight, and which could be heated to known
exact temperatures was made as follows. An ITT light bulb type
30379 & was lain across the cenire of one half shell, its wires
held in position in a very shallow groove. The bulb was covered
with silver foil %o prevent any light escaping, The other half
shell was glued back in position., Just enough wire emefged from
the sides of the ball that very fine gold wire could be attached
by cold silver solder. These wires were attached to two terminals
" apart, supplied from a variable voltage output. The ball
weighed 290 mg. ' '

The ball wag calibrated as follows. A DANA digital voltmeter model
4430 was prepared for calibration. An ITT unmounted bead type

thermistor U230S of 259p_ diamater was connected to a battery of

known volbage, and then into the voltmeter via resistor of 50CR

The thermistor was then calibrated at ambient temperatures of
25 + 1°6, by being lain against the bottom of a glass dish

floating on a water bath of known temperature. The temperature
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of the watsr bath was ralsed very slowly, and the voli reading
noted at each temperaturs, Each temperature was tested on 2
separate runs, and a mean noted. Table 8.1. gives the
rzlationship between voltage recorded, and temperature of the

wabtar bath.

The thermistor was then used to monitor the temperature change
at the surface of the ball, when differeat voltuges were passed
btarough the inner light bulb, Voltages from 1V - 97V in:IV
increments wers tested. The thermistor was lain agalnst the
side of the ball in the sams way and at the sams ambient tamperature
as 1t had been calibrated against the glass dish, With the
voliage being raised I V at a time, the temperaturs at the
outside of the ball had stabilised within 3% minutes of the
volkage changs. 4 series of voltmeler readings from 4 minuties
to 8 minutes were taken. Table 2.2. gives the relationship
between the voltage input to the ball, and the voltmeter
readings from the thermistor, For each voltage input, at
1eas§ﬂl9 voltmeter readings were recorded. The means of tﬁese

recordings ars given in the table,

Fig.8.1. shows graphically the data in Tables 8.1, and 8.2,, and
was used to find the volbage input to ths ball needed to glve the |
desired temperature at the surface. Table 8.3, shows the

relationship found, and those voltages used in experiments.



Table 8,1, Relationship betusen voltreter readings (means of 2 measurements) and

temperatyre

% 25 26 27 28 29 30
Voltmeter ' : |
reading 0.11014 0.,10767 | - 0.10590 0.10256 0.09915 0.09697
% 31 32 33 34 35 3
Voltmeter _ ' :
reading 0. 09463 0. 09129 0,08896 0.08667 0.,08456 0.08230
% 37 38 39 40 JAl ;2
Voltmeter . ‘
readling 0.08077 . 0,07820 0.07566 0.,07.71. 0,07252 0,07068
o)
c 43 - L, 45 46 47 48
Voltmeter
reading 0.,06863 0,06671 0,06485 0.06336 - 0,06213 0,06025
°c 49 50 |
Voltmeter , , -
reading 005920 0.05750




Table 8.2,

Voltage input

Mean voltmeter

reading

Relationghip between voltage input to the ball, and voltmeter readines from the thermistor

0,10334

0.09962

0.09457 | 0.08988 | 0.08226 | 0,07740

Q.07011

0.06631

0.05935

Table 8.3. Relationship between voltage inputb
: to the ball, and surface

temperature

Voltage 1.3] 3.4 5.3] 7.0 8.5
Temperature °%|| 27 32 37 | 42 47

-85
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FIG.8.1, THE RELATIONSHIP BETWEEN VOLTMETER READINGS FROM THE
THERMISTOR AND KNOWN TEMPERATURE, OR KNOWN VOLTAGE
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8.2, Mathod

Two main factors needed consideration in the methods used to
investigate probing response to different temperatures. Firstly
it was necessary to remove the influence of the prevailing level
of locomotor activity from the probing response so that the
probing response was measured independently of the tendehcy to
initiate. locomotor activity. Secondly if the flies were kept
in conditions as near to normal as possible and which allowed
normal activity when not being tes%ed, then the consumption of
stored nutrients, and any effect the level of these may have on
tendency to probs, would have been closer to that encountered

by flies under normal laboratory feeding conditions. In practice

it was not possible to satisfy both of these requirementa.

The first method used was to have the flies free in the usual
storage tubes whose plastic 1ids had been replaced by nylon ‘
netting secured by a rubber band, Half of these flles had their
wings waxed together Lo examlne how this altered the activity

level during recording.

A pyrex domestic casserole dish, floating on a water bath whose
temperature could be altered to the required level, was used as the
surfacs of known temperabure offered to the flies to see if any
probing would be elicited. EBach fly was offered each different
temperature once each day. - Testing began at 2700, all flies being
tested, and then the temperature of the water bath taken up to 32°%,
a process which took about 5 minutes, and then all flies tested at
this temperature. In this way temperatures of 27°C, 32°G, 37°C,
42% and 47°C were tested.

Testing began 1 hour after lights-on each day, and was started the
first day after the third feed, and was continued for 5 days. Each

tube in turn was placed loose netting end down onto the base of the
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pyrex dish. If the fly was already touchinz the dish, a clock was
started immediately. If the fly was resting in the top of the
tubs, a sharp knock was made against the tube to dislodge the

fly to the bottom, and then the clock was started. 60 seconds
vers allowed to each fly. Immediately after starting the clock,
the loose netting was gently displaced to one side by 1 mm, Thig
was done to simulate the condition of feeding on a rabbits! ear
where friction against the hair due %o partial rotation of the
tube had been found to encourage probing., The number of flies
which probed was recorded.

This method showed that waxing of the wings together did reduce
activity in the tubes, and thus the fly remained in conbact with
the temperature stimulus a greater proportion of the experimental
time, However, this did not result in a greater number of

probes, and so the 20 flies are treated together in the results.
In an attempt to remove the influence of the prevailihg level of
locomotor activity altogether, and to avoid an increase in humidity
as the bemperature of the water bath rose, method 2 was adopted,
the temperature stimulus being offered in form of the heated
polystyrene ball described under materials,

In method 2, fliés used were permanently mounted by their dorsal
thoraces onto matchsticks, using beeswax. Whilst not being
tested, flies had access to a 50 mg polystyrene ball which could
be picked up at any time to avoid weakening of the leg muscles,
and associated inability to hold the heated ball., The correct
height of the fly to enable it to just reach the ball but not use
it as a fixed substrate to push against to attempt escape, was

maintained by a plasticene bridge across the storage tube.
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During testing, after the heated ball had had 5 minutes to

reach the required temperature, the matchstick plus fly was held
in one hand. The fly was brought down gently on the top of the
ball, and then lifted up very slightly so that the fly was holding
the ball. Throughout the 90 second recording psriod the observer
altered the angle of the matchstick where necessary so that the
fly's walking remained in the plane at 90° to the axis of the

gold wire connections to the terminals. As soon as contact
between f1y and ball was made a stopwatch was started to give a

constant recording period.

Each fly was offered each different temperature once for K
seconds, and the number of seconds to pass before probing were
recorded. A priming offer of a ball at 37°C was made & hour after
lights—on to counteract any post-dawn refractoriness as observed
by Brady (1973). After this, btesting began at 1 hour after
lights-on, when each fly was offered the ball at 27°C, and the
results noted. Testing continued at 4 hour intervals and with

5°C increments, until all flies had been offered each temperature

© once,

Testing continued from the first day after the third meal unbil
death, This enabled death point, at which flies would have been
physiologically very similar to be used for comparison of

thresholds of flies to different temperatures, and further comparisons
to be made between flies at similar distances from death., It was
considered that comparisons made this way could be more

" meaningful than comparisons made from the time of food intake

forwards.
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8.3, Results

The results of the first method are given as Table 8.4. and
Fig.8.2, and it can be seen that at 27°C, only just above the
ambient temperature, fower flies probed than at the higher
temperatures. For the other tempesratures, on day 1 there were
few flies probing. However, by day 2, many flies were probing
at 3706, and there is a clear difference between the numbers of
probes induced by each temperature. Over the next three days,
the range of response narrouws whilst the humbers probing
increases, so that by day 5, with the exception of 27°G, all

tenperatures were eliciting close to 1003 probing response.

Table 8.4, Percentage of 20 flies probing at different
bemperatures on different days

- Temperature °c Days since last meal
1 2 3 L .5
27 5 5 20 35 35
32 30 5 7B 90 95
37 A5 8 90 g5 - 100
42 ' 25 & NV R 100
47 20 55 g8 95 100

The results of the second method are given as Tables 8.5. and:
8.6, and Figs 8.3. and 8./, Under these experimental conditions
flies did not usually begin to probe until the third or fourth day
after the last blood meal, so that the fourth day before death is
usually the fourth day after the meal.
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Fi1G.82. THE EFFECT OF A RANGE OF TEMPERATURES ON
A GLASS SURFACE ON THE NUMBER OF FLIES
PROBING EACH DAY

Ordinate: Percentage of flies which probed

Temperatures: 4,27°C,0,32°C 4,37°C.,42°C. 0,47 °C.
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80 |
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1 . 2 3 a4 5

days since last fed
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Table 8.5, Percentage of 15 flies probing at each temperaturs
on different days before death

Temperature °C Days bafore deatn
4 3 2 1
27 7 40 67 67
32 13 40 67 130
37 0 40 87 100
L2 o 40 67 100
L7 ; 7 27 60 100

Table 8.5. and Fig.8,3, for percentage response per day show
gimilar trends to those shown by the first method. There is an
increase in responsiveness to all temperatures with starvatioﬁ,
with 27°C eliciting fewest probes and 42°C and 37°C eliciting
the most probes, At an early stage in starvation, on day 4
before death, there is a similar response to all temperatures,
with the range of response widening up to the second day before
death, and then narrowing sharply on the last day before death.

In'ofder to remove the buffering effeét of the many 90 second .

no probe eantrieg from any difference in responsé times at
.different temperatures during the early"days when fewer flies

were responding, mean response times were calculated excluding
flies which had not probed. These are given in Table 8.6,

and Fig. 8.4, and a similar picture of the changes in threshold B
with the approach of death emerges. On the third day before death
few flies probed (4 at 4700 and 6 at the other temperatures)
giving no clear pattern, bubt on the second day before deaﬁh,

wvhen at least 9 flies were probing at each temperature, there

is a wide range of response, with a difference of 15.5 seconds
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FIG.8.3, THE EFFECT OFA RANGE OF TEMPERATURES IN THE FIG.8.4, THE EFFECT OF A RANGE OF TEMPERATURES IN THE
POLYSTYRENE BALL ON THE NUMBER OF FLIES ' ‘ POLYSTYRENE BALL ON THE MEAN LENGTH OF
PROBING EACH DAY ' ST TIME TAKEN TO PROBE EACH DAY

Ordinate: percentage of flies which probed

sy ops o ° .
Temperatures: solid linas—4,37 C-U:l‘” €. Temperatures:4,27°C,s,32°C, 3,37°C. e, 42°C. 0 47°C,
+ broken llnes—% A ,27°C.l ° ,32°C.io ,42°C,
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batysen the fastest and slowest mean times to respond., The -
preferred temperatures are again 37°C and 42°C. By the last
day befors death, there is only a range of 7.5 seconds in
betwean the fastest and slowest mean times to respond. Thus,
during late starvation, temperatures of 47, 32 and 2700, which
were least preferred at an early stags in starvation bscome

inereasingly acceptable,

Table 8,6, ean number of seconds to pass before probing at
different bempsratures on differsnt days + S.E,

Temperature °C Days before death
3 2 1
27 39.4+11.3 24 4t5.6 13.9+2.7
32 26,4+ 7.1 20,2+5.8 11.34¢6.4
37 36.9+13.4 8.9+2,1 6u4+1.5
42 33.5+11.1 9.1+1,6 6.841.2
A7 29.0+ 7,7 23,3+8.2 9.1+3.4

In the second method flies mounted onto matehsticks by beeswax
-and with access to a light polystyrene ball to hold lived a

mean 7./ days. This is considerably longer than similar mature
flies usaed by Brady (1973) which were mounted by Uhu glue, and
had no access to'a ball to hold. 60% of these flies had disd by
the end of day 4. ’

On day 1 before death, minimum mean response times of 6.4

and 6.8 seconds werz recorded from 37°% and 42°%C respectively.
Only ca.7% of the responses at the optimum temperabures
occurred within 2 seconds, whereas Brady (1973) recorded that
¢2.20% of resgponses on day 4 after the meal occurred within
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2 seconds. The greater minimum response time may be explained by
the greater weight of the polystyrene ball at 290 mz, nearly 5
times heavier than the foam rubber ball used by Brady.

Bl . Digcussion

There is a change in temperature acceptance threshold with
starvation which results in a wider range of temperatures
eliciting probing. Those temperatures least preferred early

in starvation apparently show a grezter rate of increase in
acceptability across starvation than optimum temperatures., This
must be explained by some of the flies at optimum temperature
reaching a minimum response time early on in Starvation,rand _
thus those flies would add a constant response time to the means
of times on later days, buffering the decrease in response times
of otner flies in the optimum groups. A% least-preferred
temperatures, slnce minimum response time possible at more
preferred temperatures were only approached on day 1 before death
(and then not closely at 2700), all flies were capable of a daily
decrease in response btime, giving an apparently greater rate of

decrease,

Whilst the btemperature variabtion is the sensory input most ‘
directly epplied to the flles in this experimental situation,
other factors may have influenced the feSponse. Dethier (1954)
detected no effects of odour on probing response, and Hughes (1957)
only recorded an increase in probing when high concentrations of

- yolatile substances were used. However, Mitchell and Reinouts

van Haga-Kelker (1976) showed that flies used to feeding on
rabbits showed an improved feeding response if rabbit odour was ‘
present during a meal fed through an artificlal membrane;system,

so that odour at least acls as an ind;cator of a famillar feeding
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situation to flies. Olfactory inpubs wers nobt controlled, bub
should have been identical at each recording, and since flles were
not fed after recording began, there is no reason to expect that
the seasory input from the human odour present would have altersd

across svarvation.

Probing responsiveness continues to incrsase until the last day

of life, wheresas spontansous locomotor activity reaches a peak
three days befors death (see Chapter 7.), and declines thereafter,
It is unknown if the reduced spontaneous locomobtor activity |
is due to a shortage of nubrient, or a rise in threshold,

In the latter cass, the two acts of flight and probing would be
under Qifferent mechanisms of conbrol, Barbon Brown and Evans
(1960) concluded that in the blowfly feeding_responée and
locomotor activity thresholds were nob controlled by the

samg mechanisn,
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CHAPTER 9

9. RECORDLNG OF OBSERVED SEQUENCES OF BEHAVIOUR TO SHOW ANY
CHANGE ACROSS STARVATION

9-19 ADQarat%

9.101. Acﬁograbh

An actograph the same as the largerof those described in section
3el.1. was ussd. It was housed in a 26,7 cm x 12.1 cm x 10.1 cm
box, with the two narrow side walls of ply-wood painted white,

The base of the box was black ply-wood. The two side walls had a
5 mm groove milled 6 mm from the front, Into this slot was placed
a 25.4 cm x 25,4 cem one-way mirror. The remaining longitudinal
wall was made of clear perspex attached betusen the dexion frams
corners and the side walls, Fixed to the ons~way mirror by

corner atbachments points was a screen of white card to prevent
any oubside visual stimulation. A 2,5 ecm x 10,1 cm aperture was
cut into the front of the screen to allow observation. A 30 cm
diameter kymograph drum covered with white card except for a _

12 mm wide verbtical black stripe was placed so that the drum was
in the centra of the clear perspex back Qall of the chamber; the
“nearest point was 1.3 cm away from the perspex. >Wings of white
card vyere positioned so that except for when the black stripe was
passing, only white would be visible from inside the box. The
vislbiliky of the black stripe from within the box was tested., A
- small hand mirror was held inside the wings and just behind the clear
rear wall, facing towards the one-way mirror at ths front of the
box. Thais established that when the drum was revolving, the
stripe was visible in the one-uay mirror as well as as a real

image,

The roof of the box was of 5 mm opal perspex, which fitied securely

betwsen the one-way mirror and the dexion frame. The box was
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illuminated by a 5 watt lMazda white fluorescent tube athtached to
the dexion frame. The light was operated via a time clock and gave

a light intensity in the box of 1100 1x,

An odour-free air supply was provided. A fish tanlk pﬁmp passed

air through activated charcoal in a 5.1 cm deep x 5.1 cnm diameter
sealed container, A tube from this vessel fed into a 5.1 cm diameter
plastic beaker glued onto a side wall and surrounding a number of

air holes drilled through the wood. ‘

9,1.2, Arena

Y

NN

Fig.9.1. shows the arena used, The volume of this was ca.8%0
litres, some 3,100(X that of the actograph. -~

The base of the arena was made of 1.3 cm chipooard and ths sides
of ply-wood bent round it, The stracture was made rigid by 2

1.3 cm square wooden posts glued to the front oubside of each
wall and planed flat so that the clear 6 mm perspex front could
be screwed in position, thus holding the sides firm. The roof wés
of 6 mm opal perspex overlapping the walls, and was prevented ‘
.from moving by wedges of perspex cemented to the perimeter under

surface.

A circular pattern of air holes covering an area with a dlameter
of 24 cm Ya3 made in the rear curved wall. 4 polythene chamber
wag sealed onto this, and odoar free air was punped into the

chamber as described above.

A cons of white card with a black card floor was supported by the
wooden posts at the front of the arena, so concealing the room from
the fly inside the arena, A4 5 cm x 8 cm aperbure was made to

allow observation.

The entire inside of the arena was covered with nylon netting of

the same grid size as that used to make the acbographs, to imitate
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FIG.9,1, DIAGRAM OF THE ARENA USED FOR GBSERVING SPONTANEOUS

ACTIVITY,
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the surface pattern. The netbting was attached by Durofix glue
to the floor and walls, and by the action of chloro;orm drops to

the perspex roof and front.

The arena was illuminated by 2 40 watt Phillips White fluorescent
lights. These were suspended above the arena at a height that gave
light intensities as measured by a Selenium photocell of 80 1x.

at the bottom, 1200 1x, at half height, and 2800 1x. lmmedlately
beneath the opal psrspex roof.

9.2, ' Glossary of terms used to describe behaviour

The following lists the terms used to denote different forms of
activity. For a full description of the format and duration of the

activities, see Results sections,

Flies would remain immobile for relatively long periods (mean .
all flies in the actograph, day 1, 7 minutes) during which there
was no visible activity. Such periods of rest were intersperéed
with shorter periods (ca. 2 minutes) of intense activity. Such
activity is described as occurring in a 'burstt! (different 'burst!
types described below). The long periods of rest between 'bgrsté'

are described as 'inter-burst gaps!.

" Within a burst no two activities were ever observed to occur
at the same time. Each activity was recorded separately for the
duration it was being performed. A single continuous pérformance
of any act within a burst is described as a 'bout'. A series of
}fligbt boubs! alternating with *rest bouts?!, and less frequently
interspersed with !cleaning bouts' or 'walking bouts! (the
sequence lasting c¢a, 2 minubes), is described as an ‘activity
burst'. Apart from the 'cleaning bouts'! which occurred
infrequently throughout, such 'activity bursts! would frequently
be initiated and ended by avbout of cleaning, called pre-~burst
and post-burst cleaning respectively. During analysis, when
reference is made to the length of an tactivity burst' minus

the length of such cleans, it is described as the lengﬁh»of a

'$runcated activity bursst.
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A series of cleaning motions, not interspersed with ahy form of

locomotion is described as a 'cleaning burst!.

Woere the term 'arousal'"is used in an atbtempt to partially explain
some aspect of itsetse fly behaviour as reported in this thesis, it

is used in Andrew's (1974) responsiveness sense of the word.

9. 3 . . }’I‘chOds

9. 301. Recording

Mature male flies were used throuchout the observations.b The
bebaviours recorded were walking, resting, cleaning, flight and
probing. Gleaning was treated as a single act and was nobt broken
down into constituent parts. Flies were placed in- the acbtograph
or the arena shortly after thsir third meal. Recording was begun
the following morning, and continued for 5 days, or until the level
of activity had declined as a prelude to death., The actograph

‘and arena used are described above (Apparatus).

A papsr tape punch for 8-track tape was used to make a binary
record of the behaviour, Early records were made via a toggle'switch
interface which required that each toggle‘had to be switched off
and a new channel opened when behaviour changed. Later records

wére made via a pusa button interface whereby the depression of

one button aubtomatically cancelled the previous depression,.

except in the case of one master switch which, when opened, added .
.a further row of punch holes to the ongoing line. ZXach behaviour
was allocated a code hole, whilst other information'such as total
time, or presence of the blacxk stripe used for visual stimulation;
was recorded by use of the master suitch., The paper tape was set

to emerge at 3 holes per second, so that rapid changes in behaviour
could be recorded. During all recordings, the tape punch was

housed in a separate room from that in which the observations were

made, in order to minimise any auditory or vibrationary input.
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Each morning, the paper tape punch was set into action shortly
before the lights were due %o switch on. Recordings of
spontaneous activity in the actograph or in the arena were begun
at lights-on, and continued for 1% hours, This would have
recorded at least 40% of that day's flight activity (Brady and
Crump, 1978). Recordings from the actograph, when spontaneous
bursts of activity were alternated with stimulated bursts, were
begun at lights-on, and continued until the required number of
bursts had been recorded, (see below). ’

For recording of spontaneous activity in both the actograph and
the arena, care was taken that virtually constant environmental

condibtions were mainbained throughout tae recording period.

For recording of spontaneous bursts alternated with stimulated

burgts of activity, the first two spontaneous activity bursts

of the day were recorded undisturbed as usual, Preliminary .

analysis of the length of gaps within bursts from the spontaneous
ackbivity recordings hadAshown them to be less than 10 seconds

in length., During the second spontaneousvburst, as soon as 1J seconds
had passed with no activity, and the second burst of the day

had thus ended, the kymograph drum was switched on., The kymograph’
was alvays stopped with the black stripe just about to become
visible, and so the stripe usually became visible vwithin 1-2

seconds of restarting the kymograph..

The apparent angular velocity of the stripe from the centre of the
actograph was lA.B?/second, with an angular widik of 26.7 cm.

The stripe was visible for ga. 7 seconds, each complete revolution
lasting 17 seconds., Preliminaf& testing had shoun that at least
early in the hunger cycle, six passages of the stripe across the
field of vision were often enough to induce habituation (i.e. for
the flies to have ceased to respond). In a previous investigation
of tsetse visual responsiveness, Brady (1972b) had found the
majority of flights, in response to a stripe moving at an angular
velociby of 13.50/second to oceur within the first 12 %traverses

of the stripe and within 60 seconds.
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As soon as the black stripe was visible to ths observer, the
master switch on the interface to the paper tape punch was pressed
and was left down until the stripe had just disappeared for the
6th time, In this way, 6 periods of stripe visible, and 5 of..
stripe invisible were recorded, -lasting 93 seconds in total. The
time of the last disappearance of the stripe was noted. The

third spontaneous activity burst was then waited for, and recorded

as usual.

The presentation of the stripe within a few seconds of the second
burst of spontaneous activity ending meant that the stimulus had
been offered very close to a period of high probability of a
spontaneous burst occurring. In an attempt to give the visual
stimulation at a time of low probability of a spontaneous activity
burst occurring, the interval bebtween the last stripe of the
stimulation after the second spontancous burst and the first act
of the third spontaneous burst was noted. The third spontaneous
activity bufst was allowed to end naturally, and the time of ending
was noted. 4rd of the interval time noted above was then allowed
to elapse, so that a time of minimum probability of an activity
burst should have been reached, The visual stimulus was then

offered again, as described above. .

Fig.9.2; illustrates a typical sequence of spontaheous bursts
alternated with stimulated bursts. - | |

At the end of each recording session, the tape was clearly
marked with experiment number, fly number and day, and stored

pending analysis.

—

9.3.2, Analysis of the paper tape

Analysis of spontaneous activity in the actograph and the arena,
was as follows. Programmes written by A.R. Ludlow were used to

condense the raw tape data into a series of code letters indicating
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FIG,9,2, SEQUENCE OF SPONTANEOUS BURSTS OF ACTIVITY ALTERNATED WITH PERIODS OF

| VISUAL STIMULATION
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the behaviour, each with its respective length in seconds. This

list was printed out and stored for further analysis.

The sequence‘of different activities was then divided into Bursts
of activity., 20 seconds was used as the length of rest to be
exceeded to qualify as an inter-burst gap. This length left a
safety margin outside the usual within-burst gap of under 10
seconds, so that there was no danger of analysinig. - the data into
voo many bursts, with within~burst short gaps incorrectly labelled
as between-burst gaps. By contrast, between-burst gaps were
typically much longer than 20 seéonds, so that there was no danger
of a betwesn-burst gap being '‘missed'. The programme then

printed out a table of the number of bursts, the frequency and
duration of the behaviours constituting them, and the inter-burst
gap length, A programme written by the author worked out the mean
bout length for each activity in each burst (see Appendix II).
For analysis of spontaneous bursts of activity alternated with
stimmlated bursts, the programme by A.R. Ludlow was used to
condense the data as before except with double the number of codes,
since each behaviour now occurred in two different situations:
spontaneous, or during visual stimulation, Further analysis was

by a programme written by the author, as follous.

The data were analysed into activity bursts, again using 20
seconds as the gap to be exceeded to indicate an inter-burst

gap. Bursts and gaps which occurred spontaneously were
distinguished from any time when the black stripe was present,
Any acts occurring within the period of stimulation were further
“segregated into those which occurred whilst the stripe was
visible, with the numbers and lengths of each behaviour in each
burst stored in a two-dimensional array; and those which occurred
when the stripe was invisible, stored in a further two-dimensional
array. This analysis into activity bursts under the 3 different
circumstances was printed out. Where activity continued after
visual stimulation had ceased, without a gap of longer than 20

seconds, a new burst of spontaneous activity was registered, since
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the extra punch hole lins indieatinz visual stimulation was no
longer present. The very short inter-burst gap of one or two seconds
introduced the activity which followed as being post-visual
stimuiation, i.e. not a sepirate unstimulated burst of spontaneous
activity which would have rsquired a gap of greater than 20

seconds. Recording in tais wa& gave a messure of theblength of

time, after visual stimulation had ceased, for which the fly
remained active. Appendix II shows the program written by the author
to analyses ths spontaneous/stimulated data after preliminary reading
of the paper tape. In addition to analysis into bursts, the '
program workad out the mean length of each activity bout in each
burst in the same way as these measures were calculated for tapes

of spontaneous activiby.

YN : Presentation of Results

With the appreciation that drive concepts are of limited usefulness
(Hinde, 1970) the value of tracing the trends of differant acts
separately to aid evaluatio; of associations betweeﬁ those acté
has been realised. Data such as these presented here will be
non-stationary, i.e.,;the probabilistic structure of the system
will change in time both across the 1 hours as part of the
circadian rhythm changes recorded by Brady, (1972a), and across
‘starvation (Brady, 1975). The rates of change will vary between
flies and thus the balance between differsnt behaviours across
starvation will alter at different rates in different flises,
Amalgamation of data from different fliesAto'examine changes
across starvation would thus obscure any underlying relationships.
The data from eich fly are therzfore presented separately for
examination of the balance betueen acts across starvation. For
comparison of gross trends, such as the differences between

behaviour in the actograph or arena, means from all flies are

used as usual,
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9.5. Results and discussion of Spontaneous Activity in the Actograph

9.5.,1, Log survivor functions

During analysis of sequences of behavioural events, the log number
of events whose duration exceeded various increments across the
range of length exhibited, plotted against the length increments,
gives a log survivor function. This has been used by Slater to
split behaviour into bouts and gaps, e.g. with the preening behaviour
of Zebra finches (Slater, 197/a), and with the feeding patterns of
Zebra finches (Slater, 1974b). The slope of the plot is
proportional to the probability of an event with the passage of
time since the last event, Fig 9.3. shows the log survivor
functions for all gaps or periods of rest (i.e. inter-burst gaps,
and within-burst rest bouts) for a number of different flies. The
point at which there is a sudden reduction in the probability of

a gap of that length occurring can be used to differentiate batueen
gaps occurring within a burgt, and thosé oceurring between bursts.
Fig.9.3. shows that the transition point from intra-burst to

inter—burst gaps occurs close to 10 seconds.

The survivor functions also show that the slope is not constant beyond
the transition point, as would be expected if the gap lengbhs were
randomly distributed and there was an equal probability of any gap
length occurring, Where there is an increase in slope (e.g. betuween
500 and 600 seconds for Fly 3 day 1, and 300-400 seconds for Fly 3
day 5), then the probability'of a gap continuing is decreased and
there is thus an increased probability of a new burst of activity
at that point in time. Gap lengths cluster around the time length
just prior to the change in slope, and this length is shorter on

day 5 than on day 1l for fly 3, i.e. it decreases with an inerease

in number of bursts. Brady (1972a; 1975) had shoun that flight
burst length measured in actographs remained constant across
starvation, and that the change in activity level was achieved by
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FIG.93, LOG SURVIVOR FUNCTIONS FOR GAPS.
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modulation of the psriods of inactivity. Fig.9.8. (triangles)
shows the pattern of change of mean inter~burst gap length
across successive days of starvation, e.g. Fly 3 shous a
decrease in inter-burst gap length from ca. 370 seconds on

day 1 to ca. 210 seconds on day 4«

9.5.2., Activity Bursts

Typically an activity burst would consist of 20-33 bouts of
flight of mean length ca. 2 ssconds alternating with bouts of
rest (during which no activity was visible) of mean length

c2.2 seconds infrequently interspersed with bouts of walk of
ca. 1 second and bouts of clean varying between 2-10 seconds

in length. The mean length of bouts of individual behaviburs
each day is shown in Fig.9.5. and Fig.9.8, Pre-burst and post-
burst cleans gave mean lengths varying betueen 5 and & seconds,
i.e. they tended to be longer than within-burst bouts of clean, .
The recording taken of a typical activity burst is shown in
Fig.9.4e.

' The.hean lengths of activity bursts each day are shown in Fig.9.6.
Two different measures of length are given. The complete
activity burst length, i.e. that including any pre-burst and
.post-burst cleaning.iS'given and its mean for all flies was 133
seconds. The truncated length, i.e. excluding pre-burst and
post-burst cleans, is also given. This is the length that
would be measured if movement of an actograph due to flight

was used to monitor the length. The mean of this for all flies
was 110 seconds. This is more than double the mean length of
flight burst of 45 seconds given by Brady (1972a) and the mean
length of 47 seconds given in this thesis (Table 3.1.). Both
the shorter means were recorded in actographs, the latter in

identical ones to that used for these observations.



Fig.9.4. Typical Activity Burst
#* Fly 3 Activity Burst Number 11 Day 2,
Key: A Clean. B Walk. D Flight. E Rest.
732,78 13D | J7E | 2.0D| 3.08 | 2.3D | 2.38 | .
1.0E 3B 1.0E 3B 1.0E | -3.7D | 5.3E | 1.7A
T8 3.3D L2 1 10D} 2,7 { 1.7D | 2,78 | 1.0D
1.0E 1,38 | 2.7 | 1.0 | 1.0D | 1.7E | 1.3D i
1.3D 2.3 | 1.7D | 2,0E | 2,0D | 4.0E | 1.0D 3B
-1.7D 3.0E | 8,04 JE | 2,0D | 3,08 | 2,0D .3E
1.0D B 7B |1 2,0E | 1,3D | 2,3E .7D | 1.0E
1.0D 2,08 | 1,7D | 2,38 | 1.0D | 1,3E 3B | LB
1.0D ,38 | 1.0D | 1.0E | 2,0D | 9.0E | 1.3D | 3.0E
 13.0A | 1102,0E
Analysig of Activity Burst
Burst Bouts of " Bouts of Boutg of Bouts of Length Gap
Number Cleaning Walking Flight » Resting .
Length | Number Length‘ Number Length Number || Length| Number
22,7 3 2.7 A 45.7 | 29 || 66.3 34 | 137.3 1102,0

11
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Intra-burst bouts of clean were so short (see above) that any
break in actograph rocking would not be long enough to be
identified as an inter-burst gap on the Edgecumbe Peebles paper
‘output from the actographs. The difference between lengthfbf
activity bursts must reflect both the latency between the onset of
flight and the rocking of the actograph (the box rocked due to a
landing and rest rather than to flight itself) and the.recording
lost due to the fly remaining at ons end either immediatély befors

the end of a burst, or at the very beginning.

9,5.3. Cleaning activity

The second type of burst consisted only of cleaning wiﬁh no
loconmotion. Fig.9;6. shows the mean lengths exhibited rangaf from.
35 = 330 seconds. The lack of locomotion may indicate that a
cleaning burst had differsnt causal factors than an activity

burst.

For recording on tape, only the presence or absence of clean was
noted, but notes were made of the areas cleaned, There were |
three- types of cleaning burst. In 'front cleans', the forelegs
were used to groom the mesothorax, prothorax and proboscis,

and to rub against each other. In 'rear cleans' the hind legs
‘were used to clean the wings and abdomen. The third type exhibited
~ both front and rear cleans, with time equally divided betueen

the two, and the trangition alwafs being from front to rear,

never in reverse. Dawkins and Dawkins (1976), in a study of
grobming in blowflies, found that the commonest transitions between
differsnt acts of grooming occurred bebween acts with the

fewest differences in parts of the body involved., They placed

this phenomenon under the rubric of 'postural facilitationt'.
However, this cannot explain the observed one~way transition

here, since flies could go into rest directly from both types of
clean, and go into both types of clean directly from rest. In
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addition, there must be as many differences front to rear clean as
rear to front, so that transition one way should be as ‘expensive!
in terms of posture changes as transition the other way. Insggid,
it might be agsumed that rear cleaning was so effective at raising
the threshold to clean that it was never followed by froant clean, or
that at lowest thresholds froat clean was always favoured which
then left the option of a rear clean once the threshold had

risen a little. Alternatively, it is possible that the transition
rear to front clean was not a possible route on the nervous network,
In this case, the 'decision', (as used by Dawkins and Dawkins, -
1973) to go into rear cleaning is the end of that sequence of
decisions, with possible filtering out of any cleaning stimuli . :
subsequent to a rear clean. By contrast, the decision to go into

a front clean is followed by a further decision to stop cleaning,

or to go into rear clean.

The short hurried bouts of clean which occurred within activity
bursts,4and pre- and post-burst cleans were always front cleans,

and this may be explained by postural facilitation if for take

off the rear legs mugst be in contact with the substrate, as they

are in front cleans. It is not possible to say from the data whether
these cleans are displacement acts, disinhibited due to some
frusfratidn of the flight tendency, or whether they occur as part

bf a chained sequence of different events, i.e. due to an increase

in irritation resulting from flight in a confined space.

There are thus three different'contexts of cleaning: éomplgte
cleaning bursts isolated from locomotion; pre-burst and post—burst
cleans being interrupted by, or ending activity bursts; and hurried
short bouts of clean always of the front, which occurred within the

activity burst.
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9.5/, Preliminary examination of the bulance batusen aebivity
and cleanine bursts across starvation

The data were examined for change in performance of cleanihg and
activity bursts across starvation. Fig.9.7. shous that the number

of activity bursts was at a low level on day 1, rising to a clear

peak in 1 fly on day 2, 1 fly each on days 3 and 4, and 2 flies

on day\S. Flies 1 and 6 did not show a clear trend. Previous

published work (Brady, 1975) had shoun the mean number of daily .

flight bursts (as recorded by an Edgecumbe Peebles recorder), from a
large number of mature flies to increase up to day 5. The number of
cleaning bursts did not show such a clear trend. Ohly in fly 2 was there

a steady increase in numbers across starvation,

In fly 2, numbers of cleaning and numbers of activity bursts both
reach a peak on day 5. In flies 3 and 7 the numbers of cleaning
bursts reached a peak after the peak of activity bursts and in fly
/ before the peak of activity bursts. The performance of each burst
type does not always appear to be independent, e.g._in’fly‘i‘the '
increase in the number of cleans on day 3‘appears to be at the expense
of the number of activity bursts, in fly 3, the number of cleans is
suppressed on days 2, 3 and 4 whilst activity bursts increase and
only increases agaln once the number of activity bursts begins to
decline. Again, fly 6 shows opposite trends for the two burst, types
on days 3 and 5,

The performance of one burst may influeﬂée the performance of the
other via competition for 'performance time', when this quantity is
determined before allocation of it to the different acts. Different
burst types may also appear to influence each other where conditions
favouring the performance of one do not favour performance of the -
other. Such a condition might be the level of arousal, if the
probability of different responses occurring varied with changes
from 'sleep! to 'wakefulness'! in an ‘activity cycle', with short
term fluctuations in probability reflecting these changes

(Andrew 1974). Such a cycle may perhaps be extended to account

for the long term changes in different responses observed across
dsys of starvation. However, steady progress through such a cycle.
would be expected to yield two approximately straight lines of
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FIG.9,7. THE DISTRIBUTION OF CLEANING AND ACTIVITY BURSTS

ACROSS STARVATION

Ordinates: number, abscissae:days

Bursts: o, cleaning 4,activity

14 fly 1 ) . flya

14p




~-122-

F1G, 9,7, Cont9,

161 fly 5 tiy 7

fly 6




123~

increase in performance until arousal was too high.to favour one

burst type. Whilst there is general increase in numbers of both

burst types across the initial stages of starvation, the increase

in performance of one burst at the apparent expense of the other

indicates that competition is also an influencing factor.

However, this apparent tendency for bursts of one type to
influence the other in some flies is complicated by a further -

factor. In all flies there is at least one pair of days between ‘

which bota the number of cleaning bursts and the number of
activity bursts increase, e.g. fly 3, days 4 and 5, fly 6 days 1
and 4, fly 2 all days. Thus whilst for these dayé\the'percentage
increase of one may not match that of the other, they are

" nonetheless increasing together. The number of joint increase
points outweighs the impact of the days of opposite trends, so
that a regression of data from all flies betueen the percentage
of the total number of activity or cleaning bursts to occur
each day, gave 2 = 0.11, b = 0,76, with p< 0.05, i.e. a
positive association. The data are examined for any influence
of performance of one burst type on performance of the other
in later sections (9.5.9. and 9.5.10.).

The length of activity bursts and cleaning bursts is shown in
Fig.9.6. The length of activity bursts do not remain exactly
"the same, but vary from day to day; Some of the variation is
due to differences in the amount of pre-burst and post-burst

cleaning (shown as the discrepancy between truncated and complete

“burst lenzths, and in Fig.9.8.), rather than a difference in
activity burst length. Houwever, the truncated lengths do vary
and in some, significantly, e.g. t tests on the increase in
truncated lengths between days 1 and 5 fly 6 and.days 1 and 4
fly 7 gave P< 0.0l.

o
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FIG, 9.8. MEAN LENGTHS OF PRE- ANP POST-BURST CLEANS AND INTER-
BURST GAPS )
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In flies 1, 3, 5, 6 and 7 there appears to be a trend to increase
truncated activity burst lengbh across starvation with a peak
being reached after numbers of activity bursts have begun to decline
in flies 3, 5 and 7. In flies 2 and 4 there is a steady decline
in truncated activity burst lenzbth after day 2 whereas in both
these flies the number of activity bursts increases until at
least day 5. Thus there appear to be two different strategies

in response to increasing starvation. In one {flies 2 and 4)
part of the increase in numbers of activity bursts is offset by a
decrease in length across starvation. In the other,, increased
burst lengths augment the increase in burst number and
offset some of the activity lost when the numbers decrease until
the burst length also declines. This was particularly anexpected
since it would imply that proline is still plentifﬁl enough to '
allow a further increase in flight burst length, so that proline
shortage is less likely to be a causal agent for the reduction

in activity burst numbers.

The mean length of cleaning burét in 211 flies except.fly 7'shows
an increase from the initial short lengtia to peak in the middle
of starvation and then decline. A comparison of Figs. 9.6. and
9.7. shows that with the exception of flieg 7 and 4, the lengtn
-of the cleaning bursts is inversely proportional to the number

of cleaning bursts.

In a test of this relationship, using data from all flies, the
nurber. of éleaning bursts as a percentage of all bursts that

day (to compensate for variation in the number of bursts
performed by each fly) was used. For the length, the length

of each burst as a proportion of the mean length of cleaning
burst for each fly (to compensate for variation in the length

of burst performed by each fly) was used. The regression between
these gave r = 0.08, b = -0.24, with § = 2.61 and p< 0,02,
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Thers is thus a significant negative regression between length
and number of cleaning bursts. Such a reduction of burst length
with an increase in arousal has been shown many times, e.g.

- Hinde (1958b) showed that the closer domesticated canaries

were to egg laying, the more complete sequences they performed,

and the sinorter bout lengths they displayed.

The combined influences of change in burst number and length
result in all flies (except number 4) reaching a peak of total
performance of locomotor activity on day 4. By contrast,

maximum performance of clean occurred on day 1 in 1 fly,

day 2 in 2, day 3 in 3 and day 4 in 1, i.e. predominantly .aarlier.
This is shown in Fig.9.9.b. '

9.5.5. Examination of lengths of bouts of different behaVLour,
and of the transitions betysen boubs.

Within bursts mean bout lenghias of individual behaviours follow :
different trends as shown in Fig.9.5. The mean length of

flight bouts is relatively constant; except for fly 4 which
showed a steady decrease from 3 te 1 second lengbh after the _
peak in numbers of activity bursts on day 2, Rest bouts within
bursts also remain relatively constant. The length of walking
boubs in flies 1, 2, 5 and 6 shows some increase in length to
peak on the last day before death. Flies 3, 4 and 7 remain more
constant., Cleaning bouts within bursts were highly'variable,
with fly 1 showing an oppositektrend to the steady decrease in
length of flies 2 and 4; whilst flies 3, 5, 6 and 7 showed a
decrease followed by an increase, and in flies 5 and 6 a further

fluctuation,

Within activity bursts the greatest number of transitions vere
from flight to rest to flight. Within-burst cleaning bouts were
also always preceded and followed by rest, However, bouts of walk
showed a strong tendency to precede flight rather than to follow it.
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The data from all flies combined gave 197 walk bouts, 163
immediately followed by 2 flight bout, and 34 immediately
preceded by one. This last type of walk bout was followed by

rest.

9.5,6. Performance of individual bout types — distribution
across starvation, and proportion of daily activity
occupied by each type

Fig.9.9.a shows the percentage of the total time active each day
occupied by each act and Fig.9.9.b shows the percentage of each acts
total performance across starvation which was performed on each

day. Fig.9.9.a shows that the majdrity of time spent active wag
occupied by flight and cleaning, The proportiions occu;i.ed are
mirror images of each other, influenced only a little by the level
of walking.

Walking, in spite of an increase in the performance of flight and
cleaning, increases the proportion of time active it occuples
across starvation in flies 6, 3, 5 and 7, but especially after the
performance of clean and flight have begun to decline. This.
increase in walking late in starvation may reflect a 'frustration'
of the tendency to increase flight due to a shortage of.proliné.
Alternatively, walking may be associated with higher arousal levels
than flight and thus occur at a later stage in starvation, This

is feasible because walking is the last act after alighting on a
host and before the stlmulus of the blood meal.

Whilst in a system predominated by 2 active behaviours, the
proportions occupied by flight and clean were bound to mirror
each other, the extent of the divergences, e.g. in flies 2 and 6
indicated that the proportions were not oscillating around some
steady balance between the two, but that a large increase in the
performance of one was detrimental to the performance of the other

(as indicated for numbers of bursts in 9.5.4.). Fig.9.9.b indicates
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again that (for flies 1, 2, 5, 6 and 7), performance of flight or
clean lowers the probability of performance of the other act for

at least one day across starvation.

9.5.7. Sunmary of results from sections 9.5.1 = 9.5,6.

(1) Log survivor functions of gap length showed that the
transition from intra-burst rest bouts to inter-burst gaps
occurred at ca. 10 seconds. g

(2) The length of cleaning bursts is.inversely proportiocnal to
the number of cleaning bursts. A |

(3) Cleaning occurred in 3 different contexts.

(4) There appears to be competition between activity and
cleaning bursts for 'performance time! at some times across

- starvation.

(5) Activity burst mean length was twice that shown in two sets
of data from actograph recordings. , ‘

(6) Walking bouts increased in mean length, and walking increased
the proportion of total time active it occupied, with starvation.

(7) Transitions walk to flight bouts were much more common than.
flight %o walk bouts.

(8) The total performance of cleaning reached a peak in most

' flies before the total performnce of fiight. |

92.5.8. Further analysis, and gqualification of bursts for inclusion
The data from all flies were combined and the results analysed to

show if cleaning and activity bursts had an equal effect on the
probability of a new activity burst beginning and continuing.
Possible relationships between length and proximity of preceding
and following activity bursts and the length and time of

occurrence of the burst type under investigation were examined.
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To make a valid comparison between effects of cleaning and
activity bursts, the following procedure was followed. Activity
bursts with no pre- and post-burst clean of length greater than
10 seconds (bouts of clean up to this length could be accepted as
intra-burst cleaning bouts, see Fig.9.5.) qualified as preceding,
middle, and following activity bursts. Individual cleaning bursts
were accepted if their preceding and following activity bursts
qualified as above. Thus a number of series of activity/aetivitm/
activity bursts and activity/cleaning/activity bursts were obtaired,
whare the overall effect of the middle bursts used would be

elther that of a cleaning burgt or of a burst of locomotor
activity, with any compound activity burst types excludéd;' Data
from the 7 flieg yielded 48 cleaning bursts and 70 flight

bursts which fulfilled these requirements. The sequences are

illustrated in Fig.9.10.

9.5.9. Comparison of the lengths of preceding and follow1ng,bursts
and intervals, for each middle burst typs A

The length of all actLVLty bursts preceding cleaning or activity
bursts were compared. Since there were more than 30 exampleg of
each burst type, the method described by Bailey (1959) for large
samples is used, The results are summarised in Table 9.1.

Table 9.1. Mean lengths (seconds) of activity bursts preceding

or following the two middle burst types
| Activity burst precedingl Activity burgt following

Q;eaning.burst 127 127
Activity burst 116 127
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The difference between the means of 127 seconds before a

cleaning burst, and 116 seconds before an activity burst, was

0.9 standard deviations from zero, with an associated p > 0,36.
The mean length of activity bursts following cleaning burste

was 126.6 seconds, and following activity bursts was 126.5 seconds.
There is thus no significant difference between lengths of
activity bursts preceding or following bursts of activity or

cleaning,

The time from the end of thé preceding activity burst to the beginning
of the following activity burst, including the length of

the middle burst is hereafter called the interval, (see Fig.9.10.).

A comparison was made of the length of such an interval

surrounding each middle burst type. The difference between the

mean length of intervals around cleaning of 642.8 seconds and

the mean of intervals around activity bursts of 924.1 seconds

was more than 3.50 standard deviations from zero, with a p< 0.00L.
There is thus a strongly significant difference between the

 lengths of interval around each type of burst.

Since there is no significant difference between the lengths

of activity burst preceding and following clean or activity burats,
the difference in interval length can be partly attributed to the
~different effects of clean and activity bursts. Since cleaning
‘bursts have shorter intervais, it can be assumed that they have

not raised the threshold to locomotor activity so far as an activity
burst would have done. However, had the cleaning burst had no
effect at all on the threshold, an interval similar to that of a
simple activity/activity burst series could be expected, i.e. '
about half the activity/activity/activity'series,.gg. L60 seconds.
The 640 second cleaning interval exceeds this by ca. 40%.

Cleaning therefore exerts some influsncz on the locomotor threshold,

but less than an activity burst itself.

»
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9.5.10. Division of middle bursts into ranks accordine to the
position of their occurrence in the interval

In order to assess further any interaction between different

types of burst, it was noted how near in time each type of

middle burst occurred to its preceding and following activity
bursts. The mean gap length between bursts changes with
starvation, and varies between flies (see Fig.9.8. above,), so

that use of the actual times involved would necessitate separate
treatment of each day to each fly, since each fly did not
contribute equal numberg of each type of burst to each rank on each
day. To compensate for this, the length of the interval (as
defined above) was calculated for each middle burst, The interval
was then divided into five equal portioms, and each porti;n
assigned a number (from 1 to 5). Each middle burst was thus

placed in its interval according to which portion its centre
occurred in. The number of the portion was then used as a rank to
measure the proximity to the preceding and following bursts,

(The centre of the middle burst was used to yield the rank to reduce
any bias resulting from the different lengths of bursts, since
longer burgts would have spanned a greater number of consecutive

time ranks),

The distribution of interval lengths for cleaning and activity bursts
of different rank is shown in Table 9.2. For cleaning, there '
is a consistent increase in the mean interval length from the early

Table 9.2. Mean interval lengths for each burst type + S.E,
(For nos. see Table 9.3.) ”

éurst type Rank

1 2 3 b - 5
Clean 541 + 50 625 124 616 +101 698 + 67 752 +78
Activity 926 +166 842 + 91 1055 #152 944 #126 274 *25
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bursts to those which occurred later. (a test between ranks 1 and
5 gave t = 2.35 at df = 18, p< 0.05,). The effect of this
increase will be to exaggerate slightly the closeness in real
time of rank 1's to ths preceding burst,. and in contrast to
decrease slightly the closeness in real time of rank 5 bursts to
the following burst. Nevertheless, the ranking retains at least
an ordinal meaning. Rank 5's would have occurred on average
between 601 and 752 seconds of interval, and rank 1's on‘averaga
between O and 108 seconds of interval. The increase in interval
-length from rank 3 bursts to ranzs 4 and 5, could perhaps be
explained if there was a minimum length of rest needed after a
cleaning burst to lower the threshold to locomotor activity
enough for an activity burst to be initiated. "

For flight bursts, there is no obvious trend to increase interval
length with rank, The length at rank 5 cannot be viewed with
confidence due to the small number of records (2), and is

ignored in any further calculations.

Tgble 9.3. shows the number of clean or activity bursts which
occurred at each rank. ﬁ')tl for the number of cleans = 1,00, (at
4Laf, p > 0.90). For activity bursts , x> = 4R, for which
p< 0,001, |

Table 9.3.  Observed number of bursts at each rank
Rank 1] 2| 3| 4]
Clean 11 7 9 8 9
Activity 5 | 28 26 9 | 2

N
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There is thus a closely similar number of bursts in each rank for
cleans, indicating a constant random probability that cleans

would occur in each rank, and that the proximity of an activity
burst has no influence on the threshold to initiation of cleaning
bursts. Activity bursts were significantly unevenly distributed
howsver, with a high probability that more bursts occur in ranks

2 and 3, than in 1, 4 or 5. This indicates that there is a fixed
length of time needed after a middle activity burst for the threshold
to locomotion to fall to a level where a new burst can be

initiated.

9.5¢11. Comparison of length of middle bursts at each rank

Table 9./4. shows the mean length of each burst type in the
different ranks. ’

Table 9.4. Mean length of each burst tvpe per rank + S.E.

Burst Type : Rank

B 2 3 4 5
Clean 46.8 13 88.9 #28 140.6 +29 151,9 28 87,1 +21
Activity | 129.8 +25 105.9 +12  111.2 +11  139.9 +19 /56 1247

With bursts of cleaning, there is a,sﬁeady increase in length with
increase in distance from the precedihg-flight burst until rank
/, is reached. Rank 5 length shows a reversal in this trend, and

a return to a mean lengbh typical of rank 2. The difference
between length of ranks 1 and 3 gave t = 3.15 at 18df, p< 0.0l.
Ranks 1 and 2 and 1 and 5 gave P> 0.1, Thus there is a tendency
for cleaning bursts to be longer when they are relatively further
from flight.

Table 9.3. shows that for cleaning bursts there is an equal
probability that cleaning would occur in any rank, whilst Table 9.4.
shows that the lengths differed with rank number. This would
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indicate that the tendency of a cleaning burst to occur at any
time, and the tendency for a burst to continue once begun are not

under the same controlling mechanism,

That cleans furthest from activity bursts either side were longest,
can perhaps be explained in terms of the level of arousal most
sulbable for cleaning beins the level ieast suitable for locomotor
activity, i.e. a short term ‘activity cycle' (see 9.5.4.) is in
operation. Fentress (1968a and b), showed that in two species of
vole there was a level of arousal which was optimum for cleaning.»
Rowell (1971b), in a study of antennal cleaning in the locust,
found that the occurrence of cleaning was associated with a

fall in the DCMD (a visual internsurone) responsiveness,_and'

he suggested that there are some responses whose occurrence is
promoted by low arousal., The results given here for cieaning

in tsetse flies also indicate that the level of arousal at tiﬁes
furthest away from activity bursts is optimum for continuing

performance of cleaning,

Table 9.4. showed that for activity bursts there is no obvious

' change in length of burst with rank number since the difference
between any pair of means gave p >0.1, However, Table 9.3.

shows that there was a much greater probability that an act@vity'
burst would occur at ranks 2 and 3 than 1, 4 or 5. Thus, for
locomotor activity also, it appears that the tendency for a burst
to occur in any rank, and the tendency to continue once begun, are

not under the same controlling mechanism.

. 9.5,12. Comoarison of length of activity bursts preceding and
followinz middle bursts of different rank

The lengths of preceding and following activity bursts were examined
for any differences due to the rank, i.e. the proximity of each

type of middle burst. The results are shown in Table 9.5.



Table 9.5. Mean length (seconds) of activity bursts preceding or following bursts of cleaning

or activity, + S,E.

Burst type Activity bursts preceding Activity bursts following

1 2 -3 4 5 Interval 1 2 3 A 5
. ’ rank
Cleaning 127 142 | 149 111 109 112 125 142 128 131

+1.7 +20 +28 +19 +19 +14 +10 +16 +20 +16

'Activity. 98 100 123 153 [%40} 200 125 125 99 (116~

+30 +9 +16 +17 +88 6 *17 +10 +16 | 210

-6£1-



~I40~

For bursts of clzaning, both preceding and folloving activity
bursts wers shortest when adjacent to cleans of ranks 1 and 5,
and lohgest adjacent to cleans of rank 3. However, the |
differences between any pair of means gave a p> 0.1, so that it
appears that the proximity of a cleaning burst had no significant
influence on the length of adjacent activity bursts. Indeed,

it would be difficult to envisage a mechanism which would

render both activity bursts closelj preceded by rank 5 cleans

and those followed at a great distance by rank 5 cleans, shorter

than those pr:ceded or followed by rank 3 cleans.

By contrast, with middle activity bursts, the mean length of

the preceding burst wis greater when ths middle burst  occurred
furthest away, i.e. at rank 4, and shortest when the middle
burst occurred closely at rank 1. A 1 test between the means

at ranks 2 and 4 gave t = 2,75, at 35 4f with p< 0.01. Other
pairs gave p> 0.,1. For follouing activiﬁy bursts, again, bursts
furthest away from middle activity bursts (at rank 1) were
longest at 200 seconds, and those nearest a middle burst (at
rank 4) wers shortest at 99 seconds. The difference betwsen
means after ranks 1 and 4 gave § = 2,56 at 12 df with p< 0.05.
The difference betwsen means 1 and 2 gave t = 1.73, at 314f and
p> 0.05. Thus it appears that whilst the length of middle
activity bursts was not influenced‘by the proximity of
surrounding bursts, (see table 9.4. above), the length of following
and preceding bursts of activity decreased with an increase in

proximity of the middle burst.

Houever, clearly activity bursts which were the middle burst

of one trio become the preceding ones in the next (unless

there is an intervening cleaning burst), so that the

differsnt findings are an anomaly. Perhaps it should be noted
however, that the results from preceding and following bursts
involve twice the nuaber of entries to the middle burst samplss,
and so perhaps these should be viewed with greater confidence.
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To examine the apparent relationship between‘length of
preceding and following bursts and rank of middle burst further,
linear regression analysis was used on both preceding and
following burst lengths, with both rank {as percentage of
interval to pass before the centre of the middle burst was
reached), and length in seconds before the centre was reached,
this gave a p > 0.3 in all cases. For following activity“bdrsts
a partial regression between length of following burst and
proximity of preceding to eliminate the influsnce of the length
of the precgding still gave P >0,1, Thus there is no simple
relationship between lengths of consecutive activity bursts.
However the significant difference between lengths of

activity burst following middle activity bursts occurring at the
two most different ranks, i.e. 1 and 4, indicates that in a
sequence of three activity bursts in a row, there is an
accumulated rise in the threshold to locomotor activity,
resulting in shorter bursts. However, in addition, tae small
number of activity bursts at ranks 1 and 4 indicates that there
is a reduced probability of a burst occurring at all during the
period of higher threshold,

9.5.13., Summary of results from sections 9.5.8. - 9.5.12,

(1) Middle cleaning and activity bursts have highly
significantly different interval lengths. Cleaning does
not have as much effect as‘locomotor activity on the threshold
to locomotion. However, from the preponderence of activity
bursts at ranks 2 and 3, there appears to be a fixed
period necessary after an activity burst before a further
activity burst can be initiated. Tne proximity of
adjacent activity bursts appears to have no influence
on the length of middle activity bursts.

(2) It is indicated that there is a minimum length of time. A
needed after a clean for an activity burst to be initiated.
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(3) The proximity of activity bursts has no influence on
the time of occurrence of c¢leaning.

(4) There appears to be a level of arousal optimum for the
continuation of cleaning, which is furthest away from the
level of arousal at which locomotor activity occurs.

(5) The length of adjacent activity bursts is unaffected by
the proximity of cleaning bursts,

(6) In a sequence of three activity bursts, the length of
the third appears to be influenced by the proximity of the

second.

9.6. Results and discussion of Observations of Behaviour in thé
arena, and comparison with findings from the actograph

9.6.1. Comparison of burst numbers and format

The data from flies in the arena were analysed into bursts as
described for'flieé in the actograph. Fig.9.1l. shows the .
results for seven flies of numbers of bursts of cleaning and‘
-activity, and the total performance in seconds of each act, each

. day.

Activity bursts shoﬁ‘a steady increase in numbers from an initial

‘low level, to peak between days 5 and 7. This is very similar to

the increase in activity bursts snown by flies in the actograph,
except that these reached a peak earlier, betueen days 3 and 5.

The numbers of cleaning bursts were highly variable, and except

for fly A did not show a ;teady increase across sbarvation.

With the exception of fly E, which showed a slight decrease in the
total performance of flight across starvation, all flies showed m
incresase in the total performance of flight per day across starvation.
In spite of the lack of a simple trend in nuazbers of cleaning

bursts, the total length of cleaning performanced incresased for at
least the first four days of starvation in all flies except flies

E and G, These trends resemble those shown by flies in the actograph,
but the bursts themselves and the relationships between the two

burst types, were different in the two situations.
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F1G.9,11, CHANGE IN ACTIVITY LEVEL ACROSS STARVATION OF FLIES

IN THE ARENA
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Total performance each day:e, cleaning A, flight
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FIG, 911, Contd,
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Table 9.6. shows that the mean number of bouts per activity burst,
(i.e. the sum of the total of numbsrs of performances of flight,
rest, walk and clean in each burst), of X = 60 in the actosraph

and x = 11 in the arena, was significantly different, p< 0.00L,

Table 9,7, shows that the mean length of the cleaning bursts in
the arana and the actograph were not significantly different

(p> 0.05) with the mean in the actograph of 116 seconds and that
in the arszna of 84 seconds. The mean length of activity bursts
of 104 seconds in the actograph and 31 seconds in the arena

wers highly significantly differsnt, (p < 0.001), however.

Table 9.6. Mean Number of bouts per activity burst + S.E.

AGTOGRAPH | Mean Number bouts| ARENA | Mean number bouts Lt test

My Fly

1 54.8 + 5.6 A 8.21 + 0.64

2 67.2 + 10.7 B 8.7/ 4 0.95

3 51,7+ 5.0 c - 11.9 # 1.5 t = 16.3
I 68.9 £ 9.3 D 9.1 1,5 jaf =12

5 58,2 + 11,1 E 12.5 +0.98 |p< 0.00L
6 50,9 + 8.2 F 15.9 + 1.85 '

7 63.9 + 10.6 G 8.7 + 1.95 %
= 59.6 £ 3.3 % 10.7 + 0.7 |
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Table 9.7. Mean length of each burst type

Flies Length in Seconds Flies Length in Seconds
in the in the
Actograph Clezning Flight Arena | Cleaning Flight
Bursts Bursts Bursts Bursts
1 151 116 AL 60 35
2 72 121 B 115 37
3 83 98 C 74 © |26
4 149 126 D 77 32
5 108 £0 E 53 36
6 131 g9 F 105 38
7 119 101 G 105 16
x 116 + 11.6 | 104 + 6.5 84 + 9.2 |31 + 3.0

% tests

cleaning bursts

t = 2,16
af = 12

p> 0.05

activity bursts
1 =10.22
df = 12

p< 0.001.
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Table 9.8. shows the differences in length between individual

bouts in the two situations. All differences are significant. The

mean length of intra-burst rest bouts in the actograph was ‘

1.91 seconds and in the arena 2.33 seconds (p< 0.05). The mean

lensth of bouts of walking in the actograph was 0.76 seconds

and in the arena 1.4l seconds {p< 0,02). The mean length of

bouts of intra~burst clean in the actograph was 5.8 seconds and

in the arena 13.24 seconds, (p< 0.001). The mean length of

flight in the actograph was 1.69 seconds and in the arena

4.30 seconds (p< 0.01).

Table 9.8, Mean length of individual acts in seconds

?lies ?lies

in in '

Actograph |Flight | Clean | Walk | Rest || Arena |Flight | Clean}Walk | Rest
1 1.78 | 3.701 | 0.56 | 2.04) & ]8.22 | 16.4 |2.4 |2.57
2 1.69 |[3.89 |0.8L(1.57| B [5.76 | 16.75|1.68|2.01
3 1.48 5.09 | 0,52 | 1.97 C 2.77 13.6 |1.51 | 1.96
4 2.11 | 8.69 |o.58)1.850 D |4.03 |12.54[1.14|3.07
5 1.44 Loh5 10,93 | 1.92 E 4.08 14.5411.14 | 2.06
6 1.67 | 6.1 | 1.25]2.01}| F |27 8.95[0.95 | 2.27
7 1.68 8.7 0.69 } 2.00 G 2.54 10.00}1.05 |2.38
x 1.69 5.80 | 0,76 |1.91 x 4430 13.24 11.41 (2.33

Tests for differences in means of actograph

&
Flight 3.33
Clean 5-37
Walk 3.00

Rest 2.6/

and arena
ar p<
12 0.01
12 0.001
12 0.02
12 0.05
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Thus, individual acts in the arena are significantly longer,

bubt there are many fewer of them per burst, resulting in the

mean length of activity burst being significantly shorter. Only
isolated cleaning bursts were not significantly differsnt.

The overall effect of fewer, longer flight bouts per activity
burst in the arena resulted in less flight being performed -

per burst. Table 9.9.. shows these data. The mean 47.01
seconds/burst in the actograph was highly significantly different
from 12.57 seconds/burst in the arena, (p< 0.001l), with less

flight being performsd in the arena,

Table 9.9. Mean lensth of flicht per achiviby burst .-
(seconds) + S.E.

Flies in Actograph Flies in Arena I test

1 /2.9 + 0.64 Al16.02 + 0.98

2 55.94 *+ 9.16 B{15.73 £ 1.79

3 28,73 + 2,40 Cl11.9 + 1.65 5 =5.14
4 180,47 * 17.72 D|10.68 + 2,12 ar = 12

5 43.96 + 6,81 BEl13.38 + 3.36 p< 0.001.
6 30,32 + 5,05 Fl12.49 *+ 1.59

7 | 46.73 x 7.3 G|7.82 + 1.27

X 47.01 + 6,62 x|12,57 + 1,08

The difference in the lengbhs of ackivity bursts in the two
situations indicates that there is no tendency to perform

. spontaneous activiby bursts of a standard 1ength,-frrespective
of the situztion. Earlier (see section 6.1.2.), flies in
actozraphs, which could only walk and hop showed bursts of a
similar length to activity bursts performed by flies capable

of flight, also in actographs, thus indicating a standard burst
lengbh. Presumably the greatly enlarged volume of ths arena
rendered some fachor active in influencihg burst length,

which was not operative in the actograph.
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The utilisation of proline, the main flight metabolite, may
reasonably be considered as one factor likely to be involved in
the termination of an activity burst. If proline was the only
factor involved, these data indicate that continuous flight was
moTe Yexpensive! than shorter flights where take off and landing
occupy a greater proportion of the time occupied by flight,
resulting in burst termination after less flight activity.

In addition, these data indicate that if the threshold to flight
is involved in burst termination, then this threshold is raised
nore by a given nunber of seconds of flight performed continuously
than by the same number of seconds performed at a number of

different times.

The arena offered a much greater area for flight before an obstacle
such ags a wall was encountered, and the unsuitable nature of

the actograph for flight may further explain the observed differences.
The greater number of transitions per unit time in the actograph
from bouts of one act to bouts of another may indicate a greater
central excitability, due to the continued frustration of the flight
tendency. Such !post-inhibitory rebound' has been recognised and
recorded (Kennedy, é.g. 1965). However, for the performance of
spontaneous flight, thers are noc obvious stimuli, measurement of

which could be used to quantify this further.

9.6.2. Comparison of relative performsnce of each act

Table 9.10 shows that there are significant differences between the
percpntage of the total time actlve occupied by each act, except

for walking, which in the actograph occupied a mean 3.1% and in

the arena 1,44%, with p > 0.1. The mean of 50% for cleaning in

the actograph and 82% in the arena gave p<.0.001, and correspondingly,
the mean for flight in the actograph of 47% and 16% in the arena

gave a p< 0,001l.
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Table 9.10. Overall % of total time active occuoied by each act

?lies Flies

in in

Actograph | Clean | Flight | Walk ||Arena | Clean | Flight | Walk
1 59.2 40.2 1.0 A 81.8 16.2 1.9
2 27.3 72.0 0.8 B 74.8 23.8 1.4
3 65.4 32.4 2.31 C 81.0 18.0 0.1
4 43.0 | 56.5 | 0.44 || D 83.3 | 15.3 1.4
5 Lhed | 49.3 6.32 E 88.6 | 10.5 0.9
6 69.4 23.01 7.56 F 71.7 24.0 L3,
7 Lhod 52.4 3.20 G 95.9 4.0 0.1
% 50.4 | 46.5 | 3.1 T | ®4 | 16,0 | Les

Tests for differences in means
in actograph and arena

2 af P
Clean 5.0 12 < 0.00L
Flight 4.56 12 <0.001
Walk 1,38 12 >0.1

Cleaning therefore occupied a significantly greater pfoportion

of the total time active in the arena than in the actograph.

This was unexpected, since the confined space of the actograph -
resulting in more frequent contact with the netting, could have
been expected to increase the amount of cleaning as a result of the
extra irritation. The lengths of isolated cleans in the actograph -
and arena however, are not significantly different, so that the
burst structure of these isolated cleans was unaffected by the

environment,
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9.6.3., Summary

Thus in the arena activity is performed in bursts interspersed with
long gaps with no visible activity, similar to the arrangement in
actographs., Whilst the cleaning bursts are similar from the two
situations, activity burst format was highly significantly different.
Proline level, flight threshold and the unsuitability of actographs
for contlnued flight are factors likely to be involved in determining
the observed difference. These data alone do not allow any further

clarification of relative importance of the different factors. .

9,7. Results and discussion of spontaneous activitz_bufgfs
alternated with periods of visual sbimulation

9,7.1. Measures used to indicate any change in the tendency
to perform spontaneous or shtimulated activity.

In order to establish whether the tendency to perform bursts of
spontaneous locomotor activity, and the tendency to respond to
visual stimulation changed in parallel across starvation, a

measure of each tendency was calculated.

Previous analysis of observations of activity in the actograph
had shown that activity burst length did not change across
starvation in a similar manner in different flies {see Fig.9.6.).
Howsver, the gap between bursts (see Fig.9.8.) showed a steady
decrease in lengﬁh with an increase in number of bursts.

Brady (1972a, 1975) had also shown that flies whose activity was
‘measured by recording the rocking of actographs, aciieved an )
increase in activity level by a modulation of thelr periods of
inactivity., Measuremsnt of any change in length of such a zap
should therefore give a good measure of the prevailing tendency to

perform spontaneous activity bursts.
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Under the method used, two inter-burst gap lengths were measured.
The first was betwesen the end of the first activity burst and
onset of the second, both bursts occurring spontaneously. The
second spontansous activity burst was closely followed by a

period of visual stimulation. However, the second gap type, from
the end of visual stimulation to the onset of the third spontaneously
performed activity burst, could not be used. Variation in

response to visual stimulation meant that this second gap type
followed periods of inactivity during stimulation varying from
0-93 seconds. In view of this, only the first gap was used as a
measure of the interval between two bursts of spontaneous locomotor

activity.

Analysis of activity during visual stimulation yielded three
associated measurements. There was usually some latency of response
between the appearance of the stripe, and initiation of the flight
‘response. For flies which showed no response at all, this 'latency!
would last the entire six passages of the black stripe lasting .

93 seconds. Excluding any flies which gave no response at all

in 93 seconds, the mean of 41 recordings of the latency period _
for all flies all days for the first period of visual stimulation
(immediately after the second spentaneous activity burst) was
9.34 % 2.78 seconds, with only 5 out of the 41 being greater

than 10 seconds in length. For the second period of visual
stimlation (mid—way between two bursts of spontaneous activity),
the mean of 30 recordings was 6,91 + 2,01, with only 2 out of the
30 being greater than 10 seconds in length. (The smaller number

of available records is a result of the greater number of hon—response

times of 93 seconds).

There was often a gap betuween cessatlon of flight response, and

the final disappearance of the $ripe. Such habituation times varied
with starvation, so that early on habituation occurred quickly,

with flies respondinz to only one or two traverses of the stripe.
This would yield post-habituation times of 30, 40 or 50 seconds in
length (i.e. a great proportion of the 93 second total recording

time). Late in starvation flight activity would often continue
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until the final disappearance of the siripe, and ocecasionally

for a short period after this. From 112 observations there were 28
such occasions, which gave a mean length of flight of 4.7 + 0.9
seconds., o

Thus, initial response to the stripe tended to be an 'all or none!
event with very short latency periods, with varying thresholds
being reflected in the change in habituation times across
starvation. Fig 9.12 shows the change in habituation times

across starvation for all flies for the two periods of stinulation.
It can be seen from the slops of these lines and the magnitude of
times involved that the increase in time to habituate will account
for the majoridy of the change in length of response time shown

in Fig.9.13. |

During flight response to visual stimulation, a fly would first
take off at some point during the time the stripe was visible,
and then would often land just as the sﬁripe disappeared.,

The fly would then btake off again either before the sitripe
reappeared, or just as it did so. The time in between these
flights was spent in a posture of 'attentiveness!, with the

fly looking towards the site of disappearance of the stripe, and
with its body held fractionally less close to the substrate than
at ordinary rest. Such take offs, flights and landings would

continue until habituation ocecurred.

The time from the first take off in response to the stripe %o
the final landing which ended the series of flight responses,
is thus a measure of responsiveness to the length of visual
stimulation offerad, The length cof response to the visual
stimulation offered immsdiatsly after the second spontansous
activity burst is hereafter called Rl, and the response to the
visual sbtimulation offered between two spontansous bursts is

hereafter called R2,
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FIG_ 912, THE CHANGE WITH STARVATION IN TIME AFTER HABITUATION
TO THE VISUAL STIMULUS
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FIG.9.13aTHE CHANGE WITH STARVATION IN THE LENGTH OF THE GAP
BETWEEN THE FIRST AND SECOND ACTIVITY BURSTS, AND IN
RESPONSIVENESS TO VISUAL STIMULATION IMMEDIATELY AFTER
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FIG, 9,13 a,Contd,
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9.7.2. 0Observed changes in the two measures

Fig.9.13a. shows the change in responsiveness and spontaneous
activity across starvation in individual flies, and Fig.9.13b. shows
the means of data from all flies. For ease of comparison, the
ordinate for time of response is inverted in both parts of
Fig.9.13, so that a decrease in gap length with starvation is

seen parallel to the increase in lengths of response with
starvation. All curves have been smoothed with three point

sliding means. With the exception of Fly 6 (which showed a steady
increase in the length of the first gap, and a steady decrease

in the length of Rl), all flies showed a reduction in gap length
with starvation, to reach a trough on days 3, 4, 5, or 6, preceding

an increase in gap length with further starvation.

Fliés 1, 3 and 4 showed a close relationship betwsen the decrease
in gap and increase in response lengths across the middle portion
of the recordings. In flies 2 and 7, decrease in gap length and
increase in Rl followed similar patterns until the gap length began
to increase. In flies 5 and 8, the change of R2 followed gap
length more closely than did Rl. In five of the flies (2, 3, 5,

7 and 8), Rl continued to increase, or remained constant after gap
length had begun to increase. In five of the flies (1, 3, 5, 6
and 7), R2 continued to increase, or remained constant after gap
length had begun to increase, Five .of the flies (1, 2, 4, 5 and 8)
show R2 to be consistently shorter than Rl.

The mean data from all flies in‘Fig.9.13b. show a steady decrease
in gap length to day 4, and a sharp increase thereafter, R2 is
alvays shorter than Rl, with some 20 seconds difference, and both

increase steadily across starvation.
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9.7.3. Discussion of relative lenzths R1 and R2.

The differsnce indicates that in Rl, in spite of the very recent
termination of the spontaneous activity burst, the threshold to
flight as a reSponse to visual stimulation was lower than at the
time mid-way between bursts which gave R2, Fentress (1968a and b),
in a study of two species of vole had found that an overhead
moving object was more likely to clause fleeing in ahimals

which wers, or had recently been, engaged in locomotion,

He suzgestad from these data that the tendency to perform a
behaviour may persist for some time after that behaviour is
interrupted and replaced by another activity. The results from
the flies given here, where post activity burst stimulation could
evoke further flight, indicate that termination of a spontaneqﬁs
actlvity burst is not caused by an absolute shortage of proline.
(If proline level is involved in termination of spontaneous
activity bursts then it must be via attainment of a low 'indicator!
level of thoracliec proline, or by achievement of a reqguired |
increment decrease from the level at burst initiation to that at
burst termination). The greater Rl values indicate ‘that the
threshold for flisht performance is not raised to that typicai

of RR as soon as rest has become the ongoing dominant activity.
.Thus, for tsetse flies in this situation, the tendency to

perform flight continuss for some time after cessation of

spontaneous flight in an activity burst.

That absolute shortage of proline is not a causal factor in
burst teramination, and the flight threshold is not raised
immediately the burst is terminated would indicate a ceniral
overriding control of burst length rather than a peripheral one.
Data from Chapter & showed tensral flies with punctured

ptilina performed walking bursts of similar length to the
flight bursts of other tenerals, Thls is another indication
fhat the length of spontaneous activity bursts are centrally
controlled, irresoective of immadiate energy expenditure and

proline avallability.
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The low values of 2 indicate a low level of responsiveness
mid-way across an inter-burst gap. The log survivor funchions
shown under the actograph observations indicated a tendency
for spontaneous activity bursts to ocecur at regular intervals,
i.e. there was a predictable decrease in flight threshold
across the inter-burst gap. That R2 values were low at a
period one third of the way through the inter-burst gap (see
method) supports the proposal that the flight threshold rises
to a peak some times after a spontaneous activity burst, and
then gradually decreases until a further burst isinitiated.

9.7.4. Discussion of relative changes of gpontaneoug activity
’ level and visual responsiveness

Apart from a small initial decrease in R1l, both Rl and R2
increase in length to day 4 in a trend similar to the decrease
in gap length. However, there is no decrease in Rl or R2 to
mirror the sharp increase in gap length on days 5 and 6. R2
continued to increase to day 6, whilst RL continued %o increase
to day 5, with a tailing off to day 6. |

These data indicate that up %o day four, visual responsiveness
and spontanecus activity level were under the same controlling
meéchanism (see also Brady, 1975). From day four onwards, it

appears that some limiting factor begins to act on spontaneous

activity level, but does not affect visual responsiveness.

It has been suggested (see Ghapter 7, this thesis) that the
.reduction in number of spontansous flight bursts in late stages of
starvation may be explained as follows. The time after each
flight burst needed for the proline level to return to the
minimun level needed for initiation of a new sponbtaneous

burst increases with starvation. This results in a decrease in
the pumber of bursts, in spite of the increased urgency of

finding a bloodmeal with increased starvation. The failure of
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Rl and R2 to mirror the post day four increase in gap length with
a decrease, would indicate that there is effectively no minimum
proline requirement for response to visual stimulation. This is
supported by the fact that Rl, immediately after a spontansous
flight burst which will have depleted proline levels, was aluays
longer than R2 which occurred at a time when the proline reserve
would have been partially reconstituted. To a fly in its natural
environment, this control mechanism would have the effect of .
conserving proline from possible wasted depletion via

spontaneous activity, whilst not affecting the response to a
visual stimulus which would have a higher probability of
resulting in a bloodmeal.

In Chapter 8 data are presented which show that probing
responsiveness to a suitable temperature also continues to
increase until death point. This it would seem that in tsetse
flies, responsiveness to relevant exogenous stimuli continues
to rise right up until death, whereas response to the (assumed) .
continuous fall in threshold to spontansous activity bursts
(possibly>by the mechanism of minimum proline requirement), is

reduced, some days before death from starvation.
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Summary

An investigation of physiological. parameters which were
potentially involved in a causal relationship with known
changes in responsiveness of G.morsitans across starvation was

mads.

Measurement of the osmotic pressure of the haemolymph of
mature flies across sbarvation showed it to be regulated, at
least until very late in starvation, and thus not involved in

the behavioural changes.

Previous work had shown whole fly weight to correlate with
changes in spontaneous locomotor activity. Wing-clipping

to give an apparent increase in weight on the wing, did not
result in an’associated change in activity. Wings are thus
unlikely to be involved in monitoring weight., Any change

across starvation in the tendency of flies to hold balls of
different weights by their legs was measured, and this showed

a trend to decrease the weight retained. The decrease was
reversible by feeding, and there was a weak correlation between
the pefcentage change and the amount of food imbibed. Tsetse fly
légs are thus sensitive to different weights, and it is concluded
that they are responsible for monitcring-weight changes across

starvation.

One common sbimulus preceding the similar changes in behaviour

with starvation of teneral and mature flies is the expansion of

the crop with air at emergence, or with the bloodméal, respectively.
For teneral flies with ptilina punctured at emergence, the
behaviour of flies which were able to proceed with crop expansion
and wing extension was compared with the behaviour of flies with
unextended wings, lies with extended wings showed less locomotor
activity initially and then an increase with starvation, whereas

flies with unextended wings performed most activity early, Thus
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for tensral flies it appears that crop expansion at emergence
sets a high locomotor threshold prior to the cbssrved increase in
activity. Flies from both treatments showed bursts of activity
of similar length, in spite of the differences in mode of
locomotion and energy utilisation, indicating the length of

such spontaneous bursts to be centrally controlled.

For mature flies, groups were fed different dilubtions of blood
througn a membrane system, and then the bloodmeal sizes,

the rates of diuresis and tne change in behaviour with starvation
comparad. Bloodm2al sizes and thus cro§ streteh were similar,
showing no immediate compensation for dilution. The rate of
diuresis also showed no adaptation, with extra liquid being
discarded by a continuation of diuresis at a standard rate. The
total number of flight bursts performed by each group across
starvation reflected the amount of nutrient remaining after a meal,
The distribubtion of flight bursts in the two groups differed, with
an initial high threshold to flight andisubsequent increase in activity
in flies fed the most concentrated blood, and an initial low
threshold to flight and subsequent decrease in activity in flies
fed more diluted blood. This would be expected if the different
weight of nutrient reserve remaining in each group after diuresis
influenced the threshold to locomotor aétiﬁity.A The similar input
of length of time feeding and crop sbretch in each group had no
effect -~ this last finding for thé mature flies in contrast to

that for tenerals above.

" Flies fed either partizl meals at two different times after the
second bloodmeal, or a full meal, all reached a common base line
level of activity immediately after the meals. It is proposed
that a common shortage of proline (from metabolic costs
proportional to the meal size) accounted for the shared activity
level. Where the meal had besn lafge enough to allow a proline
reserve to form, there was then an increase in activity with

sbarvation, as would be expescted from a threshold set by changing
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weight of the fly as that reserve was depleted. Activity of -
fully fed flies continued to increase after thoracic proline
levels would have reached a maximum level, and thus the level

of proline is not excitatory. Where the meal had been too small
to allow resarves to accumulate, or affer such a ressrve had been
depleted, in spite of weight decrease with starvation, activity
showed a decrease, assumed to be due to a shortage of proline.
Activity began decreasing from different levels in the three

groups, enabling the rates of decline to be very similar.

Detailed recordings were made of some behavioural changes with
starvation. Ths probing response to five different temperaturesﬁ
was measured. Responses to the temperature stimunlus from a

glass substrate or from a small heated ball were similar, Few
flies probed immediately after the third bloodmeal. As starvation
increased, a greater number of flies probed, and the range of
response (in both the number of flies probing and the length of
time taken to probe) to the different temperatures was greatest
two days before death. By this time, response to the preferred
temperatures of 3700 and 4200 had reached the maximum observed.
By the final day before death, the less preferred temperatures
of 4700 and 32°C had become more acceptable, responses to them
ﬁere‘closer to the maximum, and the range narrowed. Probing
responsiveness, unlike spontaneous locomotor 5ctivity, increased
until the last day of life. |

In an investigation of the change with starvation in the
spontaneous performance of different acts, recordings were made

of observations of individual flies in an actograph and an arena.

In the actograph, activity bursts were performed which consisted
of 20-32 bouts of flight alternated with rest bouts, and
interspersed with walk and clean bouts. Cleaning oceurred 1in

three different contexts, each with a typical length. The
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nunbers of activity bursts showed a steady increase across
starvation, but the number of cleaning burgts was variable. There
was a strong negative correlation betwsen the number and length of
cleaning bursts. The number of activity and cleaning bursts on
any day seemed to be inversely related, perhaps due to
competition for performance time or to varying levels of arousal

differentia:ly favouring one burst type.

In the arena, activity bursts again showed a steady increase
across starvation, but reachsd a peak two days later than in the
actograph, Cleaning bursts were of similar length in the arena
and actograph, but there were significantly fewer, longer, bouts
per activity burst in the arena, resulting in the bursté'being
shorter. There was thus no tendency to perform bursts of activity
of a standard length in both the arena and the actograph, in
contrast to the findings for tenerals with punctured ptilina in
actographs. It is assumed that the extra volume of the arena,
allowing longer flight bouts, rendered some factor active in

influencing burst length which was not operative in the actograph,

Data from the actograph wererexamined for any influence of the
burst types on each other. DMeasurement of intervals within
triplet burst sequences showed that cleaning bursts had soms
influence on the threshold to locomotor activity, bubt not as
much as an activity burst would have had. For both cleaning and
attivity bursts, the tendency for a burst to begin and the
tendency to continue seemed to be under different controlling

- mechanisms, The length of cleaning bursts were infiuenced by

the proximity of activity bursts, but activity bursts of standard
length were performed, irrespsctive of the proximity of cleaning

burstse.

A comparison was made of changes in the tendency to perform
spontaneous locomotor activity and in visual responsiveness

across the gap between two activity bursts, and across gtarvation.
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Responsiveness to the visual stimulus was greater immediately
after the end of an activity burst than midway through the gap,
indicating that the threshold to locomotor activity does not reach
a peak until sometime after the end of an activity burst., The |
ability of flies to respond immediately after an activity burst
indicates that such bursts are not terminated due to an absolute
shortage of proline. The level of spontaneous locomotor activity
reached a peak on day 4 of starvation, and then decreased. Visual
responsiveness also increased to day 4, but then continued to |
increase until death as doss probing responsiveness. It is
proposed that a minimum level of proline needed for initiation of
a spontaneous activity burst.but not for visual.resgonsiveness
might be a mechanism whereby the observed difference betusen the

two responses is controlled.
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APPENDIX 1., Standarisation of flies for emergcnce weights and nutritional history
Experiment Trials Range of Range of mg Range of mg
emergence blood imbibed | blood imbibed
weights in mg | all 3 meals/ | 3rd meal/mg
mg emergence elnargence
weight welght
Spontaneous Mature males 16.6-25,1 5.0-6.9 1.8-2,5
locomotor
activity Teneral males 20,7-21.5
clipping control 16,4248 5,264 1.8-2.7
b clip 14.9-22.5 5.3-5.4 1.8=2.5
~ control 18.1-23.4 5.3-6.3 1.8-2.1
0 Clip 1606-2001 5.2—6.2 108-207
" control 14.0-25,8 5.,2-7.9 1.8-2,8
control 14.0-25.8 5.2=7.9 1.8-2.8
Females ~  eclip 17.6-25.2 6.0-8,3 2,2-3,0
) Control 170 4-24. 5 5.6-8-0 20 1_300




Experiment ' , Trials 'Range'of Range of mg Range of mg
’ : emergence blood imbibed | blood imbibed
weights in mg | all 3 meals/ 3rd meal/mg
mg emergence emergence
Wweight weilght
Leg loading Teneral Males 18.4~24.4
Tencral females 19,6-25.4
Mature males _ =
29 permanently mounted  15,3-23.6 3.9~6.17 0.87-2.67
20 string mounted 18.3-25.3 4.08-6,83 0,92-2.45
Mature females 18.,5-24.4 Lo 74-6,17 1,05-2,74
Osmotic Females téneral day 1 13.3-23.6
pressure of 5 _ _
haomolymph mature! day 1 16.1-26.2 5415-7.98 1.14-3.39
, mature day 5 - 17.1-23.9 5448-7,02 2.02-3,71
Males teneral day 1 19.2-24.5 '
- mature ‘day’l 19,8-23.0 4423-7.68 1.48-2,74

1.49-2.84

-aLI~



Experiment

Trials

Range of
emergence
weights in mg

Range of mg
blood imbibed
all 3 meals/
mg emergence
welght

Range of mg
blood imbibed
3rd meal/mg
emergence
welght

Dilute blood

Moal size 3rd meal and

meals subsequent weight loss  42% 16,2-26.3
8% 13.1-25.2 see results
Activity measurements R% 16,2-26,3
83% 16,1-25,2
Partial PrF2 13.4-26.3 2.95-4.92 0.131-0,779
meals PF, 15.4-24.8 2.28-5.57 0.101-0.309
NF2 17.7-26.1 3.12-4,56% Sl -
NFZ 13.9-24.3 3.0 =449 -
Probing 12,2-26,3 3.4 =8.06 1.21 =3,13
Observations | Spontaneous activity in actégraph ‘17.9—24.3 5.13-6.48 L.74-R.43
| - - in arena 18,9-23.2 5.27-7.49 1,48-2,76
Visual stimulation offered 17.7-23.3 5.11-7.55 1.88-2,59

# Two meals only offered to these flies

~6LI~



C PRUBE

)

CULES 48 Ub 0b B4 U4 U0 UL LU VU VO VU UV VU VU LU GV DU LD VO VD

ACTIVITLIES

B WALK
k KEST

-T&0~

in Fig, 94, underlined,

364

3.V

10400 ,0
KUPBEK LF RECUGNLSKED ACTLVITIES
D FLLIGHY

A CpEAN

1) Output from analysis of Spontaneous activity programme by A. Ludlow-
activity burst shown

APPENDIX I

Eb¢
LUmbER UE BUULS

TUTAL TiME
UhLllo PR SEC

Fly3 day2

EVICS B s oo B B TS JEV IS 95 95 B om ooiin T o R A 63 BV
MONNANDOINE=IINNNNDOIDONOM

¢ & 0 & 5 6 6 8 & & 08 0N e e rr ol

M H{ANTDIN Nt N POND - NN
N

MDA NS =MD DON SN ™D
® * & & & & & ® s 6 S St e 0 S r s 0 e ¥
HNEAN N NDO NN =ANNM . NANM
—t O et

-4 .
WEHOIDINDC AN A AT LTI IDDI 30D
NN DNIN™D DN D D =D
O P & B & 5 & N O ¢ 0 & s 0 & b s 0 B

et N DN YV e = T S -t
—-—

ZAaadE IS TDIADIIIL D IR DA
1

CIDNT A AN AT ID2DDCI YN I DD

~IDODMNMIMDMDIDIDO=M NN NN
& & & & & & 8 Kk & 6 55 & S a0 r O
Poedrded: =N NNNM N~ NN Nt =]
> ;

FRAAANDTLLAN 203230040
MM SN DD~ == AN M

2
6 0 5 & &K B E S & P B4 K & &I E s E B
—

o X I B -t ND NN Y -0 N
> x> .
red ! . at

LA YN IDLILCIZIV A IFAICILD
NN ONE=NMDMDNDIOM DM NN ~DN ™

* B 8 ® F S B E B & ¢ A& E S s8N

L Mt Vi e Dot N LN

e BB - ~N - D
—t

s O

Ll ¢ RO s R Tom Riu e Bom Bom 65 B4 SR RS S i 30 e o Bon TS R LA

DNMINSMIAMNYINDINND =MD DN~

¢ 2 8 & & &5 S0 P A PN S e S

Xa L -
s 4

hbDAhbbbEbDDUﬂUUUEbLAUUU
F MO e =N D DN TSN
‘] 68 & v 8 0 s 8 0 & 08 B e s b s s
SOoN™M A NDNN Nt rd bt N DN~ N
o] O =N

£

Lol 1.
led
‘.U

1e3 UL

le/ U
1a/ K
3.0 I
1,3

%)

12

L.k
-
Y

1.0
Loty U

L
b

-3

el
Lo

le7 U
YeU A
le/ U

Lol

L,

le3
de3 t
3.t
Lo f.
« 3t

1)
1}
7]

I1.U

led

e/ L

l.U

lsU

L3¢V AllU{ZeU L

[
k.
| &

2LALCAALDANG AN NI

DM OINNOD =D
P 80 eB s TP RSP e

Nrfed N oA i NN - -t e N

dAE 0032232300 <J00

MNANSN =N NN DNN~
* 2 5 0 & 85 8 B & & s P& EDS
N NN ~N- S N
-t

I o o fom B T a om B o Jon To-« BES 7% 0% 05 IS [ a Jon Q8 4 RS |

NIDASAMNMANDENNN-ND
¢ 06 5 0 &85 8 8 0B LB YTS
—t et N -~ =P N =~ ™
- -~

-

Jd@d DR gadIIDDIANI22

MDODNI="MOIMNMIODOI~D=DO™~
” 0 & o & & 00 0P O F st e
N~ et~ RANNNet o~ =N
N
o)

o222 RAIAA733 D

DD =N
® & F & 8 & 06 5 5 e P b E P E
Nrd NV Nk ) ettt N

A0 3R ADIIDITIRA20
DO=MT=-TINON =N~
O R R N L N O

N — Nt N ot et

2332232230224 20D A0
MODONMN™NDN™=DD2=N~""
> 2 0 8 8 ¢ 0 0 s 0" "B P
ok =t Nl YN = =~ MN

AR A03Jd2332333340D
2NN~ ONIOIMNON

ol & @ 5 ¢ & 5 & &8 & 0 2 8 & &

|

10’ A
l.U
Y
loe/

NN -~ g Pt N mtomf oy



1) Contd,

ANALYSLS UF ACKLVLITY BUKSTLS

—I8I-

P i B ies T o T M S e
< ® » ® & 5 o e e e
PNANDDOODNITNN
XOINDIDHFN~=ND
2] t ot N L et ™
-t

ll

;N

NSO O™~ DO~-M™
4t & ® & & s o st 0 s
DON™NDIS=HMO~
DTN ONANY~TDOM

i |

IO TS=NNrirmi O

3 .

-

BITIDINAMNODON=MDOmNM

S ® ®» ®» 2 5 B e e e e

LODIIHDNDPODMOLO
P ~ANNN- O

MDD DONDIFADIODOON
o ~N —trted: N
2

-~ ,
AD2DDOMDNNND D~
TR I K BN R R

CSODTINDANANHON
: M NN

D0DTDDDODD

2
=
-~
0

joi B Jo Jo o oo Sem o Yo B i Jion ]
X. s 2 o 5 e s 0 e b
WSIID2O0D22O0DD2D

SO0 TN~D

DD ~D O~
LI T S Sy
DINDDIDID NODOW

WALKLEG. -

Uel
.

DN P A NP et N )

D=DM=TMINON ™~
> ® ¢ & = T " e 08
DNTDMISPFIOMHION
ND=—tmtmM . NON
pey

CLEANLNG

NI NO~DNDw
i =

15>

™

™Mo
.

IN-O

b =~

it >4
0

-y N

. »

(> >

152
>

Lo R

~
N

Wy

D

[t

ot ot

Nt
5.

NS
Fa N e

[

N

L

bt

[Ny .

D0

63 et
o

N v -

~N
L 2
0 -

™~

43240

TOYAL lidwe
NUMB L K ’

o

TUTAL ACTLVLITY LINCLUDING KESTS

TUTAL

X~

4324 .0
.?0

TLUE

NUMBbEKR

234

43,

TRALLER

HEADER AND

TUTAL



=182-
2) Programme by the author to calculate mean bout length ber;activity_

bursg and its output,
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3) Pro

gramme by the author to analyse the data of spontaneous activity aiternated with -

periods of visual stimulation, and iis output,
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