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I. 

I N T R O D U C T I O N 

Insect repellents were discovered early amon^ pr i m i t i v e 
peoples. Many plant products such as vegetable o i l s , and 
i r r i t a n t s l i k e p i t c h and smoke were used by pr i m i t i v e man 
i n an e f f o r t t o protect himself from noxious Insects. This 
i s described by Dethier (1947), who also records the fact that 
the Greeks found a p r a c t i c a l application f o r the use of 
insect attractants. Yet i n spite of these well established 
f a c t s which were accepted and used, and i n spite of the 
in t e r e s t which developed i n the subject i n the eighteenth 
dentiiry (see Marshall, 1935) and which has continued unab*ed 
to the present day, i t was as la t e as 1895 before a simple 
p r a c t i c a l piece of apparatus appeared, designed t o measure an 
olfacto r y response. This p a r t i c u l a r olfactometer, the work 
of Zwaardemaker, was designed to measure human ol f a c t i o n , and 
was unsuitable f o r use with insects. However, i t was en 
important advance i n t o olfactory studies i n general. 

Barrows (1907) working on the pomace f l y , Drosophila 
anrpelophila introduced the p r i n c i p l e of the Y-tube olfactometer. 
This apparatus consisted of a simple Y-tube, down one arm of 
which odourless a i r dlj^tised, and, down the other, a i r which 
had been i n contact w i t h some test substance. Insects 
entering the tube were presented w i t h a simple choice, and 
on t h e i r selection of one side or the other, the at t r a c t i v e 
or repellent effect of the substance was established. 

I n 1926, McIndoQ̂ ,ig^:?S?^^ the Y-tube olfactometer with 
BOIEKOt 
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some improvements and demonstrated that insects are attracted 
t o plant odours.. This was an important step i n olfactory 
studies i n insects, and from i t developed s t i l l f urther 
i n t e r e s t i n the suhject. 

More recently Thorpe and Jones (1937) and Thai?pe(l938) 
used the Y-tuhe p r i n c i p l e t o study olfactory conditioning i n 
a p a r a s i t i c insect and i t s r e l a t i o n to the selection of the 
host. Cromhie (1943) adapted i t f o r the ISlowflies Callipheyra 
erythrocephala and L u c i l i a sericata. 

About t h i s time, the prolDlem of sheep "blowfly "behaviour 
had been taken i n t o the f i e l d , and a considera"ble amount of 
information has since acciimulated, "bearing on various aspects 
of these f l i e s . A l l the relevant work and l i t e r a t u r e cannot 
"be c i t e d here, "but a "brief outline w i l l give some idea of i t s 
extent. Ho"bson (1934, et seq) undertook a series of 
investigations, and among other problems, he considered what 
was then descri"bed as chemotropism i n L. sericata, and also 
su"bstances which induced the f l y t o oviposit on sheep. 
Holdaway (1933) observed the conrparative "behavio\ir of 
L. sericata and L.caesar i n t h e i r natural environments, and 
MacLeod (1937) studied the nature and control of st r i k e i n 
B r i t a i n . At the same time, i n Australia, where the "blowfly 
problem had become acute, more f i e l d work was forthcoming, 
concerned, f i r s t w i t h a general survey from T i l l y a r d and Seddon 
(1933) and l a t e r from Preney (1937) on the chemotropic 
behaviour of the f l i e s . A few years l a t e r , i n t h i s coiintry, 
Cragg and Ramage (1945) undertook behaviour studies on 
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L.sericata and L.caesar i n the f i e l d . This was followed 
by Cragg and Thurston (1950) with observations on the reactions 
of the f l i e s to organic sulphur conipounds used i n traps - i.e. 
t h i s work did not involve the l i v i n g sheep as part of the 
mechanism of a t t r a c t i o n . Cragg (1950) oonsidered the 
reactions of L.sericata to various substances placed on sheep. 
I n 1943, MacLeod, i n a survey of B r i t i s h sheep blo w f l i e s , 
attempted to establish the relationship of s t r i k e t o host and 
edaphic factors. I n Australia, Mackerras and Mackerras (1944) 
published work on the attractiveness of sheep f o r L. cuprina. 

There has been, therefore, a tremendous p i l i n g up of 
data concerned w i t h several aspects of sheep blowfly behaviour 
i n the f i e l d , and at the same time laboratory studies on the 
f l i e s have been few. For t h i s reason i t seems necessary 
noT/, to pursue the problem of blowfly behaviour and to study 
the f l i e s and t h e i r reactions i n the controlled conditions 
of the laboratory. 
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P A R T 1 

AN INVESTIGATION AND CRITICISM OF THE 

Y-TUBE TECHNIQUE 



1. THE Y-TUBE OLFACTOMETER. 

Work was begun i n Durham to construct a simple Y-tube 
olfactometer of the type described by Thorpe and Jones (1937) 
Thorpe (1938) and Crombie (1943), i n which i t would be 
possible to measure simple reactions to attractants and 
repellents. 
APPARATUS: . The apparatus as i t was f i r s t used i s shown 
i n F i g . l . The actual Y-piece had an inte r n a l diameter of 
4 cm; two arms, each 16 cm. long joined a stem 20 cm. long. 
This had an outlet tube some 13 cm.along the stem fr a n the 
j i i n c t l o n of the arms. This central Y-piece was f i r m l y 
screwed t o the bench by the metal c l i p s , C. Frcm each arm 
a phosphor-bronze cone, X, led i n t o the trap of each side, 
T i and T2 , each 2 cm. i n diameter and 15 cm. long. Insects 
which made a choice^one side or the other v/ere retaine^iere, 
unable t o wander out again throiigh the cone at the entrance. 
Bach trap connected w i t h a flowmeter. P i , and F 2 , across 
which the air-streams passed to enter the apparatus. The 
stem of the Y led through a rubber connection to a loading 
tube where the f l i e s were allowed to s e t t l e before entering 
the apparatus. This tube was cut o f f from the l i g h t source, 
L, by a cardboard screen, S. 

CALIBRATION OF FLOWMETERS-; This was carriedoout as described 
by Crombie, and using an aspirator. Readings of the time 
taken f o r a known volume of water to run out of the aspirator 
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were taken, and the pressure difference i n the attached 
flowmeter was adjusted to each point i n turn by a screw on 
one of the rubber leads. By the same means the meniscus of 
the l i q u i d i n the c a p i l l a r y was kept at t h ^ o i n t concerned 
as the water ran out of the aspirator. The flowmeter 
readings were p l o t t e d against the rate of flov/ of a i r i n ccs 
per second and a curve was drawn f o r each flowmeter. From 
the graphs, the rate of flow of a i r corresponding to any 
reading of the flowmeter could be read, and therefore the 
number of ccs of a i r entering the arms of the Y-tube per 
second could be obtained d i r e c t l y frcm the readings of the 
flowmeter. An extra flowmeter was calibrated f o r use wL t h 
menthol crystals. The stream which passed across t h i s was 
menthol-saturated, but could be d i l u t e d to a known degree by 
mixing with a p l a i n airstream passing across another 
flowmeter. The sum of the readings of the flowmeter on t h i s 
side equalled the reading of the single flowmeter on the 'blank' 
side. 

THE AIR-FLOW; To investigate the course of the 2 a i r streams 
entering the Y-plece, Crombie had used fumes of ammonium 
chloride. The fumes were drawn i n through one limb a n i ^ l a l n 
a i r through the other, so that the flow, when the two steams 
met at the junction of the arms, was easily v i s i b l e . He 
described i t thus " At the junction of the arms there 
was some turbulence, but the streams from each arm remained 
d i s t i n c t a l l the way down to the o u t l e t . . . . " For similar 



t 6 s t s i n the Durham apparatus, the same arrangement of 
ammonium hydroxide and hydrochloric acid was set up, and a i r 
was bubbled through t o produce the dense white fumes. There 
was a steady, slow.Lstream of the gas down one sidejof the 
apparatus to the angle of the Y. Here, some of i t t r i c k l e d 
round the bend and occupied a small area at the lower end of 
the ' a i r ' atmea There was also tur"buience at the junction 

and d e f i n i t e mixing with the a i r stream. I n the stem, the 
ammonium chloride became less dense "but f i l l e d the entire tube. 
There were not two d i s t i n c t streams but rather a uniform 
d i l u t i o n of the chloride with a i r . Certain small hollows 
and crevices existed at the angle of the Y where the inside 
of the tube was roughly finished and i t was thought that t h i s 
uneven inner surface was a possible cause of the tur"bulence 
obseirved. For t h i s reason another Y-tube was procured. 
The f i n i s h on the inside was improved but some uneveness was 
s t i l l c l e a r l y v i s i b l e , and the flow of ammonium chloride and 

. a i r through the tube remained much the same as i n the6rlglnal. 
A U-tube modification as i n Pig. 2 was t r i e d . The 

dimensions were similar to' those of the Y but because of the 
piece of straight tubing across the jiinc t i o n i t was an easier 
piece of apparatus t o construct and s t i l l r e t a i n a smooth 
inner surface. However, fumes of the ammoniimi chloride 
continued to pass d i r e c t l y across the ̂ junction of the arms 
wi t h the stem, no matter how the rate of flow was timed, and 
they f i l l e d the entire isdtem. 

I t seemed possible that because the densities of a i r and 
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ammonium chloride are so d i f f e r e n t , the flow w i t h i n the Y piece 
might be explained by the fact that the heavier fumes were 
sinking and spreading on the f l o o r of the apparatus. To 
overcome t h i s , the easily recognisable but much l i g h t e r 
nitrogen dioxide was substituted f o r the chloride. At a rate 
of flow of 7 cc per sec. and less, the brown gas fumes f i l l e d 
the e n t i r e i n t e r i o r of the Y-tube, although they were 
considerably less dense on the ' a i r ' side. I n the U-tube, 
at the same rate of flow, the ' a i r ' side remained clear but 
a mixture of gas and a i r occupied the cross-piece at the 
junction of the stem. There was, therefore, no central area 
when f l i e s had crawled up the stem where a clear-cut choice 
was presented t o them. 

Some attempts were made to aid the separation of the two 
streams by f i x i n g a carliboard p a r t i t i o n at the junction of 
the arms, (Fig.3, A & B). The cardboard was held i n place 
by a small pad of plasticene, attached to the inner angle of 
the Y i n one case, and i n the middle of the cross-pieee tube 
i n the other. The flow of gas was not altered by t h i s 
obstruction and the two streams s t i l l mixed f r e e l y i n the ̂ em. -

A fur t h e r attempted v a r i a t i o n was the provision of a 
new out l e t tube, (llg.3,C). The o r i g i n a l outlet had rumi o f f 
the stem at r i g h t angles to i t and i t was possible that t h i s 
caused disturbance to the flow by drawing i t away frcm the 
centre of the stem. I n i t s place, a long straight glass tube, 
held i n a cork was Inserted i n the stem t o occupy a completely 
medinn pos i t i o n . No improvement i n separation of the gas 
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streams resulted. I n spite of the doubts about the 
functioning of the apparatus, i t was decided to put some f l i e s 
thro\agh the olfactometer to observe t h e i r behaviour. 

EXPERIMENTAL METHOD: 
The l i g h t was switched on, and the pump started which 

drew the a i r across the flowmeters i n t o the limbs of the Y, 
down the stem and out through the e x i t tube. Meantime, some 
50 or 60 f l i e s were collected i n the loading tube, and allove d 

to s e t t l e down, concealed frcm the lamp by a screen. When 
a smooth flow was established, the screw-clip on the rubber 
connection between the loading tube and the stem of the 
olfactometer was \mdone and the f l i e s crawled up into the 
apparatus towards the l i g h t . Some of them would select one 
side or the other, and continue t o crawl along the chosen side 
u n t i l they entered the trap, where they remained \ i n t l l -the 
end of the experiment. When the apparatus was run with a 
te s t substance, t h i s was placed beyond the flowmeter on one 
side. A i r was then dravm across i t and then across the 
flowmeter while a p l a i n a i r stream entered the apparatus on 
the opposite side. When a l l the f l i e s had been coaxed out 
of the loading tube by gentle pressure tma. the plunger, the 
screw-clip was closed. The blacked-out stem was an 
adaptation, found necessary because the lllim-dLnation here 
was so good that many of the f l i e s s e t t l e d down immediately 
a f t e r entering the apparatus, and refused to move further. 



The l i g h t source was f o r most piirposes a 25 Watt lamp, 
arranged so that t o t j i limlDS and traps of the olfactometer had 
equal i l l u m i n a t i o n . 
^ The running time f o r a single experiment varied 
considerably. At f i r s t there was a tendency to extend the 
time l i m i t up to 15 or 20 minutes i n order that the largest 
possible number of insects might make a d e f i n i t e response, 
f o r large numbers persisted i n s e t t l i n g i n the lower parts of 
the apparatus, so that only about h a l f of the s ^ l e responded 
during the f i r s t few minutes of the experiment. As the work 
proceeded, hov/ever, and parffcularly diiring the menthol tests, 
the time allowed f o r each experimental run was never more than 
5 minutes. This was to safeguard against possible fatigue 
of the sense organs i n a menthol atmosphere, which might 
r e s u l t i n a random rather than a selected d i s t r i b u t i o n . 

For purposes of counting, the entire traps were removed 
and placed i n a r e f r i g e r a t o r running at about 5^0. f o r 10 
minutes. Counting and sexing was then quick and simple, and 
there was considerably less r i s k of injviry from roiigh handling. 
I t soon became apparent that a f t e r a single run through the 
olfactometer and the subsequent c h i l l i n g f o r counting 
purposes, the f l i e s were d u l l and slow i n behaviour. 
Succeeding experiments showed increasing numbers which tended 
tobremain i n the stem of the apparatus, without making a 
choice of sides. I t was reasonable to supposejthat the 
experimental technique was severe and l i k e l y therefore, that 
the sensory responses were being affected. Subsequently 



i t was decided t o put the insects throiigh the apparatus 
only once each day. After an experiment, the f l i e s were 
put i n t o a fresh cage supplied with s\igar and water, and 
given some chance of recovery hefore "being used again. 

It. 



2, EXPERIMENTS USING THE Y-TUBE OLFACTOMETER. 

A l l readings were made i n a constant temperature room, 
running at 25°C. The only source of illumination was the 
25 Watt lamp, held i n po s i t i o n above the centre of the 
olfactometer. The insects used were adult L.serlcata. 

Group 1; T r i a l runs to test the apparatus f o r "bias. 
I n these t e s t s , the olfactometer was run '"blank'. A 

p l a i n a i r stream entered each lim"b and tra v e l l e d downwards 
to "be withdrawn at the outlet i n the stem. Illumination 
was equal on "both limbs. 

TABLE 1. 

IMo. lie, 

L i_Aa 
I 

2.. 'sq 

3. 

( 
i 1 

1 (o. 
1 j 
1 1 

t 1 7. 
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There i s no s i g n i f i c a n t deviation from the expected 
r a t i o i n the above counts (C = 1.07 and therefore P= ̂  0.3 
approx). I t was assumed that the apparatus was uniform i n 
i t s e ffect on the insects. An interesting point emerges 
from the Table i n that only 62% of the sample made a choice. 
There was rather more than one t h i r d of the f l i e s which 
remained i n the stem throughout the experiments. 

Group 2: A meat b a i t incorporated i n the apparatus. 
There existed the p o s s i b i l i t y that an attractant 

included i n the c i r c u i t would increase the numbers of insects 
responding. A wash-bottle containing raw chopped meat was 
attached to one side of the apparatus, a i r being drawn 
through i t and then across the flowmeter of that side. The 
insects were one week old at the time of the tests and had 
been meat-starved f o r the 48 hours preceeding the tests. 

The results i n Table 2 show that more f l i e s do react 
when meat i s present i n the apparatus. There s t i l l remains, 
however, some 2b% of the sample which f a i l s to select one 
side or the other. The Table also shoY/s clearly that 
although the baited trap attracted more f l i e s than the blank 
one, the deviation i n favour of the b a i t i s not s i g n i f i c a n t . 
Under the conditions described, therefore, L. sericata was 
not attracted t o a meat b a i t . 
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TABLE 2. 

I. 

1 
I 
i 3. 

No 

3M-

3 ^ 
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The olfactometer was cleaned out and rearranged. A 
series of control runs showed the expected 50:50 r a t i o i n each 
tr a p , so the meat experiment was repeated. Co\ints were taken 
and the results are recorded i n Ta"ble 3. They show that the 
f l i e s were d e f i n i t e l y repelled from the meat-haited trap, 
P f o r the res u l t = < 0.001, 

TABLE 5. 

Ex|jb. 
Ho. 

Z. 
I. 

IS-
23 

gp̂  qj> . ̂ 2-1 TIT? IS;̂  

111 
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Possible sources of error were considered, the entire 
apparatus was reversed and the p o s i t i o i ^ f the l i g h t source 
readjusted. The flowmeters were changed. The position of 
the meat i n the series was altered. Later, i t was f i n e l y 
chopped and spread along the bottoij of a long glass tube 
through which the a i r stream passed; t h i s to ensure that the 
'bait' stream was thoroiighly satiirated w i th the attractant 
odo-ur. Another t r i a l inco3?porated the meat actually inside 
the trap of the 'bait' side, as i n Crombie's arrangement. 
After each of these changes a control test was made and the 
insects never f a i l e d t o respond w i t h the expected 50:50 r a t i o 
on each Bide, although they continued, equally steadily, to 
avoid the meat when i t was included i n the apparatus. One 
fac t o r remained unbalanced w i t h i n the olfactometer, and that 
was the r e l a t i v e humidity. The p l a i n a i r stream was drawn 
i n frcm the general atmosphere of the constant temperature 
room where the r e l a t i v e humidity as gieasured by a paper 
hygrometer was about 55%. The air-stream which had passed 
over the meat b a i t was probably considerably more. A t r i a l 
run, which balanced a tube containing damp cotton v/ool on the 
one side against the ineat b a i t on the other, shov/ed that the 
insects made a clear-cut and si g n i f i c a n t choice i n favoiu* of 
the ' b a i t ' side, see Table 4. Cobalt thiocyanate papers 
placed i n each trap f o r 15 minutes showed the humidity on 
both sides to be approximately the same. 



TABLE 4. 

(Ne.o. 

^ 34-

I 

3^ 
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This reaction i s one which was f i r m l y established l a t e r , 
using a completely d i f f e r e n t p r i n c i p l e . Namely that under 
laboratory conditions, L. sericata presented with a choice 
between two r e l a t i v e humidities always choosEs the lesser and 
continues to do so, even when attractants such as meat or 
chemical compounds are associated w i t h the higher humidity. 

I t was now established that the insects would respond to 
an atti'actant presented i n the Y-tube apparatus, under 
suitable conditions, and some of the e a r l i e r unsatisfactory 
r e s u l t s were explained away. There s t i l l remained, hov/ever, 
a l o t of v a r i a t i o n between the d i f f e r e n t readings. For 
exaiEple, i f i n Table 4, the f i r s t 2 counts are compared w i t h 
the l a s t 2, i t i s apparent that there i s a significant 
difference between them. This type of f l u c t u a t i o n appeared 
quite often, even i n control runs. Distances frcm the l i g h t 
source were constantly re-measured, and the entire set-up 
of the apparatus checked. 'Ĵ e cause of the variations 
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remained olDscure, except i n so f a r as they might he explained 
"by the p e c u l i a r i t i e s of the airflow inside the tube. 

Group 5: The repellent effect of menthol. 
An attempt was made to repeat the menthol experiments 

descri"bed "by Crorahie (1943), i n order t o achieve, i f possible, 
greater cert a i n t y about the r e l i a b i l i t y of the apparatus. I n 
these experiments, a varying concentration of menthol had 
been balanced against a f i x e d i n t e n s i t y of illu m i n a t i o n , the 
lamp favoxiring the limb contelning the menthol flow. I n t h i s 
manner a t t r a c t i o n to the l i g h t soxirce was opposed by the 
repellent effect of the menthol. 

I n the repeat experiments, menthol crystals were loosely 
packed i n two small U-tubes arranged i n series, through which 
the a i r stream was passed to ensure saturation. This was 
d i l u t e d l a t e r , as occasion required, t o any given strength by 
mixing i t w i t h a stream of a i r , both flows being controlled by 
flowmeters. 

Two test runs were made f i r s t . I n one, the l i g h t source 
lay along the axis of the olfactometer, and i n t h i t h e r , the 
lamp was placed at an angle of 45° to the axis, so that the 
l i g h t favoured one limb. The menthol concentration was 100% 
i n the f i r s t case; i n the second, the apparatus was run 
'blank'. The res\ilts obtained are recorded i n Tables 5 and 6 
and agree w i t h those published by Crombie. 
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TABLE 5 

No. op. Morv\ber vn 

1 41 

X- 7 . ^1 

3 

If-

5. 4c? 
o7/o 

5? • 

1- 3 

8. 

TABLE 6 

% "̂ ^̂  

IUjJLrn.Mrujire4 

1 I . a . 

1 
1 

1 X. 

L 
t a b 1 

1 

I n the r e p e t i t i o n of Crombie's l a t e r experiments, the 
l i g h t source used i n Durham was a 15 Watt lamp placed so as t o 
make an angle of 45° w i t h the axis of the Y-tube, and 
il l u m i n a t i n g the limb down which the menthol stream flowed. 



This remained unchanged throughout the experiments. The 
menthol concentration was varied as already described. Two 
groups of experiments were done, usiiing one intensilly of 
il l u m i n a t i o n w i t h s i x concentrations of menthol. The 
responses obtained are given i n Table 7. The figures i n 
the l a s t column are the percentage responses obtained by 
Crombie i n simila r experiments. 

TABLE 7 

&tve<wn 

Number oj: i "/̂  

I T 
Number CjP 
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317. « 

I f I 2 1 % ' 
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As Table 7 indicates, the a t t r a c t i o n towards l i g h t f a r 
exceeds the repellence of menthol. The percentages recorded 
i n the 'blank trap' columns (none of which i s s i g n i f i c a n t ) 
show that i n fact the f l i e s were not repelled, even at 100% 
menthol concentration. Crombie had found that a t t r a c t i o n t o 
the l i g h t held as f a r as about 50% menthol ancentration, and 
that around t h i s point, a balance was reached between 
a t t r a c t i o n and repellance. . At 75% concentration, however, 
repellence was much stimger than a t t r a c t i o n , 

A possible explanation of the Durham results i s that the 
menthol stream was not f u l l y saturated. Yet, i n the t r i a l 
run using pure menthol to oppose a p l a i n a i r stream, (Table 5) 
the percentage repellance agreed closely with that obtained by 
Crorabie. Another and more l i k e l y e ^ l a n a t i o n , i n view of the 
p e c u l i a r i t i e s of the flow w i t h i n the olfactometer, i s that 
the menthol stream was mixing thoroughly with a i r from the 
opposite limb, so that menthol ( i n rather d i l u t e form) was 
available across the entire area of choice. I t i s therefore 
quite probable that the insects were surrounded by menthol 
fumes and made a simple response i n favour of the illuminated 
limb. 

I n an attempt to arrange a series of l i g h t s of a f i x e d 
i n t e n s i t y of I l l u m i n a t i o n , to correspond with those used by 
Crombie, 4 lamps were calibrated using a photiocell. Three 
concentrations of menthol were balanced against each of the 



four available illuminations i n turn. The lamp was 
placed so as t o illuminate the 'menthol' limb. The int e n s i t y 
of i l l u m i n a t i o n was measured at the divergence of the 
limbs. 

Crombie writes that a difference i n the int e n s i t y of 
i l l i i m i n a t i o n had no effect on the responses of the f l i e s 
f o r corresponding concentrations of menthol. This i s quite 
clear from his results which are quoted i n the last column 
of Table 8. The IKirham data i s also given i n t h i s table. 
This shows that under the conditions available i n the Durham 
olfactometer, illiaraination i n t e n s i t y did affect the behaviour 
of the insects towards menthol. At 0.095 and 0.6 metre-
candles, the r e s i i l t s show that the f l i e s appeared t o be 
aware of the repellence of menthol rather than the a t t r a c t i o n 
of the l i g h t . At the two higher i n t e n s i t i e s , however, there 
i s a sharp f a l l i n g o f f i n the apparent repellence, so that 
the insect response again appears to be a simple one of 
a t t r a c t i o n towards the l i g h t . This i s , of course, based on 
the assumption that the courses of both the menthol and the 
a i r streams w i t h i n the apparatus remained d i s t i n c t and 
separate - an assumption which i s scarcely j u s t i f i e d i n 
view of the e a r l i e r evidence. 
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Group 4; Modification of the olfactory response. 
Crombie concluded that the" adults of C.erythrocephala 

and L. sericata are normally repelled by menthol, but that the 
degree of repellence was modified i f the insects had first 
experienced menthol at some time during t h e i r development. 
He was s a t i s f i e d that the modified response resulted from the 
'memory'of a l a r v a l experience, and that i t was not because of 
the persistence of l a r v a l gut contents i n the newly emerging 
adult f l y . This conciLusion was reached af t e r r e p e t i t i o n of 
an experiment f i r s t devised by Thorpe (1939). Some larvae 
were fed on minced meat which had been treated with eaimine. 
After f i n i s h i n g feeding, they were washed i n d i s t i l l e d water 
and put i n clean sawdust to pupate. A few days before 
emergence, the pupae were dissected out and examined f o r 
traces of carmine. None was found, either between the pupa 
and the puparium or ( i n the case of pupae l e f t i n t a c t ) inside 
the empty pupa cases a f t e r emergence. I t was concluded that 
the f a t e of menthol crystals incorporated i n the l a r v a l food 
was probably the same. I f so, the adult f l y could not 
experience the smell ju s t before emergence. Any modification 
of the olfactory response would therefore r e s u l t , either frcm 
the memory of a l a r v a l experience, or the toaic action of 
menthol on the sense organs of the new f l y ; the l a t t e r 
p o s s i b i l i t y does not seem to have been considered by Crombie. 

Batches of s t e r i l e larvae were raised on a s t e r i l e 
synthetic medium based on that described by Lennox (1939). 
The development of the breeding medium i s described i n the 



2-7. 

Appendix, together w i t h the breeding technique, and the 
method used t o obtain menthol-fed larvae. 

After the feeding period, both types of larvae were 
hand-sorted from the medium fla s k s , and 50 from each group 
k i l l e d by immersion i n 20 ml. absolute alchhol. These were 
then groimd down i n a mortar and the mixtures centrifuged to 
b r i n g dovm the s o l i d . Menthol i s o p t i c a l l y active, v/ith an 
angle of r o t a t i o n of - 50.1 at 18°C. so that i t s presence can 
be detected using a polarimeter. The extracts frcm larvae 
fed on p l a i n blood medium, and from larvae fed on the menthol 

medium both showed a negative r o t a t i o n i n the polarimeter. 
However, the r o t a t i o n frcm the extract of menthol -fed 
larvae was twice that obtained from the controls, and t h i s 
was taken as an i n d i c a t i o n that menthol v/as present i n f u l l y 
fed larvae which had been reared on a menthol medium. 

The Responses of Menthol F l i e s . 
Pupa cases from newly emerged f l i e s were collected 

f o r tests i n the Y-tube olfactometer. One batch of f l i e s 
had passed i t s l a r v a l l i f e on a menthol blood medixmi, and the 
other (control) batch had been reared on a p l a i n blood medium. 
The tests were made very soon a f t e r emergence, and the 
readings obtained are recorded i n Table 9. A few days 
l a t e r , th^upa cases were washed under running water, and dried, 
between f i l t e r papers, i n an oven at 28°C. They were once 
again placed i n the olfactometer and a series of f l i e s put 
through the apparatus. The results are given i n Table 10. 
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Both Tables indicate ( i ) that newly emerged f l i e s are 
repelled frcra t h e i r ovm and other pupa cases and ( i i ) that 
the subsequent v/ashing and drying removes the repellent factar 
from the pupa cases. Later experiments (see Part 11) 
hoT/ever did not confirm these res u l t s , and so, althoiagh they 



suggest a factor of b i o l o g i c a l inrportance, i t would be unwise 
at t h i s stage to place imich reliance on them. 

I n another attempt t o observe a modification i n the 
menthol re^pnse, the olfactometer was run with a 50% menthol 
concentration entering one li i | i b , and a p l a i n a i r stream, the 
other. The i l l i m i i h a t i o n was reduced to 0.6 m.c. and 
favoured the menthol limb - these were the conditions which 
produced an increased response t o menthol i n sane of the 
e a r l i e r experiments. Three groups of f l i e s , each one of 
which had passed i t s l a r v a l l i f e i n a di f f e r e n t raediim, were 
tested, and the re5)onses obtained are given i n Table 11. 

TABLE 11 
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From the Table, a l l the groups were d e f i n i t e l y , i f not 
equally repelled from the menthol air-stream. There i s no 
suggestion that a modification of the olfactory response 
occurred i n the f l i e s which passed t h e i r l a r v a l l i f e on a 
menthol mediiam. 



I n concluding the tests on specially bred larvae and 
adults, the only information olDtainable from the experimental 
r e s u l t s was the suggestion of the repellent factor associated 
w i t h the pupal cases. I f any modification of the olfactory 
response occurred, i t was not apparent and not detected hy 
the apparatus i n use. 
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1. The setting up of a Y-tulDe olfactometer, similar to 
that used "by other workers, i s described. 

2. Conditions w i t h i n the Y-tuhe were observed using 
aramonixjm chloride and nitrogen dioxide. I t v/as concluded 
that inside the apparatus the 2 air-streams were greatly 
confused, and that no clear-cut choice was available t o 
the f l i e s . 

3. An attempt i s described to repeat experiments carried 
out on the bl o w f l i e s L. sericata and C.erythrocephala by 
Crombie (1943), i n a similar apparatus, based on the 
repellent e f f e c t of menthol. 

4. Experiments are q.uoted i n which an e f f o r t was made to 
modify the re^onse of adult L. sericata by breeding the 
larvae on a menthol medium. No suggestion of 
modification having occurred i s apparent from the results. 

5. The responses of newly-emerged f l i e s to t h e i r own and 
other pupa-cases are investigated. An apparent 
repellence exists i n the re s ; i l t s , but these are of 
doubtful value because of the uncertainty attaching to 
the r e l i a b i l i t y of the olfactometer. 
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P A R T 2 

THE CHARCOAL CHOICE- CHAMBER. 
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1. THE DEVELOPMENT OF A HEW TECHNIQUE. 
An apparatus which would present a clear-cut choice to 

insects was the f i r s t necessity i n a new approach to olfactory 
studies. This, together w i t h the requirements of an 
olfactometer outlined by Hoskins and Craig (1934) were the 
factors considered i n devising the choice-chamber which was 
eventually used. 

The technique was developed from a suggestion made by 
Dr.D.L. Gunn ( i n conversation), who recommended that a method 
devised by D.P. Pielou should be used. This method made use 
of the extremely atlsorbent properties of activated-Charcoal f o r 
organic odours. The vel o c i t y of ailiso3?ption f o r gases i s very 
high, and f o r the purposes described i n t h i s work may be 
regarded as instantaneous (Stewart 1922, and Thorpe and 
Whiteley 1938). 

When the suggestion was f i r s t adopted i n Durham, several 
methods of incorporating the charcoal i n an apparatus were 
considered. It'was placed i n dishes of varying size w i t h i n 
a c i r c u l a r glass tank. Odo\irous material was placed i n a 
sim i l a r container adjacent to i t , so that an olfactory gradient 
was set up w i t h i n the apparatus. D i f f i c u l t i e s arose because 
of the large space which lay between the test dish and the 
charcoal dish. W i l l i s and Roth (1950) faced a similar problem 
i n olfactory and humidity studies, where the apparatus used 
was a modification of the iSTenturi-type olfactometer described 
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by Dethier (1947). Part of the modification consisted i n 
reducing the size and a l t e r i n g the shape of the insect cage to 
conform closely to the shape of the two ports through which 
test air-streams entered to reach the insects. This reduced 
the 'neutral area' and meant that a larger proportion of the 
insects responded t o one port or the other. There remained, 
however, three possible choices, and the intermediate 'neutral' 
area had to be allowed f o r i n calculating the insect response 
Elimination of the central area thereby providing a simple 
choice was achieved i n the Durham apparatus by replacing the 
separate dishes by a c i r c u l a r t r a y , divided across i t s 
diameter i n t o two compartments, (see description of the 
apparatus). This arrangement provided a very simple choice-
chamber contd. ning two d i s t i n c t areas across which an olfactory 
gradient could be set up, under the glass roof. 

APPARATUS The charcoal choice-chaniber (see Pig.l) 
consisted of a c i r c u l a r glass tank (T), 29 cm. i n diameter and 
12 cm. deep. A perspex tray (P), 28.5 cm. i n diameter and 
2 cm. deep, f i t t e d w i t h i n the glass tank and rested on wooden 
blocks so that i t was 1 cm. below the top of the tank. The 
t r a y was divided across i t s diameter by a t h i n s t r i p of perspex 
i n t o two shallow compartments. A known quantity of t e s t -
material was spread over one h a l f of the tray (Sb) and the 
other h a l f (C) was f i l l e d w i t h activated charcoal. Over the 
t r a y , and f i t t i n g t i g h t l y w i t h i n the glass tank, rested a 
muslin f l o o r (M) held taut by a pair of t h i n metal hoops, 
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si m i l a r t o those used by Wigglesworth (1941). The whole was 
covered by a plate of glass (L). A space of 2 cm. existed 
between the muslin and the glass top - s u f f i c i e n t t o permit 
a f l y to move about f r e e l y and even make short f l i g h t s . The 
l i g h t soxirce (S) was a 40 Watt Argent a-type lamp, unshaded 
and plugged i n p o s i t i o n exactly over the centre of the 
apparatus. Argenta bulbs were used because they provided 
more uniform l i g h t than ordinary bulbs whose filaments may 
be asymmetrical. 

METHOD. The apparatus was used i n a constant 
temperature room which provided, \mless otherwise stated, a 
temperature of 25°C, and usually 55% - 60% r e l a t i v e humidity. 
During experiments the only f o m of ill\jmination was the l i g h t 
source already described. A l l the f l i e s used i n the work 
were bred and maintained i n another, similar, constant 
temperature room. 

I n the early t r i a l runs, batches of ten insects were 
introduced into' the Apparatus and t h e i r positions recorded at 
1 or 2 minute i n t e r v a l s over a given period. But with an 
a t t r a c t ant i n the choice-chamber, many of the f l i e s became 
excited and j o s t l e d one another v i o l e n t l y , so that some 
uncertainty attached t o the results. The recorded positions 
were often a matter of chance upset and not of deliberate 
choice. Eventually the method suggested by Hafez (1950) of 
observing an in d i v i d u a l i n the arena was adopted. The response 
was obtained by timing w i t h a stop-watch the periods passed 
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i n one h a l f of the apparatus. This method brought out 
c l e a r l y the variations i n behaviour which exist between 
individuals of the same, supposedly homogeneous, population. 

The apparatus was set up f o r one minute before the 
introduction of the f l y . This was achieved by s l i d i n g the 

glass roof aside to allow the i n s e r t i o n of a small glass tube 
containing the insect. The tube was withdrawn immediately 
and the roof moved back i n t o position. One minute elapsed 
before readings began, and during t h i s time the f l y moved 
about the chamber. Then two minutes af t e r setting up the 
olf a c t o r y gradient, readings were begun and lasted f o r ten 
minutes. At the end of t h i s time the f l y was removed, and 
the apparatus reset f o r the next one. 

Readings taken from the responses of ten individual f l i e s 
made up a single experiment. Table 1. reproduces a t y p i c a l 
score-sheet on which the readings were recorded alongside the 
apparatus. The p o s i t i o n of the insect was recorded at h a l f -
minute i n t e r v a l s by a plus sign i n the column of the sheet 
which corresponded to the h a l f of the arena occupied by the f l y . 
The actual number of seconds passed i n the charcoal half of 
the apparatus was recorded i n the column marked 'T'. . The 
sum of these readings f o r each i n d i v i d u a l , by subtraction 
from the t o t a l time of 600 seconds, gave an expression of the 
attractiveness of the odourous ha l f of the chamber. The sum 
of the positions on the two sides gave an approximation of the 
behaviour response, but, as can be seen from the table, more 
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accui?ate resialts were obtained from readings of the actual 
times. These brought out the variations between the 
individuals mentioned above. 

From the score-sheets, the mean response of a group of 
ten f l i e s t o the t e s t material was calculated, together with 
i t s standard error. On the advice of Mr. D.J. Finney, 
Lecturer i n the Design and Analysis of S c i e n t i f i c Experiment, 
Oxford, the responses of any two groups were compared 
s t a t i s t i c a l l y by a ' t ' t e s t , which i s available f o r samples of 
as small a number as ten. The ' t ' t e s t used v/as that described 
by Garrett (1951) f o r t e s t i n g the r e l i a b i l i t y of the difference 
between the means i n small independent samples. 

When i t became necessary or desirable to raise the 
humidity w i t h i n the apparatus, a damp muslin f l o o r replaced 
the usual dry one. This was washed with soap and warm water 
and rinsed thoroughly between tests. 

To eliminate bias the apparatus ¥/as reversed after f i v e 
readings from each sanple had been taken. A series of 
responses observed v/hen the apparatus was run with charcoal 
on both sides, showed that the f l i e s divided t h e i r time equally 
between the two. I t was therefore asaimed that the apparatus 
was uniform i n i t s effect on the insects. 

Since the experiments done i n the charcoal choice-chamber, 
an olfactometer has been devised by Varley and Edwards, (1953). 
I t i s very similar i n providing a gradient across which the 
insect i s free to move while i t s behaviour i s timed. There 
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also appears to be an advantage i n that a moving air-current 
i s available, i n which the insect may orientate i t s e l f . 
I t i s possible, however, that i f the glass chamber were 
adapted f o r blov/fly studies, the increase i n size might 
create d i f f i c u l t i e s i n maintaining a smooth air-flow, as i t 
di d i n the case of the Y-tube olfactometer. The requirements 
of the experimental animals, appear t o be met by the charcoal 
choice-chamber and no immediate advantage i s apparent i n 
the Varley-Edwards olfactometer. 
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2. RESPONSES TO MEAT. 
The attractiveness of a standard quantity of raw meat 

v/as measured i n the choice-chamber. 
Plies of seven types were tested and are l i s t e d below. 

They were taken from cultures which had been i n lay about 
3-7 days. Meat, sugar and water were available daily. 
The meat used i n the tests was 5g. raw ' l i g h t s ' . A uniform 
humidity was maintained by a damp muslin f l o o r . Conditions 
were therefore standardised as f a r as possible, so that any 
variations a r i s i n g could be at t r i b u t e d to essential 
differences between the f l i e s . 

The insects tested were: 
( i ) L u c i l i a sericata (Mg). B r i t i s h , 

( i i ) L u c i l i a i l l u s t r i s (Mg). " 
( i i i ) Calliphora erythrocephaia ( L ) . " 
4lv) L u c i l i a cuprina (Wied). Australian. 
^.v}. L u c i l i a sericata (Mg). " 

( v i ) L u c i l i a sericata (a) (Mg). Danish countryside f l i e s , 
( v i i ) L u c i l i a sericata (b) (Mg). Danish c i t y f l i e s . 

The responses obtained are recorded i n Table 2. 
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A l l the samples show a positive reap onse t o the meat 
despite the fact that i t had been available daily. 

The B r i t i s h L. sericata and Australiaji L. cuprina are most 
strongly attracted. The response shown by these two species, 
Y/hile not s i g n i f i c a n t l y d i f f e r e n t from the others, shows a 
marked divergence. I n the f i e l d , a l l the Calliphorine species 
are attracted t o , and feed, on meat or carcasses. Yet a 
selection of these species, reared under i d e n t i c a l laboratory 
conditions and presented w i t h a standard quantity of raw meat, 



does not respond i n a completely uniform manner. There appears 
t o be a na t i i r a l d i v i s i o n i n t o two groups, and the one which 
shows the higher response ccaiiprises the two species of blowfly 
which are the acknowledged sheep-pests of t h e i r respective 
countries. The other species appear to be much less specific 
i n t h e i r habits and feed and breed on small carcasses. 
Liebermann (1925), i n correlating olfactory organs with 
biology i n the Muscids, attempted to show that f l i e s which 
have highly specific feeding or breeding habits possess more 
numerous and more complex sensory p i t s i n the antennae, than 
species whose habits are not so c l e a r l y defined. Again, 
Hobson (1938) commented on the 'keen scent' possessed by 
female L. sericata. r e l a t i n g i t to the speed with which they 
f i n d t h e i r way to a t t r a c t i v e sheep. I t i s possible, therefore 
that B r i t i s h L. sericata and Australian L. cuprina possess more 
e f f i c i e n t olfactory apparatus than the other species studied-
more e f f i c i e n t , not necessarily i n numbers of sensory p i t s , 
but i n t h e i r s e n s i t i v i t y . 

These early experiments are of interest chiefly because 
they serve to establish the fact that an apparatus had been 
devised i n which f l y behaviour could be observed and recorded, 
as the f l y moved f r e e l y about the arena. Having foiind a 
satisf a c t o r y technique, fu r t h e r attenrpts were made to check 
the conclusions of Grombie (1944). 
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3. MEITTHOL EXPERIMTS. 
The f i r s t attempts t o obtain menthol responses were made 

using 1 or 2 g. pure menthol crystals i n the t e s t - h a l f of the 
choice-chamber. Most of the f l i e s tested became t o t a l l y 
inactive a f t e r the f i r s t few minutes i n the arena, s e t t l i n g 
over the charcoal and remaining there without further 
movement.\intil taken out of the apparatus. I t was obvious 
that a high concentration of menthol or of any similar 
substance was unsuitable f o r use, especially w i t h i n an 
apparatus which contained only a small free air-space. 
Eventually i t was found that a ^ i t t l e as 0.2 g. menthol crystals 
worked very w e l l i n the choice-chamber, producing clear-cut 
avoidance responses and yet not i n h i b i t i n g the a c t i v i t y of the 
f l i e s . For t h i s reason, a r e p e t i t i o n of Crombie's f i r s t 
group of experiments, namely those i n which he balanced a 
varying concentration of menthol against a fi x e d i n t e n s i t y of 
il l u m i n a t i o n , was impossible. But since there existed the 
consideration, as many other workers have pointed out, that 
high concentrations of i r r i t a n t s must of necessity produce 
questionable results i n behaviour studies, a r e p e t i t i o n seemed 
hardly necessary. There was an advantage i n the use of the 
lov/(0.2^) concentration from the point of view of the 
conditioning experiments already attempted (see Part l ) . 
0.2 g-menthol v;as the concentration used i n the breeding 
f l a s k s . I t would now be possible to test f l i e s f o r a 
possible modification of the olfactory response i n the 



conditions under which the attempt at modification was made. 
This had not "been possihle using the Y-tulae, since a 0.2% 
menthol flow could not "be achieved v/ith any accuracy hy 
manipulation of the flow-meters. 

0.2 g menthol crystals make up a very small volume so 
that i t was d i f f i c u l t t o arrange them uniformly i n the apparatias 
A simple experiment "balancing powdered chalk against activated 
charcoal showed that the f l y response to these materials 
remained unlDiased. • I t was therefore possible t o use chalk 
i n the 'test' h a l f of the choice-chamber as a neutral "base 
f o r the menthol crystals. The l a t t e r were ground i n a mortar 
and mixed thoroughly i n t o three or four grams of chalk. 
This mixture was then spread out to cover one half of the 
tr a y w i t h i n the apparatus. 
Sex-Difference i n Response t o Menthol. I n the course of 
experiments w i t h the normal laboratory cultures, i t "became 
apparent that the males of L. sericata are more sensitive to 
menthol than the females of the species. The large 
difference i n the mean reg) onse of the two sexes was 
consistent through 6 groups of insects which were tested to 
observe i t . The ind i v i d u a l responses of a group of 10 males 
and 9 females are recorded i n Table 3. 
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The ' t ' t est applied t o the results obtained from both 
sexes i s shown belov;. 

(NtT'- 1} = 9 
(NO - 1) = _8 

17 degrees of freedom. 
Pooling the sums of the squares of the 2 groups; 

S.D. = 
(NiT?- 1) + (N^ - 1) 

= 29.2 2751 + 11855 
9 + 8 

The standard error of the difference between the 
means = S.Ej^ 

S.D. ~ S.B D 
\1 

29.2 
90 

1 +1 

29.2 X 0.46 
13.4 

= Difference between the 2 means 
S.E. of the difference betv/een the means. 
118.7 - 65.7 

15.4 
= 4.0 

For 17 degrees of freedom, the 0.01 l e v e l f o r ' t ' i s 2.90. 
The c r i t i c a l r a t i o obtained (4.0) i s much greater, indicating 
that the difference of 55.0 seconds between the mean responses 
of the 2 groups i s s i g n i f i c a n t . I t i s therefore concluded 
th a t male L. sericata are more strongly repelled by the odour 
of menthol than the females. 

The standard errors of the 2 means shown i n Table 3 



indicate that the male sample behaved with greater uniformity 
than the females. This difference betv/een the sexes v/as not 
apparent i n the e a r l i e r experiments where the Y-tube apparatus 
was used; Grorabie did not comment on i t . 
Modification of the olfactory response: 

Some alterations were made i n the breeding technique 
described i n Part 1. The feeding medium remained the same as 
that described i n the Appendix except f o r the fact that the 
menthol was added aft e r autoclaving. 0.2 g. menthol crystals 
Y/ere ground t o powder i n a mortar and sprinkled on the surface 
of the medi\2m i n the flasks, when i t had cooled after 
autoclaving-,-- At t h i s stage i t was s t i l l l i g h t and spongy and 
could be readily broken up, so that the powdered menthol coxxld 
be easily mixed i n t o i t , A further change was that the eggs 
were hatched on meat and the maggots not put into the breeding 
fla s k s -until j u s t a f t e r the change i n t o second in s t a r , when the 
m o r t a l i t y r i s k due to the menthol would be reduced. Eggs 
destined to form control batches received the same treatment 
the second instars being put i n t o flasks containing p l a i n 
blood medium. 

I n a test to compare the mo r t a l i t y of control and menthol-
fed larvae, a known number of second instars was put i n each of 
a series of breeding flasks and the number o^^jrepupae coming o f f 
the medium, a f t e r the feeding period, was counted. The mortali"|y| 
observed was 16% i n control^ and 15% i n menthol-fed larvae. 

Using t h i s method i t was no longer p r a c t i c a l to s t e r i l i s e 



the egg batches "before hatching, hut the practice of rearing 
on a medium was continued because of i t s convenience and the 
complete uniformity i t provided. 

The conditioning treatment used i n Durham was not exactly 
the same as that described by Orombie. I t involved the 
exposure of larvae f o r progressively longer times, as well as 
at d i f f e r e n t stages i n t h e i r development. 

Batches of lairvae fed on the menthol medixam were divided 
i n t o four separate groups which received the following 
treatment. 
Group 1. After menthol feeding, these larvae were put into 
clean sav/dust and l e f t to pupate at 25^0. 
Group 2. The prepupae were removed from the breeding flasks 
and put i n t o sawdust containing 0.2 g. menthol crystals t o 
pupate. The pupae were l a t e r removed t o await emergence i n 
p l a i n sawdust. 
Group 5. The prepupae were put in t o clean sawdust to pupate. 
The pupae were l a t e r transferred t o sawdust containing 0.2g. 
menthol cr y s t a l s , t o await emergence into a mentholated, 
atmosphere. 
Group 4. These prepupae pupated i n and emerged into a 0.2% 
menthol atmosphere. 

Separate control batches corresponding to a l l the 
experimental groups were reared on p l a i n blood medium at 25°C. 

On emergence, readings were taken i n the choice-chamber of 
the response t o 0.2g. menthol crystals i n a chalk base. The 



groups involved equal numbers of males and females as f a r as 
i t was possible. I t i s interesting t o note here that no 
difference was apparent between the sexes af t e r menthol 
treatment, so that the fact that the sexes were not exactly 
balanced was unimportant. The numbers of males and females 
were alv/ays balanced i n the experimental group and i t s 
corresponding control. 
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Table 4 summarises the experiments and records the results 
obtained. Modification of the normal response to menthol 
occurred i n a l l 4 groups increasing with the duration of the 
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treatment and the stage at v/hich i t v;as experisnc^d, as shown 
by the increase i n the value of ' t ' . The results suggest 
that adults emerging i n t o a mentholated atmosphere shovir the 
most marked modification. Experimental d i f f i c u l t i e s , i n the 
form of the l e t h a l effect of menthol on newly-emerged adults, 
resulted i n the survival of only one out of 4 batches of f l i e s 
thus treated. However, the results from t h i s single batch 
shov/ such a marked divergence from the control responses that 
i t seems reasonable t o explain the change i n behaviour as 
mainly caused by the emergence into a menthol atmosphere. 

Crombie i n t e s t i n g his conditioned f l i e s used a 2% menthol 
a i r flow and a very dim l i g h t . ALl the f l i e s which had 
encountered menthol either during feeding or pupation, or 
emergence developed a tolerance of i t . By 'tolerance' i s 
meant an approximately even d i s t r i b u t i o n of f l i e s i n each arm 
of the Y-tube. 

I n Durham the conditioned f l i e s d i d not show a chance 
d i s t r i b u t i o n betv/een the 2 halves of the apparatus. They 
continued to be p o s i t i v e l y repelled by 0.2% menthol, but the 
degree of repellence was s i g n i f i c a n t l y less than that shovm 
by non-conditioned f l i e s . 

The apparatus and method used faade i t possible to 
observe the behaviour of individuals i n addition to that of 
the ¥;hole sample, and from the former i t was clear that some 
f l i e s actually d i d become tolerant of the 0.2% menthol 
atmosphere, d i v i d i n g t h e i r time f a i r l y equally betv/een the 2 
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halves of the choice-chamber. I n Group A, a single f l y i n 
each sample showed t h i s modification t o tolerance; 4 such 
f l i e s existed i n Group B and 3 i n Group G. There was not a 
single example of tolerance among the control f l i e s . The 
standard errors of the means of the menthol samples would, 
under other circumstances, make t h i s clear, because they are 
i n e f f e c t a measure of the d i v e r s i t y of the sample - a wide 
divergence i n behaviour being indicated by a correspondingly 
large standard error. But because of the difference between 
the sexes v/ith regard t o menthol (see Table ,3) the standard 
errors of the means of the control batches are large too, so 
that the 2 groups cancel each other out but f o r d i f f e r e n t 
reasons. I t i s of interest to refer back t o Crombie on t h i s 
point. Proiu his experiments he retained those f l i e s which 
selected the menthol side and those which chose the blank , 
and tested the 2 groups separately afterwards. There was a 
marked difference i n behaviour between the tv/o, the menthol 
sample s t i l l selecting the menthol limb (but not 100% selection) 
and the 'blank' sample continuing t o avoid i t . This showed 
that although the population i n the olfactometer had appeared 
t o l e r a n t , each i n d i v i d u a l f l y was not necessarily so. The 
menthol treatment had, therefore, divided thepopulation into 
2 groups, and the w r i t e r uses t h i s fact as evidence of the 
p o s s i b i l i t y that similar circumstances may lead to the 
formation of 'biological races' (Thoi^e 1930). 

The modification of response was rapidly l o s t by the 
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Durham f l i e s , i n a matter of 3 or 4 days. Crorribie v/rites 
that " the modification of response t o the odour of 
menthol had i n almost a l l cases disappeared by the 
end of the pre-oviposition period, (approximately 6 days f o r 
L u c i l i a ) " . 

A batch of newly emerged menthol f l i e s v/as kept overnight 
i n a cage provided ¥/ith water and mentholated sugar. A 
sample of the population tested the following morning showed 
a mean response of 263.8 sees, i 14.3 t o 0.2% menthol i n the 
choice-chamber. The f l i e s were then transferred to a fresh 
cage and given p l a i n sugar and water. Four days l a t e r the 
menthol re^onse had decreased to 105.6 sees, i 9,5, A ' t ' 
t e s t applied t o the 2 groups, gives a value of 9,1 f o r ' t ' , 
v/hich i s highly s i g n i f i c a n t at the 0,01 l e v e l . 

I t was concluded that i t i s possible t o giodify the 
olfactory responses of L.sericata to menthol by feeding the 
larvae on a menthol medium. There s t i l l remains, hov/ever, 
the question of how the modification occurs. Possible 
explanations include Crombie's conclusion that the memory of 
a l a r v a l experience survives metamorphosis; or that 
mentholated material from the l a r v a l gut persists inside the 
pupa cases to be experienced by the adult just before 
emergence. A t h i r d p o s s i b i l i t y i s that substances l i k e 
menthol produce a toxic effect i n the developing sense organs. 
This explanation does not seem to have been considered by 
Crombie,;;although he recorded that more than 2% menthol 



probably produced an i r r i t a n t e f f e c t , thereby tending to 
obscure the olfactory responses. Thorpe's experiment with 
carmine tends to remove the second p o s s i b i l i t y , i f i t i s 
assumed, as Grorabie assumed, that the fate of menthol w i l l be 
the same as that of carmine. 

To investigate t h i s , a f u r t h e r attempt was made to obtain 
a response from the f l i e s to empty meiitholpapa cases. A 
large batch of larvae v;as fed on menthol blood medium and 
Y/ashed under running water before being put i n clean sawdust 
to pupate. The empty pupa cases were collected after two 
day's emergence had taken place, and about 400 of them put i n 
the charcoal choice-chamber. Responses were obtained from 
newly emerged, unfed, f l i e s . The behaviour of both types of 
f l y t o the alleged menthol pupa cases was unbiased; the mean 
response i n the case of the menthol-fed insects was 316.9 ± 
12.0 sees, and 309.2 t 10.3 sees f o r the controls. The 
response of both types of f l y to empty control pupa cases 
was s i m i l a r l y xmbiased. A r e p e t i t i o n of the experiments 
produced the same results. Since control f l i e s are repelled 
by as l i t t l e as 0.02% menthol i n the choice-chamber, i t seems 
reasonable to assume that menthol was not persisting i n the pupa 
cases. I t appears therefore that the modification of the adult 
response i s d i r e c t l y associated with conditions experienced 
during development. A change i s produced i n theorganism v/hich 
can be measured i n the adult stage. But, p a r t l y because of the 
i r r i t a n t properties of menthol, and p a r t l y because the 
modification of response to i t i s so transient, i t seems 



highly probable that the altered reg)onse may result from 
a teniporary toxic effect which disappears very soon after 
removal from contact w i t h the i r r i t a n t . 



4. CHEMICAL ATTRACTANTS IN THE! .LABORATORY. 
"The method of t e s t i n g attractant solutions i n the choice-

chamber was by absorbing a known qxiantity of a solution of 
known strength on a c i r c l e of f i l t e r - p a p e r . This was then 
placed i n the 'test' h a l f of thepplastic tray. This method 
was suggested by Wigglesv/orth (1941), and Hafez (1950). A 
damp muslin f l o o r was necessary to ensure symmetry w i t h i n the 
apparatus. I n t e s t i n g f o r bias, a f i l t e r - p a p e r saturated 
w i t h d i s t i l l e d water was used, L,sericata showed a random 
d i s t r i b u t i o n i n the arena under these conditions. 

These experiments w i t h chemical attractants formed part 
of a very general preliminary survey o^ laboratory behaviour. 
They were not pursued i n any d e t a i l . The f i r s t chemical 
t e s t s were made observing the responses of gravid female 
L. sericata to a 0.002% indole solution. Once again, the 
r e l a t i v e l y small, free, air-space had to be allowed f o r , 
because what was apparently alcoholic anaesthesia affected 
the f l i e s w i t h i n a few minutes of t h e i r being put i n the aT.ehaw; 
A second 0.002% indole solution, made up with a minimum amount 
of alcohol, stimulated a c t i v i t y i n the insects. As other 
workers have observed, the best responses were obtained from 
f l i e s which had been meat-starved f o r twenty four hours or 
more before the t e s t s . Both male and female f l i e s were 
observed. Males were not attracted t o the indole, and showed 
a random d i s t r i b u t i o n i n the apparatus; gravid females a l l 
gave a pos i t i v e response, the mean a t t r a c t i o n being 55% 
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Hobson (1936 and 1937) found that indole i n conj\inction 
w i t h ammonium carbonate i s an active stimulant to oviposition 
when i t i s placed on sheep. Cragg (1950), extended Hobson's 
studies by showing that indole by i t s e l f can stimulate both 
a t t r a c t i o n and oviposition. I t s role,however, i s essentially 
that of enhancing the already a t t r a c t i v e properties of other 
materials, and i n these circumstances i t s own a c t i v i t y i s 
increased. I n behaviour studies, i t has always been 
associated w i t h the induction of oviposition. I t i s 
therefore i n t e r e s t i n g that i n the experiments i n the choice-
chamber, male f l i e s made no response t o the indole side of 
the apparatus. 

A d i l u t e ammonium hydroxide solution ( l ml. concentrated 
ammonia (s.g, =.880) i n 1000 ml d i s t i l l e d water) attracted 
both male and female f l i e s i n the choice-chamber - male 
L. sericata 58% and gravid females 61%. 

Ammonium hydroxide has proved an e f f i c i e n t attractant 
when used on sheep i n the f i e l d . Hobson (1935) succeeded i n 
ge t t i n g f l i e s to oviposit on pads saturated with 5% aramoniim 
hydroxide. Later work, however, has not supported the 
presence of an oviposition stimulus w i t h t h i s chemical by 
i t s e l f , although Cragg (1950), found i t a powerful attractant 
which i n conjunction w i t h other compounds would induce 
oviposition. I n the laboratory, as i n the f i e l d , i t acted asan| 
attractarlt f o r both sexes. 

Neither oviposition nor attempts to oviposit were 
recorded during these tests i n the choice-chamber. The damp 
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f l o o r produced periodic extensions of the proboscis as i t 
usually does, even when the apparatus i s run 'blank' but 

or 
the ovipositieafi was not extruded. 

Some fur t h e r attempts were made to induce a t t r a c t i o n and 
ovipos i t i o n by exposing chemical compounds inside a cage of 
L.sericata i n the constant temperature room. Pads of cotton 
wool saturated w i t h 25 ml. of an attractant mixture were 
placed i n small flasks i n the cage. On sane occasions, the 
flasks were placed i n an e l e c t r i c a l heating device, 
thermostatically controlled, so as to raise the te]!i5>erature 
of the f l a s k and i t s contents t o 37°C - the temperature 
encountered on the fleece imder summer conditions when blowfliesi 
are attracted to sheep. Attractants arranged thus were 
exposed either heated or unheated f o r varying periods and the 
f l y a c t i v i t y w i t h i n the cage obseirved. 

A mixture of 1.0% ammonium carbonate and 0.0^ indole 
heated t o 37°C was exposed i n a cage containing gravid females 
f o r 2 hours. I t attracted both sexes and many of the f l i e s 
alighted and walked about on the cotton wool pad. There was 
no oviposition. Fresh meat put i n the cage immediately af t e r 
the removal of the attractant was oviposited on freely w i t h i n 
60 man, A mixture of 2.0% ammonium carbonate and 0.04% 
indole exposed at 57°C produced the same ef f e c t ; there was a 
great deal of a c t i v i t y , but no oviposition. 

A further mixttire, 1.0% aramonixam carbonate, .02% indole, 
.002% ethyl mercaptan, also proved a t t r a c t i v e to the f l i e s . 



Fourteen t r i a l s were made exposing i t i n the cage at 37°C and 
f i v e at 24*̂ 0, the normal temperatiire of the C.T. room. Only 
on 5 occasions was oviposition induced, 4 of them on the 
heated attr a c t a n t . A l l were single, isolated batches. When 
meat was put i n the cage between experiments, the f l i e s l a i d 
large n\imbers of egg batches on i t w i t h i n comparatively short 
spaces of time. And on the days when i t was put i n f o r 
feeding purposes only, i t could not be l e f t f o r more than 20 
min. without eggs being deposited on i t . Eggs were never 
l a i d on an attractant pad i n less than l-g-^usually 2 hours. 

I t i s apparent that under laboratory conditions, as i n 
the f i e l d a d i s t i n c t i o n exists between the a t t r a c t i o n and 

oviposition s t i m u l i . . This separation of the 2 was made 
f i r s t by Hobson (1938) and emphasized by Cragg (1950). As 
already described, the f l i e s were d e f i n i t e l y attracted to 
chemical compounds exposed inside the cages, but only rarely 
was oviposition induced, despite the fact that the females 
were gravid and would oviposit readily on meat when i t was 
provided. The essential oviposition factor, or, what i s 
more l i k e l y , combination of factors was absent. 

Cragg and Thurston (1950) studied the reactions of blow
f l i e s t o chemical attractants exposed i n the f i e l d but not 
associated w i t h sheep. The materials used v/ere known to 
induce oviposition when they were used on sheep, and the 
t e s t s , f o r the most pa r t , were carried out on days when 
climat i c conditions favoured blowfly a c t i v i t y . Oviposition 
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was recorded i n only 19 out of 156 tests - always associated 
w i t h indole, and on both cotton wool and sheep wool pads. 
The numbers of eggs l a i d were small. The writers put forward 
the view that the f a i l u r e to stimulate oviposition was related 
t o the low temperature at which the materials were exposed, 
. a view also suggested by Mackerras and Mackerras (1944) i n 
similar experiments w i t h L.cuprina. The present experiments, 
using a heated at t r a c t a n t , were tindertalcen to investigate the 
importance of temperature. Cragg (unpublished data) has 
proved that temperature i s important under f i e l d conditions. 
That i t plays some par t , i n the laboratory as i n the f i e l d , i g 
indicated by the fact that the percentage oviposition recorded 
on the heated attractant (28.5%) considerably exceeds that 
recorded by Cragg and Thurston using unheated attractants i n 
the f i e l d (12%). But from the r e s u l t s , i t could not be 
claimed that a heated attractant by i t s e l f induces oviposition. 
I t therefore seems probable that the oviposition stimulus 
depends on the i n t e r a c t i o n of several factors, including 
possibly a t a c t i l e response, (Hobson 19-38) and/or a humidity 
response as wel l as the response to temperature. The cotton 
wool pads used i n the experiments descilbedj were usually 
saturated, w i t h free l i q u i d on the exposed surface. And while 
95% - 100% r e l a t i v e humidity i s suitable f o r hatching the eggs, 
and although female L,sericata are said to occasionally ovipasit| 
arouhdd the edge of t h e i r drinking vessel, they do not appear 
t o lay eggs on a wet surface. I t i s therefore s\iggested that 
the oviposition response could be i n h i b i t e d by an unsuitable 
hTomidity factor. 



5. THE RESPONSES OF BRITISH L, serlcata TO SAMPLES OP FLEECE. 
I t has "been shov/n that under f i e l d conditions, a moist 

clipped fleece treated with chemical attractants w i l l a t t r a c t 
f l i e s and induce them t o oviposit (Cragg and Ramage 1945). 
This i s proof that the a t t r a c t i o n of f l i e s to sheep i n the 
f i e l d , i s not necessarily dependant on a l i v e sheep factor, 
as was suggested hy Hohson (1935). 

Some experiments w i t h females of L. sericata were carried 
out, t o observe whether f l i e s from the laboratory cultures 
would respond t o d i f f e r e n t samples of fleece without the 
addition of chemical attractants and under laboratory conditions 

Part of the v/ork was done i n January, so that sanples of 
winter fleece from half-breed sheep at Houghall Farm, Co. 
Durham, ¥/ere available at the time of the experiments. 
Samples of a similar summer fleece had been obtained fran the 
same source. Merino and Oxford Down fleece, both raw and 
scoured, were supplied by the Wool Research I n s t i t u t e at Leeds. 
The e f f e c t of r e l a t i v e humidity on the response was observed 
using a damp muslin f l o o r inside the arena. 
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Table 5 records the mean responses of groups of 10 
in d i v i d u a l f l i e s t o the d i f f e r e n t samples under d i f f e r e n t 
conditions. i t i s c l e a r l y seen that samples of fleece 



presented to females of L. sericata i n the laboratory behave 
as an attractant to the insects. This i s of further interest 
when i t i s remembered that the samples of Merino and Oxford 
Down type fleece were not freshly clipped from sheep and had 
probably been i n store f o r a considerable time. The samples 
obtained l o c a l l y had been recently removed from l i v i n g sheep. 
A quantity of fleece which had l a i n i n a cupboard i n the 
laboratory f o r about 2 years was tested i n the choice-chamber 
and found to be s t i l l a t t r a c t i v e to L. sericata. Samples of 
scoured wool of both Merino and Oxlford Down types also proved 
a t t r a c t i v e but to a considerably lesser extent. An average 
a t t r a c t i o n of 59% (v/hich i s s t a t i s t i c a l l y s i g n i f i c a n t ) was 
obtained f o r the scoured fleece. But the standard error of 
the means was large i n every case (of the order of 22 or 23) 
and t h i s indicates a wide v a r i a t i o n i n the individual responses 
obtained. 

Some sanples of the Houghall Farm fleece were washed i n 
water, soap and water, and ether. The mean response of a 
group of 10 females to the v/ater-washed fleefie was 376.8 sec. ± 
14.2; t o the soap and water v/ashed sample i t was 376.5 sec. i 
14.5, i . e . about 63% a t t r a c t i o n . Even washing i n ether did 
not wholly remove the attractiveness of the sample of fleece. 
I t seems reasonable to conclude from these results that the 
essential a t t r a c t i v e quality of fleece, which has now been 
established under laboratory conditions, i s not dependent on 
the presence of t h ^ l i v i n g sheep. This i s confirmed by tlE 



work of Cragg and Ramage, already quoted, i n the f i e l d . Nor, 
i t appears, i s the attractant power destroyed "by storage, nor 
"by washing w i t h soap and v;ater which removes s o i l i n g and other 
possibly a t t r a c t i v e elements from the surface of the wool 
f i b r e s . Suint i s defined by Preney (1934) as 'those 
substances i n raY/ wool which are soluble i n warm water....' 
and, as stated above, removal of t h i s material does not 
greatly reduce the responses of blowflies to a sample of 
fleece. Other materials exist i n the wool apart from suint, 
and i t i s apparently i n these that the basic attractiveness 
of the fleece i s fovmd. Cragg and Ramage (1945) using 
unwashed and washed fleece also found that washing and storing 
does not permanently remove the wool factor. These f i e l d 
experiments, hov/ever, depended on the presence of an 
att r a c t a n t , and so are not s t r i c t l y comparable with the 
Durham laboratory experiments. But the washed fleece was 
active with regard t o blowflies when the attractant added to 
i t contained only h a l f of the normal amoimt of indole. The 
present experiments show that under laboratory conditions, 
washed fleece, without the addition of chemical attractants, 
produces an olfactory response i n L. sericata. 

The responses recorded i n Table 5 show that where equal 
quantities of fleece are used, i t s attractiveness to L.sericata 
i s not s i g n i f i c a n t l y affected by v a r i a t i o n of the r e l a t i v e 
hirnidity» w i t h i n the choice-chamber. I t i s also apparent 
that the d i f f e r e n t types of fleece available do not affect 



the insects and that they continue to respond uniformly, so 
long as the quantity being tested remains uniform. The 
exceptional res\ilt obtained f o r the sample of half-breed 
winter fleece might have been caused by contamination of the 
wool w i t h faeces or urine, A further sanple of winter 
fleece, obtained i n the following November, produced a mean 
response of 418,7 sec.i 13.3 to a 2.5 g. sample. 



6. THE PHYSIOLOGICAL STATE OF L.sericata ANDLITS EFFECT ON 
THE RESPONSES TO SAl̂ LPLES OF FLEECE. 

(a) The period from emergence to 7 days l a t e r . 
The follov/ing experiments were planned to investigate a 

possible v a r i a t i o n i n response of insects to sanrples of 
fleece, which might result from physiological differences i n 
the adult female L.sericata. The physiological differences 
involved depended on f e r t i l i s a t i o n or n o n - f e r t i l i s a t i o n , the 
degree of development of the gonads, and the presence or 
absence of a meat diet a f t e r oviposition had taken place. 

Two experiments were arranged, each involving 4 groups 
of 10 females each. The type and quantity of the fleece 
tested, d i f f e r e d i n the 2 series but was constant w i t h i n each 
one. A set of readings was obtained from each of the groups 
of f l i e s on the day of t h e i r emergence as adults - these w i l l 
be referred to as the 'emergence' responses. Further readings 
were taken, usually seven days l a t e r , when, vtnder normal 
conditions female L.sericata would be gravid and ovipositing 
f r e e l y . These l a t e r readings v / i l l be referred to as the 
'post-emergence' responses. After obtaining the 'emergence' 
responses, the flies'v;ere separated i n t o four groups of ten 
f l i e s each, which received the treatments described below. 
Group 1. 30 male L. sericata were introduced to the cage 
containing the females. This culture was fed v/ith meat, 
sugar and v;ater d a i l y , i n order to produce f e r t i l i s e d females 
wi t h f u l l y developed ovaries. 

Group. 8. 30 male L. sericata were introduced and the cultui'e 
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fed only on d a i l y sugar and water, i n order t o produce fert i l i s e d 
females with undeveloped ovaries. 
Group. 5. No males were introduced t o the cage. The females 
which comprised the culture were fed v/ith meat sugar and 
water d a i l y , t o produce u n f e r t i l i s e d females with f u l l y 
developed ovaries. 
Group. 4. No males were introduced. The females were fed 
on sugar and water only to produce u n f e r t i l i s e d females 
w i t h undeveloped ovaries. 

After seven days the groups were tested f o r t h e i r 'post-
emergence' responses. After the readings had been obtained, 
a l l the females were dissected t o determine d.hb state of the 
ovaries. 

Tables 6(a) and 6(b) record the responses obtained. '1? 
values f o r comparisons made betv/een the groups of the'post-
emergence' means are also given. 
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From the Tables, Group 1 i n both series shows an 

increased response t o the fleece i n the 'post-emergence' tests. 
An increase also occurred i n Group 2 i n the females which 
were reared without meat. Groups 3 and 4 show a fa; i l i n g - o f f 
i n the mean 'post-emergence' responses. ( t ' tests applied 
to the 'emergence' responses indicate that at the outset of 
the experimental period, a l l the groups were behaving 
s i m i l a r l y , i . e . the ' t ' value i s approximately-^0.60. 
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The same s t a t i s t i c a l treatment applied to the 'post-emergence' 
responses of the d i f f e r e n t groups shows that the absence of 
male f l i e s frbm the cultures results i n a trend towards a 
si g n i f i c a n t difference, as i n groups 1 and 3 and groups 2 
and 4; the absence of meat does not, at least at t h i s stage, 
( c . f . Groups 1 and 2; 3 and 4.) 

The results of dissections, to observe the state of 
development of the ovaries, are recorded i n the las t colimin 
of Tables 6(a) and 6(b). The indivi d u a l 'post-emergence' 
responses to the sample of fleece made by the f l i e s with 
vestigeal ovaries were 462 sec. and 521 sec. (Series A,group l ) 
and 408 sec. and 450 sec. (Series B, group 3). This indicates 
that f a i l u r e of the ovaries to develop does not necessarily, 
by i t s e l f , r e s u l t i n a blowfly which i s not attracted to fleece. 

S-uramarising the responses recorded i n the Tables, i t can 
be said that the differences w i t h i n each group between the 
'emergence' and the 'post-emergence' behaviour are not 
s i g n i f i c a n t . But differences betv/een the 'post-emergence' 
responses of groups 1 or 2 and 3 or 4 shov/ a tendency towards 
significance as seen by the increased value of ' t ' . The 
condition of vestigeal ovaries i n i t s e l f does not appear to 
be an important factor influencing the female response to 
fleece, at least during the early adult period. But a 
trend towards a s i g n i f i c a n t difference exists which suggests 
that f e r t i l i s a t i o n increases the response of female L.sericata 
to fleece. 
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6. THE PHYSIOLOGICAL STATE OF L. sericata AND:;ITS E F F E C T ON 
THE RESPONSES TO SAMPLES OF F L E E C E . 

(b) The period from oviposit ion to a time 4 weeks l a t e r . 
For these experiments, f l i e s were selected from a 

standard laboratory culture which v/as newly i n lay, i .e. about 
6 days after t h e i r emergence as adults. The cult\ire had been 
fed d a i l y on raw meat. The selected f l i e s v/ere divided in t o 
three groups, including botaa males and females; ten females 
i n each group were marked wi t h spots of aluminiiam paint, so 
that i d e n t i f i c a t i o n f o r the successive experiments would be 
possible. The paint-marking was finished a few hours before 
the f i r s t readings were taken t o allow f o r recovery from the 
possible effects of handling the insects. The three groups 
each received the same treatment before the experiments began 
and a comparison of the responses s t a t i s t i c a l l y shov/ed that 
a l l were behaving s i m i l a r l y . The subsequent treatment of 
each group was as follows. 
1. The f l i e s were maintained, af t e r the f i r s t experiment, 
on d a i l y sugar and water v/ith a meat meal given once each week. 
2. Sugar, water and meat were available daily. 
3. Sugar and water only were available daily. No meat 
was available a f t e r the f i r s t set of readings wasobtained. 

Readings were taken at regular intervals u n t i l the f l i e s 
were f i v e weeks old. I n group 1, two additional sets of 
readings were obtained on the days following those on which 
the weekly meat v/as supplied. I n a l l the groups, only 8 of 
the o r i g i n a l iOJ'ittarked females survived to the last experiment. 



Table 7 records the mean responses of the groups to 5g. of 
fleece i n the choice-chamber. 
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The f l u c t u a t i o n i n the response of females of Group 1 
i s c l e a r l y seen i n Table 7. I t is. accompanied by a steady 
and gradual f a l l i n g o f f , which i s interrupted by the effects 
of the tv/o meat meals which punctuated the four weeks 
experiment. These produced sane recovery i n the f l i e s ' 
behaviour towards the sample of fleece, p a r t i c u l a r l y i n the 
f i r s t instance, when the insects were .••younger. After a 
fu r t h e r eight days ?/ithout meat, however, a f u l l recovery i n 
the response appeared to be impossible and i t remained at a 
low l e v e l . The difference between the means of Group 1, 
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( i ) and ( i v ) i s 76.4 sec. which i s si g n i f i c a n t at the 0.05 
l e v e l . 

Group 2 behaviour i s the most uniform of the series. 
A small f a l l i n g - o f f i n response occurred during the second 
week and thereafter the be haviour did not. vary throughout 
the series of experiments. An important point which emerged 
was that the f l i e s of t h i s group were the most active of the 
whole series and remained so to the l a s t experiment. 

Group 3 behaviour paralleled that of group 1 without the 
fluc t u a t i o n s which had resulted from the extra meat meals 
supplied to the l a t t e r group. The same steady f a l l i n g o f f 
i n response took place, so that readings taken at the end of 
four weeks showed a decrease of 60.2 sec. The f i n a l readings 
obtained from the 3 groups are compared i n Table 7^) and the 
values derived f o r ' t ' are shov/n. 
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On the evidence of these experiments, the provision of 
da i l y meat produces and maintains i n female L. sericata a high 
l e v e l of re^onse to samples of fleece. Correlated with 
t h i s i s the greatly increased uniformity of behaviour towards 



fleece, w i t h i n the population - t h i s can be appreciated by 
comparing the standard errors of the means i n a l l 3 groups, 
p a r t i c u l a r l y at the end of the 4-week period. And, f i n a l l y , 
also the r e s i i l t of the daily meat d i e t , i t was obvious that 
Group 2 possessed considerably more v i t a l i t y than the others. 

As a res u l t of the above experiments i t v/as decided t o 
fu r t h e r standardise the treatment of cultures reared f o r 
work i n the choice-chamber. Fresh meat was provided d a i l y , 
and readings of the a t t r a c t i o n to samples of fleece were 
obtained during the f i v e or six days following the f i r s t 
signs of oviposition. 
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7. CONDITIONING EXPERIMENTS. 
A further attempt was made to modify the olfactory 

responses of adult b l o w f l i e s , by conditioning the larvae on 
l i v i n g sheep. Any modification of the response which might 
r e s u l t from a l a r v a l l i f e passed under such specialised but 
natural conditions would be of considerably greater interest 
than an altered olfactory reaction p£»oduced by contact with 
menthol. I t was possible, f o r example, that larvae reared 
on l i v i n g sheep ?/ould develop into adults with an increased 
a f f i n i t y f o r sheep. Something of t h i s idea originated with 
Froggatt and i s quoted by T i l l y a r d and Seddon (1933), 
Proggatt's theory of the development of the blowfly problem 
i n Australia, according to the above source, was that during 
a severe drought, blowflies acquired the habit of feeding on 
sheep carcasses and of ovipositing there. From t h i s 
association ?/ith dead wool, developed the a t t r a c t i o n to soiled 
wool on l i n i n g sheep. This suggests that a conditioning 
e f f e c t was active. I t should be added that Froggatt's theory 
i s largely discounted nowadays, as an explanation of the 
blowfly problem. 

Working i n cono.unction v/ith the Research Laboratories at 
Weybridge, some batches of B r i t i s h L, sericata and Australian 
L. Cuprina larvae were reared on l i v i n g sheep. When the 
maggots had finished feeding, they were removed frcra the 
sheep and placed i n peat moss. At t h i s stage, they were 
sent to Durham where they were kept u n t i l the emergence of 
the adult insects. They were then maintained as c\iltures 
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u n t i l the females were gravid, when they were put through the 
choice-chamber i n order to obtain responses to a sample of 
fleece. The control f l i e s were from two sources. Some 
were reared at Weybridge on raw l i v e r and sent t o Durham 
together with the sheep-bred prepupae. Other controls were 
provided by the laboratory cultures i n Durham, and were raiseH 
eit h e r on ' l i g h t s ' or on the fresh-blood medi-um described i n 
the Appendix. 

The material used i n the choice-chamber was, i n each 
case, 3.5g. Oxford Down fleece. 

Altogether three batches of sheep-bred L.cuprina and one 
batch of L. sericata emerged i n Durham at di f f e r e n t times. 
Controls were available f o r each batch, either from Weybridge 
or the Durham cultures. There was no significant difference 
i n behaviour between itny of the control batches, whether they 
had been fed on raw l i v e r , or ' l i g h t s ' or on the blood medium. 

A l l the cultures received da i l y meat meals. The f i r s t 
readings were taken from each group v/ithin three or four days 
af t e r the f i r s t f e r t i l e eggs were l a i d , since t h i s i s the time 
at v/hich response to the fleece has been shov/n to be most 
active. The results obtained are shown i n Table 8. 
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Of the f o u r 'conditioned' c u l t u r e s , one of L»cuprina 
was then maintained on d a i l y meat meals u n t i l i t was fo u r 
weeks o l d . Two f u r t h e r sets of readings were olDtained from 
t h i s c u l t u r e , the f i r s t a f t e r i t was three weeks o l d a i d the 
second at f o u r weeks. Readings were also olDtained from a 
c o n t r o l c u l t u r e which had received i d e n t i c a l treatment. 
Both sets of r e s u l t s are recorded i n Tahle. 9. 
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The tv/o remaining sheep-hred L.Guprina c u l t u r e s and 

the s i n g l e L. s e r i c a t a sheep-hred c u l t u r e were discarded a f t e r 

a f e r t i l e hatch of eggs was oTstained from each. These eggs 

were hatched and the maggots reared on the standard hlood 

medium t o produce groups of f i r s t generation o f f s p r i n g . 

These, when the a d u l t s emerged, were meat-fed i i n t i l 

o v i p o s i t i o n occurred, A saii5)le from each of these c u l t u r e s 

was put through the choice-chamher. Batches of eggs 

produced hy the f i r s t generation o f f s p r i n g were "bred out, 

again on the hlood medium, t o produce groips of second 

generation o f f s p r i n g . V?hen these had completed the cycle 

from egg t o g r a v i d female a d u l t , samples of them were also 

put through the dioice-chamber. As i n the; iprevious 

experiments, c o n t r o l c u l t u r e s were a v a i l a b l e which had 

received treatment i d e n t i c a l w i t h t h a t of the experimental 

c u l t u r e s . The readings ohtained are shown i n Tahle 10. 
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I n considering the r e s u l t s contained i n Tahle 8, i t can 
he seen t h a t the responses of the sheep-hred f l i e s are not 
s i g n i f i c a n t l y d i f f e r e n t from those of the c o n t r o l s . Neverthe
l e s s the values of ' t ' ohtained frcm comparisons of the 
c o n t r o l s "by themselves are of the order of 0.688 or less. 
This i s the l e v e l f o r ' t ' when P = 0.5. When t h i s i s taken 
i n c o n j u n c t i o n w i t h the r e s u l t s i n Tahles 9 and 10, i t would 
appear t h a t the "breeding of h l o w f l y larvae on sheep tends t o 
produce an increased response t o samples of fleece i n the 
a d u l t f l i e s . I t has "been suggested (Prof.J.B. Cragg) t h a t 
feeding on f r e s h sheep meat might produce a s i m i l a r e f f e c t , 
and t h i s p o s s i b l y important f a c t o r of food q u a l i t y has. not 
heen i n v e s t i g a t e d . But even i f t h i s proved t r u e , i t simply 
serves t o i n d i c a t e the p l a s t i c q u a l i t y of the f l i e s and the 
f a c t t h a t favourable l a r v a l feeding conditions may tend t o 
' c o n d i t i o n ' the a d u l t . 

Tables 9 and 9(a) i n which the behaviour of groups of 
f l i e s from two ageing c u l t u r e s i s recorded, show t h a t the 
value of ' t ' decreases as the age of the f l i e s increases, 
slowly r e v e r t i n g t o a l e v e l where i t can be compared w i t h ' t ' 
values obtainable from c o n t r o l c u l t u r e s . I f the f i r s t and 
l a s t readings from the 'conditioned' f l i e s are compared (see 
Table 9(a) ) the value derived f o r ' t ' i s 2.81, which i s very 
near the 0.01 l e v e l of s i g n i f i c a n c e . That t h i s i s not simply 
r e s u l t i n g from the e f f e c t of increased age i s shown by 
comparing the corresponding groups of c o n t r o l f l i e s where the 
value of ' t ' equals 0.65. This argues the presence of a 



f a c t o r which a f f e c t s the sheep-fed i n s e c t s when they are 
young, and which disappears as they approach o l d age. A 
s i m i l a r p a t t e r n i s evident i n the three c u l t u r e s which were 
bred out t o produce second generation o f f s p r i n g , see Table ICl 
I n these,the parent generation and the f i r s t succeeding 
generation i n each case cannot be compared e x a c t l y , e i t h e r 
w i t h t h e i r respective c o n t r o l s or w i t h the second generation 
o f f s p r i n g . The values of ' t ' obtained from the comparisons 
of these groups are given i n Table 10(a), and once again they 
show a marked decrease towards the c o n t r o l l e y e l i n the 
second generation o f f s p r i n g . 

C l e a r l y , no d e f i n i t e conclusions can yet be drawn 
concerning the e f f e c t s on adult f l i e s of a l a r v a l l i f e passed 
fee d i n g on l i v i n g sheep. I n the f i r s t place more experiments 
are necessary, and a greater number of'conditioned' c u l t u r e s 
than were a v a i l a b l e . The one immediate p o s s i b i l i t y of 
o b t a i n i n g a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i n behaviour 
from sheep-fed f l i e s might w e l l be a c u l t u r e bred c o n t i n u a l l y 
on sheep through three or f o u r generations. What can be said, 
however, as a r e s u l t of the present work i s t h a t i n sheep-bred 
f l i e s , there e x i s t s a marked tendency t o e x h i b i t a higher 
response towards f l e e c e than i s shown by the standard meat-fed 
c u l t u r e s , under the con d i t i o n s a v a i l a b l e i n the choice-chamber. 
This tendency towards d i f f e r e n t behaviour can only be the 
r e s u l t of contact w i t h d i f f e r e n t l a r v a l food m a t e r i a l and/or 
environment since i n every other d e t a i l , the breeding and 



experimental methods were i d e n t i c a l . I t can also be said 
t h a t the t r e n d towards a higher response does not remain fixeH; 
i t appears t o fade out both w i t h increasing age and a f t e r i t s 
passage through a succeeding generation. The f a c t t h a t t h i s 
i n f l u e n c e , r e s u l t i n g from 'conditioned' l a r v a e , i s s t i l l 
v i s i b l e among the o f f s p r i n g of the f i r s t generation which had 
passed t h e i r . l a r v a l existence on a blood-medium immediately 
suggests t h a t a marked divergence i n behaviour might w e l l 
r e s u l t i f these larvae had been f e d on sheep as were t h e i r 
parents. 

The question of a possible t o x i c e f f e c t , which arises 
when m o d i f i c a t i o n of the o l f a c t o r y response i s produced by 
contact w i t h menthol, does not e x i s t i n the experiments 
described. I f , t h e r e f o r e , a form of c o n d i t i o n i n g i s at 
work when b l o w f l y larvae are reared on l i v i n g sheep - a f a c t 
which cannot be p o s i t i v e l y determined without f u r t h e r work, 
but which the present r e s u l t s at l e a s t i n d i c a t e - then i t can 
be assumed t h a t the ad u l t f l i e s r e t a i n a p o s i t i v e l i n k w i t h 
t h e i r l a r v a l existence, A possible explanation of how t h i s 
occ\ars has been suggested by Professor J,B, Cragg, t o the 
e f f e c t t h a t the aiarval t i s s u e s , d\iring feeding, become 
'saturated' w i t h substances which, a f t e r metamorphosis, 
modify the responses of the adult f l y . 



8. THE COMPARATIVE RESPONSES OF DIFFERENT SPECIES OF 
BLOWFLIES TO SAMPLES OF FLEECE. 

I n t r o d u c t o r y Notes on the d i f f e r e n t species.: 

The genus L u c i l i a i s represented a l l over the world. 

Among i t s species L. s e r i c a t a (Mg), which i s cosmopolitan, and 
L.cuprina (Wied) which i s widespread i n the t r o p i c s and svib-

t r o p i c s , hoth ov;e t h e i r wide d i s t r i b u t i o n t o the agency of man 

and t o t h e i r connection w i t h sheep-farming. I t i s an 
es t a b l i s h e d f a c t t h a t L. s e r i c a t a i s a v i r u l e n t sheep-pest i n 
Great B r i t a i n , and t h a t s t r i k e s i n t h i s country, according t o 
MacLeod (1943), are due almost e n t i r e l y t o the a c t i v i t y of 
t h i s one species. From the same survey comes the i n f o r m a t i m 

t h a t together w i t h Protophormie terraenovae (R-D) females of 
the L.caesar group can act as a l t e r n a t i v e s t r i k i n g species. 
This depends on geographical f a c t o r s and also, possibly those 
of v e g e t a t i o n . L.caesar i n p a r t i c u l a r , may occur i n s t r i k e s 
i n s u f f i c i e n t l y h i g h frequency t o be of economic importance 
i n Scotland, North Wales and Northern England. L . i l l u s t r i s 
i s described as being more frequent i n lowland s t r i k e s than 
i n the h i l l s . Heather or bracken-type grazing, where they 
are a v a i l a b l e , appear t o be associated w i t h the conditions 
v/hich r e s u l t i n MacLeod's ' a l t e r n a t i v e species' s t r i k i n g . 
Cragg, i n a p r i v a t e coimiunication, reported t h a t L.caesar i n 
N. Wales i s not gene r a l l y associated w i t h sheep myiasis, and 
t h a t s t r i k e s from t h i s species occurred only on a single 
i s o l a t e d f a m , not i n v e s t i g a t e d by Maldwyn Davies i n h i s 
survey of 1934. 
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Two s t r a i n s of L , s e r i c a t a were c o l l e c t e d i n Denmark by 
Professor Cragg, One of them was trapped i n the countryside; 
the other i n a garden on the o u t s k i r t s of Copenhagen, I n 
c o n t r a s t t o the behaviour o f t h i s species i n Great B r i t a i n , 
s t r i k e s produced by i t i n the c o i i n t r i e s of the Western European 
mainland r a r e l y reach a l e v e l of economic importance. I n 
s p i t e o f t h i s , however, Cragg (1950) found t h a t the reactions 
o f Danish L, s e r i c a t a t o a t t r a c t i v e m a t e r i a l s placed on sheep 
were s i m i l a r t o those shown by the species i n t h i s country. 

The A u s t r a l i a n b l o w f l y problem involves a l a r g e r number 
of economically important f l i e s than the B r i t i s h . Two of 
the species concerned were made a v a i l a b l e by the Research 
Laboratories at Weybridge, L.cuprina, and a s t r a i n of 
A u s t r a l i a n L . s e r i c a t a . L.cuprina i s the most important sheep-
pest i n A u s t r a l i a ; L. s e r i c a t a i s economically \inimportant by 
i t s e l f , and although i t occurs i n s t r i k e s i t appears t o do so 
w h o l l y , as a secondary species, i . e . a f t e r a primary attacg 
by another f l y , u s u a l l y L.cuprina. Morphologically, the 
A u s t r a l i a n L« s e r i c a t a i s s i m i l a r t o the B r i t i s h species. I t 
i s described by Waterhouse and Paramonov (1950) as a more 
'domesticated" f l y , occunLng f o r L t l i e most p a r t i n populated 
areas and f r e q u e n t i n g the garden dumps and garbage of urban 
communities. I t i s not found i n open coTintry, The above 
w r i t e r s draw a t e n t a t i v e comparison between the h a b i t s of the 
A u s t r a l i a n L , s e r i c a t a and those of L,caesar i n N, Wales, 
based on unpublished v/ork by Cragg, 

C a l l i p h o r a species i n Great B r i t a i n occur generally i n 



lowland areas of the East and South. They occasionally 

appear i n attacks of myiasis, but do so i n very small numbers 

and are unimportant economically. 

Experimental work i n the l a b o r a t o r y : 

The b l o w f l y species a v a i l a b l e in.IXirham and t e s t e d i n 

the choice-chamber f o r t h e i r responses t o samples of fleece 

were the f o l l o w i n g : -

( i ) B r i t i s h s t r a i n of L . s e r i c a t a (Mg). 

( i i ) A u s t r a l i a n s t r a i n of L . s e r i c a t a (Mg). 

( i i i ) Danish country s t r a i n of L . s e r i c a t a (Mg). 

( i v ) Danish c i t y s t r a i n of L . s e r i c a t a (Mg.) 

( v ) L . i l l u s t r i s (Mg). 

( v i ) L.caesar ( L ) . 

( v i i ) L.cuprina (Wied). 

( v i i i ) C.vomitoria ( L ) . 

The purpose of the experiments was t o f i n d whether or 

not the responses of the d i f f e r e n t species under laboratory 

c o n d i t i o n s could be c o r r e l a t e d w i t h what i s known of t h e i r 

behaviour i n the f i e l d . The series of experiments and the 

r e s u l t s obtained are t a b u l a t e d below. 
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TABLE 11 

Ox- P i v x i 0;(-j)ftu)fj LAO rUece 

«3?-7 2131 

3»o '4l((-7 a?^ ?!* "* 

Ldlu.f>hni 3o7-6ty3 311-0 ±9-0 

3010 2 W o 

i I 



S t a t i s t i c a l comparisons of the d i f f e r e n t species are 
contained i n Tables 11(a) - 1 1 ( f ) . 

TABLE 11(a) 

F. 

1 • • • — 

, \/a.L« 

't ' 

VGl1«€ 0 ^ ' f c ' 

I 18 UOi 

1 Lsev'cCflLta. 
1 

X- /g 

0 H7 

1 Lsev'cCflLta. 
1 i f . 0 H7 

1 Lsev'cCflLta. 
1 

5. 

1 Lsev'cCflLta. 
1 

7. 

TABLE 11(b) 

0 32 
• — ' I 

F. 
^1 
' t ' 

• 

L - stritaJcQL. 

1 

3 3/ 

• 

L - stritaJcQL. 

1 
S" 

• 

L - stritaJcQL. 

1 

7 . 

• 

L - stritaJcQL. 

1 

7 . .2?*. 
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TABLE 11(c) 

S?£CIES 
VALi/E Of 'fc' 

oF 
F. '̂ P = 0O|. 

/ ? 

/? i 

M 

i 
7 1 40 ; 

s 
ii ,1 
li 

TABLE 11(d) 

V/iiu£ oF't' 

Cc>M?fl/et). i op oF 
F. ? = 0.O(, 

3 i 2 
il 1 

1 ! 4 ! i-7 1 1 
4/v> j . _^ 4/v> j . 1 f 1 

I' 

1 b 1 5--7 ! 2-^8 ^ 
1, 

; 1 ii 

i 
1 

... .^ . 1 
7 

J »• 
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TABLE 11(e) 

SPEC/£-5 

1 1 

OF 

F. 
OF 

• t ' 

«t' 

O Ol. 

1 
I 
1 

i 1 I S 2 ^ 

/ . S e r L c o b e L 

1 
2 . - * « 

/ . S e r L c o b e L 

j 
AND 

3 0 «7 

2 - 8 8 

Serccajbta.- i " ig ; i-7 2 SS 

4 1? 2-3 

7 j « 2-5' 2 ^ 8 

TABLE 1 1 ( f ) 

1 , I I • ... 

• 

COLUMNS 
of 

f . 

OP 

P=.oo| . 

i.. "ievucajfca-

ca.esa-r. 
3 5-7 2 - 8 ? 

L- scv-defiLtoL 

LLUbu-Sbris 
7 

t o 
k 

2 ^ 8 -

C.VOmiJkovuCL , 
^ 1 

7 

. . ^ J 

5 -4 , 

A 

•2 72. ' 

Summarising Tables 11 - 1 1 ( f ) , i t can be said t h a t 
L.cupilna showed no s i g n i f i c a n t response t o a sample of fleece 
unless the r e l a t i v e humidity v / i t h i n the choice-chamber was 
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a r t i f i c i a l l y r a i s e d . On the s u b s t i t u t i o n of a damp f l o o r , 

however, the responses of L.cuprina t o samples of fleece 

became s t a t i s t i c a l l y the same as those shown by B r i t i s h 

L. s e r i c a t a , see Table 11(a). L.cuprina, i n i t s n a t u r a l 

h a b i t a t , experiences semi-arid c o n d i t i o n s , where L,sericata 

p r e f e r s regions of r e l a t i v e l y h i g h h\amidity. But Mackerras 

and Mackerras (1944) have shown, w i t h respect t o L.cuprina, 

t h a t i n the f i e l d , sheep w i t h a clean dry fleece are not 

a t t r a c t i v e . Nor i s a fleece which i s s o i l e d but dry 

a t t r a c t i v e , and f l i e s are seldom observed on such. A sheep 

Y/hose f l e e c e has been t r e a t e d w i t h water i s very a t t r a c t i v e 

and o v i p o s i t i o n by L.cuprina takes place r a p i d l y on such 

animals. Samples of wet fleec e exposed under insectary 

c o n d i t i o n s also a t t r a c t e d L.cuprina and stimulated o v i p o s i t i o n , 

although t o a very s l i g h t degree. I t appears t o remain t r u e , 

t h a t i n the l a b o r a t o r y as i n the f i e l d , and under the conditions 

a v a i l a b l e i n the choice-chamber, L. cuprina never made a 

s i g n i f i c a n t response t o a dry sample of fle e c e . As soon as 

the humidity over the f l e e c e was ra i s e d f however, t h i s 

species reacted s t r o n g l y . The responses.obtained from a l l 

the L. s e r i c a t a s t r a i n s d i d not appear t o be influenced by 

e i t h e r 'danp' or 'dry' c o n d i t i o n s i n the choice-chamber. 

I t was found t h a t i n general, i n d i v i d u a l s of L.cuprina 

were more sluggish i n the apparatus than those from L. s e r i c a t a 

s t r a i n s . They had a strong tendency t o s e t t l e i n the arena, 

and moved only w i t h sudden short f l i g h t s . They appeared 
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tbo, t o p r e f e r the periphery of the arena, ¥/here the l i g h t 
was l e s s intense than i n the centre. Because of t h i s , 
some readings v/ere made w i t h a reduced i n t e n s i t y of 
i l l u m i n a t i o n . A 15 V7att lamp, dimmed by a paper shade was 
used t o l i g h t the apparatus i n the constant tenperature room. 
Under these c o n d i t i o n s , the behavioiir of L.cuprina was more 
a c t i v e than f o r m e r l y . The mean response made by a group of 
the f l i e s t o 3,5g. f l e e c e was 434.8 sec.± 11,4 - a r e s u l t 
very s i m i l a r t o t h a t obtained w i t h the o r i g i n a l b r i g h t 
i l l u m i n a t i o n . Dimming of the l i g h t made no d i f f e r e n c e i n 
the behaviour of L.cuprina t o a sample of fleece exposed 
under the 'dry' c o n d i t i o n s , and they continued t o show a 
chance d i s t r i b u t i o n i n the arena. B r i t i s h L.sericata 
observed v;ith the paper-shaded 15 Watt lamp showed a clear-cut 
change i n behaviour. The mean response of a group of these 
f l i e s t o a 3.5 g sample of flee c e was 315.0 ± 15,9 sec, which 
i s not s i g n i f i c a n t l y s e l e c t i v e f o r the f l e e c e . This r e s u l t 
can probably be explained by the f a c t t h a t the insects were 
r e a c t i n g towards the amount of a v a i l a b l e l i g h t r a t h e r than t o 
the f l e e c e . The i l l u m i n a t i o n was not q u i t e u n i f o r m l y 
d i s t r i b u t e d , and the two halves of the experiment shoY/ a bias 
to?/ards the r i g h t hand side of the arena. 

The s t r a i n of A u s t r a l i a n L. s e r i c a t a compared w i t h the 

B r i t i s h s t r a i n of the same species (see Table l l ( b ) ) i s 

s i g n i f i c a n t l y d i f f e r e n t i n behavioxir. The tv/o sets of 

responses are s i m i l a r i n t h a t the A u s t r a l i a n s t r a i n reacts 
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to fleece whether i t i s exposed under a wet or dry f l o o r , and 
i n that there i s d e f i n i t e selection of the fleece. But the 
' t ' values i n TalDle llCb) indicate that the degree of response 
i n the two strains i s d i s t i n c t l y d i f f e r e n t . 

Groups of f l i e s of the species L.caesar. L . i l l u s t r i s and 
C. vomit or i a are not attracted to samples of fleece exposed i n 
the choice-chairiber. The mean responses obtained f o r the 
groups do not diverge s i g n i f i c a n t l y from the expected 50:50: 
r a t i o . These three species are compared s t a t i s t i c a l l y with 
B r i t i s h L. sericata i n TalDle 11(c), where the increased value 
of ' t ' i s noticeable as compared w i t h the values obtained 
i n Table 11(h). 

The responses of B r i t i s h L.sericata are compared with 
those of Danish c i t y L.sericata i n Table 11(d). S t a t i s t i c a l 
treatment indicates that the attractiveness of sangjles of 
fleece f o r the two strains i s not the same. The ' t ' values 
obtained f o r a similar comparison involving the Danish 
country L.sericata show that a greater s i m i l a r i t y exists 
between the l a t t e r and the B r i t i s h s t r a i n , (see Table 11(e) ). 
That they are not s t r i c t l y coniparable i s seen from the large 
v a r i a t i o n i n ' t ' . 

Table 11(f) compares the Australian L. sericata with 
L.caesar, L . i l l u s t r i s and C.vomitoria. A clear-cut 
s i g n i f i c a n t difference exists between the two groups i n t h e i r 
behaviour towards samples of fleece. The Table shov;s that 
at least i n t h i s respect, the Australian L. sericata and 



L. Caesar cannot "be regarded as s i m i l a r i n behavioiir. 

I n general, inforaiation obtained from a study of the 
eight availalDle species i n the choice-chamber indicates that 
t h e i r "behavioiir, iinder laboratory conditions, i s very 
s i m i l a r t o that i n the f i e l d . I n some respects, the above 
experjjnen^s i^oth explain and extend what i s known of t h e i r 
behaviour xinder natural conditions. The implications arising 
out of t h i s work w i l l be dealt with i n the general discussion. 



S5. 

SUIEIARY. 

1. 'A simple choice-chamber, based on the adsorptive 
properties of activated charcoal i s described, together 
w i t h a technique f o r studying the olfactory responses of 
bl o w f l i e s . 

2. The olfactory responses of 7 species of blowfly are 
investigated, p a r t l y as a means of checking the r e l i a b i l i t y 
of the apparatus. The d i f f e r e n t species are not uniform 
i n t h e i r responses to meat, L.cuprina and the B r i t i s h 
s t r a i n of L.sericata being the most active. 

3. A fu r t h e r attempt t o modify the olfactory response to 
menthol i s described. I t i s possible to a l t e r the adult 
reactions t o d i l u t e quantities of t h i s substance i f i t 
has been experienced during the l a r v a l l i f e of the 
in d i v i d u a l . The modified response i s rapidly replaced by 
the normal degree of repellence. I t i s suggested that 
modification achieved by menthol i s not desirable because 
of the p o s s i b i l i t y of the toxic action involved. 

4. Indications are apparent that male L.sericata are 
repelled by menthol to a greater extent than the females. 

5. The s t a t i s t i c a l method of comparing the responses of two 
groups i s described. 

6,. A method i s given f o r t e s t i n g attractant solutions i n the 
choice-chamber. Under the conditions available, male 
L. sericata were not attracted to a weak indole solution, 
but both sexes responded to weak ammonium hydroxide. 



No oviposition was recorded during the tests. 
7. An attempt to induce oviposition i n the constant temperature 

room using heated chemical attractants on cotton wool i s 
described. The temperature e f f e c t , i n i t s e l f , does not 
appear to be s u f f i c i e n t t o stimulate egg-laying. 

8. L. sericata i s shov/n to be attracted to samples of d i f f e r e n t 
types of fleece presented i n the choice-chamber. The 
attractiveness of the fleece i s not removed by washing or 
storing, and apparently does not vary from one type of 
fleece to another, provided that the quantity remains 
constant. 

9. I n experiments on yotmg adult L. sericata. the results 
suggest that n o n - f e r t i l i s a t i o n of the female produces a 
decrease i n response to samples of fleece. 

10. I n adult female L. sericata the attractiveness of fleece f o r 
the f l y decreases w i t h increased age. The decrease i n 
response becomes more marked i f the insects are wholly or 
p a r t i a l l y meat-starved. Daily meat meals are necessary 

. f o r the maintenance of L. sericata population which i s 
active and uniform i n i t s resjxDnse to fleece. 

11. There i s some indication that conditioning occurs i n 
L. sericata an4 L.cuprina adults whose l a r v a l existence has 
been passed on l i v i n g sheep. This results i n a trend 
tov/ards greater a t t r a c t i o n to samples of fleece, which 
fades out both w i t h increased age and passage through a 
succeeding generation. 



12, The comparative behaviour of 8 species of blowfly to 
samples of fleece i s observed under laboratory conditions. 
The results obtained agree f o r the most part with what i s 
known of the behaviour of these insects i n the f i e l d . 



P A R T S . 

STUDIES ON THE BLOWFLY ANTEMAE. 



THE BLOWFLY AITTEMAB 
1. HISTORICAL SURVEY. 

Studies on insect o l f a c t i o n began at the end of the 
eighteenth century and rapidly gave r i s e to the theory that t'he 
ol f a c t o r y organs were located i n the stigmata or tracheae. A 
l i t t l e l a t e r , almost every part of the insect body i n turn was 
suggested as bearing the olfactory organs. Lefebvre (1838) 
v;as the f i r s t t o establish the fact that the sense of smell was 
located c h i e f l y on the antennae and as more work was done 
evidence accumulated i n favour of the antennal theory, u n t i l 
i t was widely supported. The f i r s t investigator to f i n d the 
sensory p i t s i n the antennae was Leydig (1860) who described 
^em i n d e t a i l and demonstrated t h e i r connection with the 
antennal nerve. He claiined that t h e i r function v/as olfactory. 
At the same time, however, there were large numbers of workers 
opposing the antennal theory of o l f a c t i o n , a l l of them 
influenced by the fact that many insects continued to respond 
to chemicals a f t e r the elimination of t h e i r antennae. This 
persistence of response has now come to be accepted, not 
necessarily as the result of an olfactory stimulus, but rather 
as a response made by receptors of the insects' general 
chemical sense, to what were often f a i r l y high concentrations 
of i r r i t a n t s . This aspect of olfactory studies i s dealt with 
by Marshall (1935) i n a survey of the work related to the 
loca t i o n of olfactory receptors i n insects. 

Recent work on the whole tends to accept and confirm the 
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antennae as the s i t e of the olfactory organs. Barrows (190.7) 
working w i t h Drosphila amphelophila concluded that the 
antennaB possessed a l l or nearly a l l the olfactory powers. 
I t was s i g n i f i c a n t that a f l y with one antenna amputated, 
orientated i t s e l f t o an odoiir by 'circus movements* towards 
the i n t a c t side. However, among modem workers, Mclndoo 
remained convinced th a t the sense of smell was not centred 
i n the antennae and i n 1933 attempted to close the controversy, 
at least as f a r as i t concerned the blowflies. 
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2. THE EXPERIMENTS OF MCINDOO. 
I n the early experiments of 1914 and thereabouts, Mclndoo 

strongly objected to amputation or elimination of the antennae, 
on the grounds that f l i e s thus treated were subsequently 
abnormal and as a consequence gave unreliable experimental 
r e s u l t s . This i s not i n accord w i t h the findings of other 
workers including von Prisch (1919) Abbot (1927) and Hattung 
(1935) a l l of whom carried out similar operations. They found 
,the post-operation insects abnormal only i n so f a r as the loss 
of t h e i r olfactory powers made them abnormal. However, at t h i 
time, Mclndoo looked elsewhere than on the antennae f o r the 
olf a c t o r y receptors, and came to the conclusion that the 
o l f a c t o i y pores, which have a wide d i s t r i b u t i o n over the insect 
body, were responsible f o r receiving odour s t i m u l i . He 
demonstrated anatomically that these pores existed on the wing 
bases and legs and claimed t o have shown that they lacked an 
external chitlnous membrane; t h i s rendered them capable of 
receiving olfactory s t i m u l i . Similar pores on the antennae 
bore a chitinous covering and therefore f a i l e d t o serve olfactkn 
But some years l a t e r , Eidmann (1922) was able t o show that 
c h i t i n was not impermeable and therefore not necessarily a 
b a r r i e r to olfactory s t i m u l i . When, i n 1933, Mclndoo came 
to work on b l o w f l i e s , he amputated the antennae and used as 
te s t materials a var i e t y of natural products including s\igar 
solutions, milk, p u t r i d steak, p u t r i d eggs and ammonium 
hydroxide. The responses obtained from the imitilated f l i e s 
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d i d not d i f f e r s i g n i f i c a n t l y from those given by intact 
insects, so that i t was concluded again that the olfactory 
receptors were not borne on the antennae. A study of the 
antennae themselves, using caustic soda preparations thd 

( ) 
sections revealed the so-called olfactory hairs i n the p i t s 
of the t h i r d segment, but because of the r e s i i l t s obtained 
i n the olfactometer Mclnddo could not accept the p i t s as being 
associated w i t h o l f a c t i o n . His work of 1934 described 
ol f a c t o r y pores on the legs, wings and halteres and repeated 
the conviction that b l o w f l i e s do not smell with t h e i r antennae. 
These conclusions ha^e not been confirmed by contemporary 
or l a t e r workers, and because they bear d i r e c t l y on the 
present investigation, a consideration of the circumstances 
i n which they were arrived at seems necessary. 

The wooden olfactometer has been described i n the paper 
published i n 1933. The general method of using i t seems 
open to c r i t i c i s m on several coxmts. I n the f i r s t place, 
a batch of 200-300 f l i e s maintained f o r two or three weeks 
i n a box of the described dimensions (12" x 12" x 3") 
indicates serious overcrowding. I t i s unli k e l y that pairing 
of males and females could take place under these conditions. 
I n addition, there i s no mention, i n the t e x t , of the insects 
being provided w i t h protein food. I t i s almost certain, 
therefore, that the populations of experimental f l i e s with 
v/hich Mclndoo was working,v/ere abnomal i n that the females 
must have remained mostly \ m f e r t i l i s e d and probably with 



vestigeal ovaries. Prom the published results;.,single counts 
i. e . the mean of 10 counts at 15 sec. intervals which made 
up a single t e s t , were of the order of 30-40 insects. This 
was a very small percentage (about 15% - 20%) of t h e - t o t a l 
population, and a population which was closely confinedr. and 
therefore dense. There i s no indication that Mclndoo 
considered that t h i s small percentage response might affect 
the v a l i d i t y of the results. I t i s recorded too, that the 
f l i e s soon ceased to respond to the test air-currents and to 
the odours carried by them - hence the br e v i t y of the complete 
experiment (10 x 15 sec. = 2^ rain.). I t i s possible, 
therefore, that the te s t materials used by Mclndoo were of a 
concentration high enough to produce rapid fatiguing of the 
ol f a c t o r y receptors under the conditions of the experiments. 
Wigglesworth (1950) has described the p i t organs of the Muadaa 
antennae as probable long-distance chemo-receptors, that i s , 
organs capable of stimulation by extremely d i l u t e aibstances 
and sensitive enough to respond to minute traces of odourous 
material. I f then, the antennal receptors were fatigued i n 
Mclndoo's experiments, not ..only would the behaviour of in t a c t 
f l i e s be concealed but responses could be obtained trcm 
mutilated f l i e s by stimulation of the body chemo-receptors 
mentioned e a r l i e r . The f i n a l c r i t i c i s m of Mclndoo's blowfly 
studies i s concerned w i t h the fact that control and antennaless| 
f l i e s were not tested consecutively. I t i s unfortunate that 
i n an apparatus v/hich v/as l i a b l e to sharp fluctuations, there 
was a lapse of 12 months between the two sets of experiments. 



3. THE PHYSIOLOGY OF THE CHBMORECEPTORS. 
A l l insect sen s i l l a are covered by a continuous sheet of 

cu t i c l e (Wigglesworth 1950). On some, the covering layer i s 
extremely delicate and these are usually held to be responsible 
f o r the perception of taste and odour s t i m u l i . The cuticular 
parts of the s e n s i l l a vary enormously i n shape, and may take 
the form of hairs and b r i s t l e s or may be reduced cones or 
pegs ari s i n g from the body surface or from p i t s as they do 
i n the Muscid antennae. Nerve endings of many kinds are 
sensitive to chemical i r r i t a n t s and between the two senses of 
taste and smell there appears to be no absolute d i s t i n c t i o n , 
except that s e n s i t i v i t y i n the case of smells i s usually much 
greater. Dethier (1947) notes that the one outstanding 
feature of the mechanism of stimulation by chemicals i s that 
i t i s accomplished by r e l a t i v e l y small material par t i c l e s 
which emanate from a source and then impinge on the insect 
receptors. Stimuli emanating from a distance are said to be 
smelled; those i n close physical contact with the insect are 
said t o be tasted. Taste substances usually stimulate one 
set of receptors, and smells a d i f f e r e n t set; but where high 
concentrations are involved a general response may be produced. 
I t i s believed that without some form of moving a i r currents 
or convection currents. Insects would be unable to orientate 
t o odours. 

Natural gources of odours and taste siibstances are 
d i f f u s i n g p a r t i c l e s or molecules of organic substances. 
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The normal odours to which an insect responds assist i t to 
f i n d i t s food, i t s mate, and often also, a s i t e f o r oviposition. 
Liebermann (1925) has published a survey of Muscid f l i e s i n 
which i t has been suggested that the number of olfactory 
organs on the antennae of these insects i s proportionate to 
the d i f f i c u l t y they have i n fi n d i n g food. 

The most freq.uent s i t e f o r the taste cheraoreceptors i n 
the Muscid f l i e s i s the tansus. The existence of the t a r s a l 
organs has been demonstrated f o r Calliphora by Minnich (1929) 
and Crow (1932). The oral lobes of the proboscis i n 
Calliphora also bear gustatory hairs along t h e i r margins, 
(Minnich, 1931). Eltringham (1933) was the f i r s t to describe 
the t a r s a l organs, i n studies made on the Lepidoptera. The 
v i s i b l e response made by insects t o t a r s a l stimulation, i s 
the extension of the proboscis. 



4. THE MORPHOLOGY OF THE BLOWFLY ANTENNA 
The antennae arise as a pair of appendages on the head of 

the insect, i n the space between the compound eyes. The 
single appendage consists of three segments (see P i g . l . ) , the 
f i r s t segment being that which i s attached to the insect head 
and the t h i r d segment being the terminal one. The t h i r d 
segment i s supplied by a large sensory antennal nerve, and 
bears both on i t s surface and w i t h i n i t s tissues a very large 
number of sense organs. I t i s probable th a t , c o l l e c t i v e l y , 
these receptors are capable of responses to a variety of 
s t i m u l i , including possibly temperatiire and humidity, as well 
as those of smell. I t i s the purpose of t h i s part of the 
in v e s t i g a t i o n to correlate, i f possible, the olfactory 
responses of b l o w f l i e s w i t h the sensory apparatus on the 
antennae. 

Conspicious along the outer surface of the t h i r d segment 
i s a l i n e of apertures, leading i n t o a series of p i t s provided 
w i t h n\3raerous peg-shaped sensilla. Normally, when a f l y 
has s e t t l e d or i s r e s t i n g , the antennae are folded down and 
l i e i n two shallow grooves on the anterior surface of the head. 
I f a needle bearing odourous material i s brought near the 
r e s t i n g insect, the antennae are immediately extended int o a 
horizontal and s l i g h t l y diverging p o s i t i o n , and the insect 
w i l l then move tov/ards or away from the source of the smell, 
depending on whether i t i s a t t r a c t i v e or repellent. Pig.2 
i l l u s t r a t e s the p o s i t i o n of the blowfly antennae, as i t was 
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olDserved during t e s t s i n the c h a r c o a l choice-chamber. 

During f l i g h t , the i n s e c t appears to e r e c t the antennae. 

T h i s has iDeen descriTaed "by Liebermann, who suggested the 

h o r i z o n t a l p o s i t i o n as the one i n which the sensory p i t s 

are most e f f e c t i v e l y exposed to an on-coming air-stream. 

He has a l s o commented on the ©"blique p o s i t i o n of the p i t s 

which ensures f u l l exposure of the sense pegs to the a i r , when 

the antennae are e r e c t . The pegs or cones i n the p i t s have 

iDeen widely acknov/ledged as sensory, and as already described, 

g e n e r a l l y h e l d to "be res p o n s i b l e f o r the perception of odours. 
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5. MUTILATION EXPERIMENTS. 

Both antennae were removed frcm two spe c i e s of sheep 

iDlowfly, L. cuprlna and the ^ r i t i s h s t r a i n of L. s e r i c a t a ^ i n 

order t o f i n d out whether oig^ot the operation a f f e c t e d t h e i r 

response to samples of f l e e c e i n the choice-chamber. 

The f l i e s were meat-fed d a i l y and Brought i n t o l a y i n 

the u s u a l way. Females were put through the apparatus, and 

on iDeing taken from i t , t h e i r antennae were removed with a 

p a i r of f i n e f o r c e p s , and without the use of an anaesthetic. 

These m u t i l a t e d i n s e c t s were then pl a c e d i n a s p e c i a l cage, 

where meat, sugar and water were a v a i l a b l e . A period of 24 

hours was allowed f o r recovery "before any f u r t h e r readings 

were taken i n the choice-chamber. 

The "behaviour of the i n s e c t s i n the cage a f t e r the 

removal of the antennae appeared quite normal. They cleaned 

and ruhhed the su r f a c e of the head v i g o r o u s l y using the f i r s t 

p a i r of l e g s ; they a l s o r a n a'bout, and v/ere, on the Y/hole, 

f a i r l y a c t i v e . They d i d not feed on meat as r e a d i l y as i n t a c t 

f l i e s , and o v i p o s i t i o n was r a r e . A l l these observations on 

the behaviour of antennaless f l i e s s a g r e e w i t h those made by 

Hartung (1935) about s i m i l a r l y m u t i l a t e d C a l l l p h o r a . 

No attempt was made to remove tjie a r i s t a s eparately, 

because the evidence i s f a i r l y c o n c l u s i v e that i t i s not 

concerned w i t h o l f a c t o r y perception, Liebermann (1925) and 

HartTing (1935). 

I n some of the Durham m u t i l a t i o n experiments, both p a i r s 
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of second and t h i r d t a r s i were cut o f f w i t h a p a i r of sharp 

s c i s s o r s . T h i s operation, when coupled w i t h antennal 

anrputation was severe, and r e s u l t e d often i n rendering the 

i n s e c t s completely u s e l e s s . R e s u l t s obtained from these 

i n e r t and obviously abnormal f l i e s were ignored i n the f i n a l 

estimate. 

Experiments on the two s p e c i e s are not e x a c t l y comparable 

because of the f a c t mentioned i n Part 11, that L. cuprina never 

responds to f l e e c e i n a dry arena. Conseg.uently, a dairp 

f l o o r was always necessary to produce responses from t h i s f l y -

a p r a c t i s e not used w i t h L . s e r i c a t a and which introduced the 

complication of t a r s a l s t i m u l a t i o n . 

The f l e e c e sanple i n a l l t e s t s was 3.5g. of Oxford Down. 

Three groups of experiments were c a r r i e d out on each 

s p e c i e s . They are de s c r i b e d below. 

G-roup 1. A s e t of normal responses was obtained, a f t e r 

which the antennae were removed. Fur t h e r readings were 

taken on the f o l l o w i n g day. 

Group 2. As i n G-roup 1. A f t e r obtaining readings from 

antennaless f l i e s on a dry f l o o r , a damp f l o o r was su b s t i t u t e d . 

At the end of these readings, bot^ p a i r s of second and t h i r d 

t a r s i were removed, and the f l i e s t e s t e d again on the day 

f o l l o w i n g t h i s f i n a l operation. 

Group 3. I n t a c t f l i e s of both spe c i e s were t e s t e d on 

a danff) f l o o r , and a f t e r the normal responses were obtained 

both p a i r s of second and t h i r d t a r s i were removed. P i n a l 

readings were tafcen on the fol l o w i n g day. 
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T a b l e s 1 and :7i i n d i c a t e the separate experimental 

treatments and the r e s u l t s obtained from them. I t i s obvious 

t h a t L . c u p r i n a s u f f e r e d badly as a r e s u l t of the operations, 

and the number of f l i e s g i v i n g r e l i a b l e r e s u l t s afterwards i s 

g r e a t l y reduced i n t h i s s p e c i e s . However, i t should be 

emphasized that those restalt s which are recorded here were 

provided by a c t i v e and apparently normal speciraenfec. The use 

of the ' t ' t e s t was l i m i t e d because of the small number of 

s u r v i v o r s . The r e s u l t s i n d i c a t e the following conclusions. 

1. Removal of the antennal r e s u l t s i n L. s e r i c a t a being 

t o t a l l y unable to o r i e n t a t e tov/ards a sample of f l e e c e i n the 

choice-chamber. I t can be assumed t h a t the o l f a c t o r y organs 

have been removed w i t h the antennae. 

2. Where a damp f l o o r replaced the u s u a l dry one 

antennaless L . s e r i c a t a were a t t r a c t e d to the f l e e c e , but to a 

s i g n i f i c a n t l y l e s s e r extent than normal f l i e s on a damp f l o o r . 

T h i s i n d i c a t e s that another but l e s s e f f i c i e n t set of receptdsrs 

has been c a l l e d i n t o use by the damp f l o o r . I t i s thought 

t h a t t h i s a t t r a c t a n t stimulus was r e c e i v e d by contact 

chemoreceptors on the t a r s i and probably a l s o on the proboscis 

and mouth p a r t s , because antennaless f l i e s on a damp f l o o r 

c o n t i n u a l l y extend and withdrav/ the proboscis as i f i n response 

to a t a r s a l s t i m u l a t i o n . F u r t h e r m u t i l a t i o n i n the form of 

removal of the t a r s i produced l i t t l e a l t e r a t i o n i n the e x i s t i n g 

r e s u l t s . There was a f u r t h e r lowering of the response but 

the d i f f e r e n c e i s not s i g n i f i c a n t . T h i s would seem to 



i n d i c a t e the e x i s t e n c e of chemoreceptors elsewhere than on 

the t a r s i . 

3. Removal of the t a r s i , l e a v i n g the i n s e c t w ith both 

antennae i n t a c t produces a very small decrease i n the o r i g i n a l 

normal response. T h i s tends to confirm that the receptors 

on the antennae are by f a r the most s e n s i t i v e and are therefore 

o l f a c t o r y i n f u n c t i o n . 

4. L.cuprina l o s e s most of i t s a b i l i t y to orient a t e 

towards the f l e e c e when the antennae are removed. But 

because t h i s s p e c i e s never responds to a dry;-- sample i t was 

impossible to cut out completely the a t t r a c t a n t stimulus which 

was presumably r e c e i v e d through the contact chemp-receptors i n 

the same way as i n L. s e r i c a t a under s i m i l a r conditions. 

5. Removal of the t a r s i made very l i t t l e d i f f e r e n c e to 

the response of L. cuprina. provided that the antennae remained 

i n t a c t . 

I t v;as f i n a l l y concluded that i n both s p e c i e s , the antennaej 

are unquestionably the s i t e of the o l f a c t o r y organs. Loss of 

these appendages g r e a t l y reduces (and can remove altogether i n 

L. s e r i c a t a ) the a b i l i t y to o r i e n t a t e towards a n a t u r a l 

a t t r a c t a n t . Some iij.dication t h a t humidity receptors are a l s o 

borne on the antennae was given by p l a c i n g small groups of 

antennaless i n s e c t s i n a humidity gradient of 219% range. 

Normal f l i e s , under these conditions, s e l e c t e d and remained 

i n the d r i e r s i d e of the arena; those w i t h the antennae 

amputated moved r e s t l e s s l y from one side of the chamber to 



the other throughout the experiments and f a i l e d to s e t t l e 

f o r long i n e i t h e r of the r e l a t i v e humidities a v a i l a b l e . 

The f i n a l t a b l e s i n d i c a t e d a random s e l e c t i o n of s i d e s . 

These experiments were not followed out i n d e t a i l and are 

only worth a b r i e f mention at t h i s point. 



6. HISTOLOGY OF THE MTBMAE. 

The antennae of females of f i v e s p e c i e s were examined to 

o b t a i n d e t a i l s of t h e i r o rganisation. 

Methods and M a t e r i a l s : The f i v e s p e c i e s used were 

1. B r i t i s h L u c i l i a s e r i c a t a (Mg). 

2. A u s t r a l i a n L u c i l i a s e r i c a t a (Mg). 

3. L u c i l i a cuprina (Wied). 

4. L u c i l i a c a e s a r ( L ) . 

5. L u c i l i a i l l u s t r i s (Mg). 

A t t e n t i o n was concentrated on the t h i r d antennal segment, 

A v a r i e t y of methods was used i n making preparations. The 

Sporal ( c h l o r i n e dioxide) treatment, h i g h l y recommended by 

Liebermann, was not attempted because of p r a c t i c a l 

d i f f i c u l t i e s . I n s t e a d , whole antennae were t r e a t e d with 

potassium hydroxide and s t a i n e d afterwards with b a s i c f u c h s i n 

as i n Roth and W i l l i s (1951). Information obtained from 

the study of these specimens was very l i m i t e d because the 

i n t e r n a l s t r u c t u r e of the p i t s remained i n v i s i b l e . But 

the l i n e of apertures leading f r o n the antennal surface 

down i n t o the p i t s was c l e a r ( F i g . 3 ) . 
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i n . 

Whole mount b o i l e d i n p o t a s s i m hydroxide 
and s t a i n e d w i t h b a s i c f u c h s i a x 90. 
Apertures to the p i t s v i s i b l e along the 
lower edge of the outer siirface of the 

3rd segment. 

No constant d i f f e r e n c e s i n the numbers of apertures 

e x h i b i t e d by antennae of the d i f f e r e n t species was apparent. 

S e r i a l l o n g i t u d i n a l and t r a n s v e r s e s e c t i o n s were cut from 

movints embedded i n C e l l o i d i n - P a r a f f i n and i n e s t e r wax 

(Steedman 1947). E s t e r wax blocks were the more s a t i s f a c t o r y 

and a general s t a i n i n g w i t h E h r l i c h ' s haematoxylin and e o s i n 

gave good a l l - r o u n d r e s u l t s . Some s e c t i o n s were t r e a t e d 

w i t h s i l v e r n i t r a t e to s t a i n nerve t i s s u e , and one or two 

methods of i d e n t i f y i n g c h i t i n were t r i e d out. For the most 

p a r t , l o n g i t u d i n a l s e c t i o n s i l l u s t r a t e d the organisation of 

the p i t s more c l e a r l y than t r a n s v e r s e s e c t i o n s , although the 



l a t t e r were of use i n another r e s p e c t . Sections were cut at 

a t h i c k n e s s of l o / ^ . Attempts Ht t h i n n e r sections were 

u n s u c c e s s f u l . 

S t r u c t u r e : The h i s t o l o g y of the t h i r d segment and i t s sense 

organs i n the C a l l i p h o r i n e s p e c i e s studied i s very s i m i l a r to 

tha t d e s c r i b e d by Liebermann i n h i s work on the Muscids. 

Among the b l o w f l i e s he had d e a l t only w i t h L.caesar and 

C a l l i p h o r a s p e c i e s . 

The c u t i c l e covering t^ie segment has a dense covering of 

h a i r s and b r i s t l e s , many of which appear to be sensory. 

S c a t t e r e d i n the h a i r y covering there e x i s t i s o l a t e d sense 

pegs, but, perhaps because i t was impossible to obtain r e a l l y 

t h i n s e c t i o n s , these were seen w i t h d i f f i c u l t y , and they d i d 

not appear to be as numerous as Liebermann's counts of them 

would suggest. Shallow s a u c e r - l i k e depressions were observed 

i n the c u t i c l e , and these contained e i t h e r s o l i t a r y or small 

nura.bers (2 or 3 or 4) of sensory pegs. 

The s t r u c t u r e s which were given g r e a t e s t a t t e n t i o n were 

the l a r g e p i t s simk i n the t i s s u e s of the t h i r d segment whose 

apert u r e s are v i s i b l e e x t e r n a l l y . These extend i n a l i n e f o r 

approximately two t h i r d s of the length of the segment along ±ts 

outer, lower s\irface, see P i g s 1 and 3. Bach separate 

aperture l e a d s down to a whole s e r i e s of compartments which 

branch o f f from each other, see F i g s . 11,13,14 and 15. 

Stout c u t i c u l a r r i d g e s bearing b r i s t l e s of varying s i z e s 

separate the compartments, Liebermann b e l i e v e d that these 
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p i t s were the r e s u l t of the inward growth of whole areas of 

the outer antennal surface complete with i t s b r i s t l e s and 

s m a l l simple p i t s . Each group of compartments ccnrprises a 

compxarmdpit. Each compartment w i t h i n the group i s equipped 

w i t h sensory pegs and protected by b r i s t l e - b e a r i n g r i d g e s , and 

i n the main entrance, l e a d i n g down from the e x t e r i o r are rows 

of densely packed b r i s t l e s arranged i n concentric r i n g s . I t 

i s assumed t h a t the purpose of these b r i s t l e s i s p r o t e c t i v e 

and t h a t they serve to prevent the pe n e t r a t i o n of dust 

p a r t i c l e s and s i m i l a r m a t e r i a l to the sense organs below. 

The number of compartments per p i t , and t h e i r s i z e , and the 

number of sensory pegs, i s very v a r i a b l e w i t h i n the species 

and sometimes even w i t h i n the two antennae which make up a p a i r . 

The amount of equipment, as estimated from the number of sense-

pegs i n a s i n g l e antenna remains u n c e r t a i n , because although 

the p i t - s t r u c t u r e was c l e a r l y v i s i b l e and sane counts of pegs 

were made f o r each s p e c i e s , accurate counting from the m a t e r i a l 

a v a i l a b l e was very doubtful. 

The sensory pegs, whether they occxir on the surface or 

i n p i t s , do not vary i n form. They appear i n se c t i o n s as 

t h i n - w a l l e d processes. Bach a r i s e s from the surface of a small 

dome-like or convex base, s i m i l a r l y t h i n - w a l l e d . Immediately 

beneath each of these rounded supports i s found a large sense-

c e l l from which a nerve f i b r e passes t o j o i n w i t h those from 

neighbouring s e n s e - c e l l s t o form a branch which eventually 

iJonnects w i t h the main antennal nerve. 

The p o s i t i o n of the large compound p i t s on the 3rd segment 
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of the antenna i s constant i n a l l f i v e s p e c i e s examined, and 

i s confined t o the c e n t r a l part of the lower, outer surface. 

The t e r m i n a l t h i r d of the segment and a small area at the 

proximal end d i d not appear to bear p i t s t r u c t u r e s . 

The compound p i t s appear to f u n c t i o n only during f l i g h t . 

At t h i s time the antennae are extended outwards and forwards 

from the f r o n t of the head, so that the p i t - a p e r t u r e s and the 

pitstherajselves as a r e s u l t of t h e i r oblique p o s i t i o n are 

d i r e c t l y exposed to an on-coming air-stream. I t i s thus 

t h a t o l f a c t o r y s t i m u l i i n the f i e l d appear to be intercepted 

by the f l y i n g i n s e c t . I n the down-turned, r e s t i n g p o s i t i o n 

of the antennae, the p i t s appear to be cut o f f from s t i m u l i 

and thiis would i n d i c a t e t h a t the sensory pegs of the antennal 

s u r f a c e are i n v o l v e d i n the perception of odours by s t a t i o n a r y 

i n s e c t s . Lieberraann argued that the surface pegs were 

e x c l u s i v e l y f o r t h i s purpose but i t seems more l i k e l y that 

some of them, at l e a s t , are concerned with r e c e i v i n g s t i m u l i 

from other than o l f a c t o r y sources. 

From the experimental r e s u l t s quoted e a r l i e r i n the t e x t , 

which deal w i t h responses to raw meat and to f l e e c e , i t 

appears that the B r i t i s h L . s e r i c a t a and L.cuprina possess more 

e f f i c i e n t o l f a c t o r y organs than the other s p e c i e s . I t i s 

c e r t a i n l y t r u e that both these s p e c i e s are most highly 

responsiv.e. to the a t t r a c t i v e n e s s of f l e e c e , A f a i r l y large 

v a r i a t i o n i n s i z e e x i s t s between the antennae of the f i v e 

s p e c i e s studied. Those of L.caesar and L . i l l u s t r i s are the 

l a r g e s t , v/hile those of L.cuprina are the smallest; yet the 
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o l f a c t o r y pov/ers of the l a t t e r , at l e a s t i n so f a r as the 

present i n v e s t i g a t i o n shows, are quite as good as the l a r g e r 

B r i t i s h L. s e r i c a t a and appear to be more keen thaii those of the 

other two s p e c i e s mentioned. I t f o l l o w s , t h e r e f o r e , that 

w i t h i n the C a l l i p h o r i n e s p e c i e s , as i n the Muscids g e n e r a l l y , 

e f f i c i e n c y i n o l f a c t o r y perception i s not n e c e s s a r i l y c o r r e l a t e c 

w i t h antennal s i z e . Liebermann wrote that the s i z e of the 

antenna i s i n no v;ay r e l a t e d to the nimiber of o l f a c t o r y organs 

i t b e a r s , and that often among Muscids, a lar g e antenna can shov 

g r e a t l y reduced numbers of o l f a c t o r y organs. Olfactory 

e f f i c i e n c y , however, on the strength of Liebermann's work, i s 

proportionate t o the number of sense pegs borne on the antenna. 

Yet w i t h i n the s p e c i e s studied i n the present v/ork, t h i s d i d not 

appear to be the case. Table 3 g i v e s a summary of the antennal 

dimensions and the sensory equipment i n four of the species 

s t u d i e d . „ 
TABI£ 3. 
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The approximate length of the sensory pegs i s about 2d/i 

i n a l l four s p e c i e s . 

The information given i n Table 3 was obtained from studies 

of only two or three antennae from each s p e c i e s , made using a 

micrometer s l i d e . I t does not pretend i n any way to be a 

f i n a l or even accurate summing up, and i s only intended to give 

a comparative i d e a of the m a t e r i a l d e a l t with. Measurements 

of the width of the antennais are of doubtfiil s i g n i f i c a n c e , 

because t h i s i s a f a c t o r y subject to v a r i a t i o n . I t w i l l be 

r e f e r r e d to l a t e r i n the t e x t . 

Because the information recorded i n the t a b l e c o n t r a d i c t s 

some of the conclusions at which Lieberraann a r r i v e d , a f t e r an 

extremely d e t a i l e d survey, i t i s necessary to emphasize c e r t a i n 

p o i n t s . I n the f i r s t p l a c e , the f i g u r e s given were obtained 

from a very l i m i t e d number of speciimens and i t i s impossible 

t o compare them w i t h those of Liebermann sinc e he gave no 

f i g u r e s f o r the numbers of each i n d i v i d u a l species he studied. 

Secondly, the s e c t i o n s used were lO/C t h i c k , and while these 

gave a f a i r l y good comparative idea of the p i t organs, i t was 

not p o s s i b l e to obtain from them any accurate counts of the 

other sensory processes which the antennae bear. At t&e same 

time, i t must be remembered t h a t Liebermann d i d not f i n d 

s e c t i o n s necessary to h i s survey and made only a small number 

of them. Most of h i s coiints were made on whole mounts which 

had been bleached i n Sporal. 
The I n t e r n a l C u t i c l e of the T h i r d Segment: 

I t appears t h a t the w a l l s of the t h i r d antennal segment 



are not r i g i d l y f i x e d , so t h a t the segment as a whole i s 

capable of v a r i a t i o n i n width or g i r t h . I n other words, the 

outer w a l l can c o l l a p s e t o a l i m i t e d extent, or remain smooth 

and f i r m . Whether t h i s f l e x i b i l i t y provides f o r an automatic 

adjustment t o co n d i t i o n s encountered i s not c e r t a i n , but i t 

does appear t h a t i t might be c o r r e l a t e d v;ith the presence of 

a c u t i c u l a r s t r u c t u r e w i t h i n the t h i r d antennal segment. 

Reference to t h i s second c u t i c l e has not been encountered i n 

the l i t e r a t u r e , but i t s presence i s obvious i n most of the 

s e c t i o n s , and p a r t i c u l a r l y i n those l e f t unstained or t r e a t e d 

by s i l v e r impregnation; i t can be seen i n the t e x t f i g u r e s . 

I t i s p o s s i b l e that the fu n c t i o n of t h i s inner w a l l i s 

pu r e l y raechhnical, providing a d d i t i o n a l support f o r a f i r m 

but f l e x i b l e appendage, and/or af f o r d i n g a c e r t a i n e x t r a 

p r o t e c t i o n to the compound p i t s v/ith t h e i r senseiorgans. and the 

antennal nerve-, a l l of which are placed i n t e r n a l to i t . 

Various h i s t o l o g i c a l techniques were applied to the 

s e c t i o n s i n order to i d e n t i f y the s t r u c t u r e as being of a 

c u t i c u l a r nature. No ki n d of c e l l s t r u c t u r e has ever been 

v i s i b l e w i t h i n i t . Since c h i t i n i s the best known constituent 

of the c u t i c l e s p e c i f i c t e s t s f o r t h i s substance were sought, 

C h l o r - a z o l b l a c k (Cannon 1941) which u s u a l l y s t a i n s c h i t i n 

greenish-grey, gave u n s a t i s f a c t o r y r e s x i l t s . P e r i o d i c a c i d 

treatment (Gurr 1951) which i s d i a g n o s t i c f o r fungine ( a 

substance which has been proved to be i d e n t i c a l with c h i t i n ) 

w i t h a reddish-pink colour gave a c l e a r e r i n d i c a t i o n that the 

l a y e r i s c h i t i n o u s . F i n a l l y , the 'chitosan' t e s t of 



van W i s s e l i n g h quoted by Wigglesworth (l95Q) was applied. 

Unfortunately b o i l i n g v/ith p o t a s s i i m hydroxide removed a l l the 

i n t e r n a l s t r u c t u r e and l e f t only the outer c u t i c l e to provide 

the c h a r a c t e r i s t i c v i o l e t colour, s p e c i f i c f o r c h i t i n . 

Attempts to f o l l o w the p o s i t i o n of the suspected inner 

c u t i c l e were made by drawings of both t r a n s v e r s e and 

l o n g i t u d i n a l s e c t i o n s i n s e r i e s . Pig.4 i l l u s t r a t e s i t s 

appearance through a t r a n s v e r s e s e r i e s . I t f i r s t appears 

near the te r m i n a l end of the t h i r d antennal segment, occupying 

the middle of the s e c t i o n as a finely-branched s t r u c t u r e . 

G r a d u a l l y , as the s e c t i o n s move tov/ards the proximal end of 

the segment, i t comes to surround the space i n which are 

accomodated the nerve and the groups of sensory c e l l s which 

surround the p i t s v;ith t h e i r sense pegs. 

Surface views, obtained by s e c t i o n i n g o f f the outer 

l a y e r s of the segment, show the inner c u t i c l e as a network or 

re t i c u l i i m . T h i s arrangement, while i t provides support 

would a l s o allow f o r the passage of nerve f i b r e s from the 

sense organs on the antennal surface to the trunk of the main 

antennal nerve. 
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7. THE TEXT FIGURES. 
Figs. 5 "-Q: These were prepared from Camera lucida drav/ings 
of a series of lon g i t u d i n a l sections of the t h i r d antennal 
j o i n t , lo/^- t h i c k . Only those sections which hear p i t s or 
p i t apertures are included. The v a r i a t i o n i n size of the 
segment hetv/een the d i f f e r e n t species i s immediately obvious. 
I n "both L. i l l u s t r i s and L.cagsar numerous simple sup e r f i c i a l 
p i t s can he seen on the surface opposite that which hears the 
apertures to the compound p i t s . These simple p i t s appear to 
occur on the inner surface of the antennae, i.e. the surface 
which faces the antennae of the other side. 

The space w i t h i n each section i s that which accomodates 
the several "branches of the antennal nerve and the trachea, hut 
the details of the structure of t h i s region have heen omitted 
i n order to keep the drawings simple and focus attention on 
the nature and p o s i t i o n of the p i t s . 

The nxmibers included on the drawings were an attempt to 
follow i n d i v i d u a l p i t s through the series so as to ohtain 
some idea of t h e i r extent. N\ambering was carried out on the 
p r i n c i p l e that the entire complex of a compoiind p i t possesses 
a single aperture to the external surface. 

j§L point c l e a r l y i l l u s t r a t e d hy the figures i s the oblique' 
angle of the entrance and of the p i t base to the v e r t i c a l axis 
of the segment. The aperture i s thus directed forwards when 
the antennae are erect. This point which was mentioned 
e a r l i e r also holds f o r the simple p i t s of L.caesar and 
L . i l l u s t r i s . 



FipC.lO; This i s a section (x90) through the antenna of 
B r i t i s h L.sericata. I t i l l u s t r a t e s that region of the t h i r d 
segment which "bears the apertxires to the compound p i t s . 
Fig. 11; The same section at higher magnification (x350) shows 
the density of the protective "bristles and sensory hairs which 
cover the antennal surface. B r i s t l e s packing the entrances 
to the p i t s are also visi"ble, as i s the inner c u t i c l e . 
Fig.12; A s i l v e r impregnated section (x260) showing the palh 
of the antennal nerve together w i t h some of i t s branches. I n 
the upper r i g h t hand corner i s a dens^jbiass of sense ce l l s 
surrounding two p i t s . The dark broken l i n e p a r a l l e l with 
the outer w a l l i s the inner c u t i c l e . 
Figs. 15 and 14; Silver impregnated sections (x350) showing 
the sensory apparatus of the p i t s . No apertures t o the 
ext e r i o r are v i s i b l e . Fig.13 shows the sensory pegs 
d i s t i n c t l y , together with the compound nature of the p i t s . 
Each compartment i s separated from i t s fellov;s by stout ridges 
topped with b r i s t l e s . The darkly stained bodies beneath the 
pegs are the nuclei of the sensory c e l l s , one of which i s 
associated w i t h each peg. An a l t e r a t i o n i h focus brings 
out, i n Fig. 14 the elongated nuclei of the antennal nerve 
trunk on the right-hand side. A single nerve f i b r e can be 
seen passing from each of the sense c e l l s . 
Fig.15; The above section (x800) shows very l i t t l e extra 
d e t a i l . Each peg i s d i s t i n c t l y seen to be associated with 
an i n d i v i d u a l nerve c e l l . The small mounds on which the 
i n d i v i d u a l pegs stand are also v i s i b l e . 



Fig.16: • This reproduces a drawing made from a s i l v e r -
impregnated section under an oil-immersion lens. I t was 
possible to rel a t e only a small number of fi b r e s and to 
follow them t o the point where they j o i n and eventually meet 
the main nerve trunk. Most of the f i b r e s , however, 
disappeared out of the section and so were v i s i b l e f o r a 
very short part of t h e i r course. 
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SUMMARY. 
1. The divergence of opinion on the location of olfactory 

receptors i n insects, which existed i m t i l recently, i s 
summarised. 

2. Mclndoo's studies on blowfly o l f a c t i o n are c r i t i c i s e d , 
from the point of view of both method and apparatus, 

3. Experiments involving antennal loss i n L.cuprina and 
L.sericata are described. The results obtained indicate 
that removal of the antennae results i n both species being 
unable t o orientate towards a natural odour. 

4. Some evidence i s obtained which indicates that after 
antennal loss, iinder certain conditions, the t a r s a l 
contact receptors provide a means of orientating tov/ards 
fleece i n the choice-chamber. 

5. The morphology and histology of the antennae of 5 L u c i l i a 
species i s described. The structure of the compoTind p i t s 
i n the t h i r d segment i s dealt w i t h i n d e t a i l . Attention 
i s drawn to an apparently chitinous structure w i t h i n 
t h i s segment, not h i t h e r t o described. I t s function i s 
suggested as one of support or protection f o r the sensory 
p i t s and t h e i r nerve supply, both of which l i e i n t e r n a l 
to i t . 

6. A relationship between the amount of sensory apparatus 
and the habits of par t i c \ i l a r species of the genus 
L u c i l i a i s not apparent from the h i s t o l o g i c a l studies. 



GENERAL DISCUSSION 

The apparatus o r i g i n a l l y set up i n Durham for use i n 
observing olfactory responses was the Y-tube olfactometer, 
which has been desctibed. As the experiments viiich made u§e 
of i t show, i t proved wholly unsatisfactory f o r obtaining 
dependable r e a i l t s . The chief f a i l u r e of the apparatus, as 
observations on the course of the two air-streams inside i t 
indicated, was that the insects were seldom, i f ever, 
presented with a clear-cut choice. The presentation of such 
a choice i s the whole purpose of an olfactometer of t h i s typ§ 
and since i t f a i l e d i n t h i s respect, i t was useless. Aside 
from t h i s , other considerations were that the technique 
involved i n using the apparatus was severe on the insects; and 
also, that the response obtained was of a low order, because 
large numbers f a i l e d to select either of the two traps. 

I t has been generally agreed since 1934 when Hoskins 
and Craig studied the requirements of an insect olfactometer, 
that the apparatus must be of a type which produces a response 
of a high order. Even when the stem was blacked-out (a 
modification not recorded by Crcmbie, 1943) the Durham Y-tube 
did not meet t h i s essential, and large numbers of insects 
continued to wander and s e t t l e there. 

Because of the severity of experimental conditions, a l l 
the Durham f l i e s were allowed recovery time after being put 
through the apparatus. Yet they never again appeared as 
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active as i n the f i r s t run through the olfactometer. 
Crombie realised t h i s d i f f i c u l t y and noted that most of his 
insects died i n less than h a l f t h e i r normal span of l i f e . 
But he continued to put most of his f l i e s through the 
apparatus four times, and i n the l a t e r experiments with 
menthol, anything between two and ten times. There i s no 
mention of a recovery period being allowed, and i t must be 
assumed Jihat the tests were made consecutively. I t i s 
therefore reasonable to suppose that many of the insects v/ere 
abnormal, p a r t i c i i l a r l y as the tests involved the use of 
concentrated methol. 

Criticisms of technique, however, may be often only a 
matter of opinion; but i t was established beyond doubt that 
the experimental conditions w i t h i n the Durham Y-tube were 
completely unsatisfactory. The fact that t h i s i s not 
necessarily always so ?/ith a Y-tube olfactometer has been 
demonstrated by Thorpe and Jones (1937) and Thorpe (1938 and 
1939). This immediately suggests that the turbulence and 
other disturbances observed i n the Durham apparatus might 
have resulted from an uneven in t e r n a l surface, and t h i s , most 
probably, the res u l t of increasing the bore of the tube t o 
accommodate large insects. Whatever the cause of the 
disturbances, however, an apparatus which would either avoid 
or overcome the d i f f i c u l t i e s enco\mtered i n the Y-tube was 
necessary before olfactory studies could be gin. 



A s o l u t i o n t o much of the proTDlem was found i n the 
charcoal choice-chamber. This provided f o r the f l i e s an 

area on which t e s t substances could TDO exposed alongside a 
n e i i t r a l area, w i t h an o l f a c t o r y gradient passing from one t o 
the other. Using t h i s apparatus, i t was possihle t o observe 

the experimental f l i e s as i n d i v i d u a l s . This f a c t soon made 
i t c l e a r t h a t a t t r a c t a n t s possess varying degrees of 
a t t r a c t i v e n e s s f o r separate i n d i v i d u a l s of the same population^ 
i n s p i t e of the u n i f o r m i t y of "breeding and experimental 
c o n d i t i o n s . The nature of the apparatus made i t necessary 
t o use r e l a t i v e l y small q.\aantities of t e s t m a terials i n order 
t o avoid s a t u r a t i o n of the a i r i n the arena. This was an 
advantage i n t h a t i t reduced the r i s k of obtaining r e s u l t s 
from i n s e c t s rendgred abnormal by over-exposure t o the 
o l f a c t o r y s t i m u l i being t e s t e d . When a na t \ i r a l aibstance 
such as f l e e c e was used, or d i l u t e concentrations of other 
m a t e r i a l s , the charcoal adsorbed e f f i c i e n t l y and was not 
rapi(Oiy exhausted. Some t e s t s w i t h f l e e c e , designed t o 
observe possible d i f f u s i o n i n the arena, i n d i c a t e d t h a t even 
a f t e r s i x t y miijutes, a gradient s t i l l e x isted. The insects 
continued t o respond t o the f l e e c e as r e a d i l y at the end of 
t h i s time as at the outset of the readings. 

One f d l u r e attached t o the choice-chamber, and t h i s 
was i t s i n a b i l i t y t o t e s t the re^onses of insects i n a 
moving a i r - c u r r e n t . But apart from t h i s l i m i t a t i o n , the 



apparatus, and the experimental technique which developed 
w i t h i t , provided most of the conditions which have come t o 
he regarded as necessary i n o l f a c t o r y studies. And, perhaps 
not l e a s t important, the i n s e c t s emerged fiom the apparatus 
a f t e r t e s t i n g v/ithout showing any signs of i n j u r y or 
ahnormality. 

With a s u i t a h l e apparatus established, sane m u t i l a t i o n 
experiments were performed on h l o w f l i e s of the species 
L . s e r i c a t a and L.cuprina. These i n d i c a t e d t h a t f o r the two 
species named, o l f a c t o r y perception i s centred i n the 
antennae. Later h i s t o l o g i c a l studies diowed t h a t the 
antennae are r i c h l y supplied w i t h sense organs. 

I t i s now r e a l i s e d t h a t i n i n s e c t s i n general, the 
antennae, although p r i m a r i l y concerned w i t h o l f a c t i o n , are 
also provided w i t h s e n s i l l a capahle of response t o other 
s t i m u l i . Examples include the t a c t i l e h a i r s and taaperature 
receptors on the antennae of Shodnius, descrihed "by 
Wiggleswortji and G i l l e t t (1934), and the hygroreceptors on 
the antennae of ColeopterS^., described hy Roth and W i l l i s 
(1951). Some ejsperiments on L. s e r i c a t a i n the coarse of 
the present work showed t h a * antennal-loss rendered these 
i n s e c t s incapahle of o r i e n t a t i n g themselves i n a humidity 
g r a d i e n t , Steiner (1942) has shown t h a t i n the "blowfly 
Phormia regina, the antennae act as "both o l f a c t o r y and 
humid^'ty receptors; without the antennae t h i s insect responds 
t o g u s t a t o i y and v i s u a l s t i m u l i only. 



I t i s probable, t h e r e f o r e , t h a t i n the insects studied 
d u r i n g the work descilbed here, the receptors observed on 
the t h i r d antennal segment are not a l l concerned w i t h 
o l f a c t o r y perception. I t i s not yet possible t o be d e f i n i t e 
about the exact l o c a t i o n of t h i s sense, although the pegs of 
the compound p i t s with t h e i r t h i n and permeable composition 
immediately suggest themselves as o l f a c t o r y organs. 

Lieberraann's survey of the antennae of the Muscids i s 
based on the assumption t h a t a l l the sensory pegs on the 
t h i r d antennal segment are concerned w i t h o l f a c t o r y perception. 
On t h i s b a s i s , the r e a i l t s of h i s work suggest that a 
r e l a t i o n s h i p e x i s t s between the number of pegs and the mode 
of ibife of p a r t i c u l a r i n s e c t s . No c o r r e l a t i o n of t h i s k i n d 
has emerged durin g the present work, although the species 
i n v o l v e d are r a t h e r c l o s e l y r e l a t e d i n t h e i r o v i p o s i t i o n 
h a b i t s . I f the a b i l i t y t o perceive r e l a t i v e l y f a i n t odours 
i s based on a numerical advantage i n sasory equipment, as 
Liebermann's t h e s i s suggests, i t i s impossible t o e x p l a i n 
the d i f f e r e n c e s i n behaviour between the sheep b l o w f l i e s , 
and the less s p e c i f i c b l o w f l i e s l i k e L.caesar and L. i l l u s t r i s . 
The two l a t t e r are as w e l l equipped i n the sensory apparatus 
of the t h i r d antennal segment as L . s e r i c a t a and L.cuprina. 
An a l t e r n a t i v e e:5p l a n a t i o n , based on the present work, 
suggests t h a t the perception of olfectory s t i m u l i has a 
q u a l i t a t i v e r a t h e r than a q u a n t i t a t i v e basis. As described 



m. 

e a r l i e r , the o l f a c t o r y organs are recognised as chemoreceptors 
of extreme s e n s i t i v i t y , capahle of stimulatiQn by very d i l u t e 
concentrations of odourous m a t e r i a l . I t i s therefore 
suggested t h a t i n s e c t s w i t h d e f i n i t e and s p e c i f i c habits 

have become h i g h l y s e n s i t i z e d t o the odours associated w i t h 
t h e i r p a r t i c u l a r mode of l i f e , and are responsive t o them, 
even when they are extremely d i l u t e . Consequently, t h e i r 
behaviour i s determined, not so much by the number of 
o l f a c t o r y receptors t h a t they possess, as by the s e n s i t i z a t i o n , 
o f the insect t o s p e c i f i c odours. 

There e x i s t s evidence t h a t the o l f a c t o r y responses of 
i n s e c t s are not s t a t i c , and t h a t they can be modified, w i t h 
t h ^ r e s u l t t h a t c e r t a i n i n d i v i d u a l s may be induced t o toleratze 
or even s e l e c t an odour which o r i g i n a l l y was r e p e l l e n t t o them. 
Crombie (1943) reported t h a t 'tolerance' of methol odour 
developed i n some of h i s experimental in s e c t s . Thorpe (1939) 
us i n g 0,5% peppermint essence succeeded i n producing a 
p o s i t i v e a e n d i t i o n i n g i n Drosophila me3ianogaster a d u l t s , so 
t h a t the o l f a c t o r y re^onses which they made showed a small 
but marked a t t r a c t i o n towards the t e s t odour. Certain 
experiments c a r r i e d out during the present work .involved the 
breeding of b l o w f l y larvae on a menthol medium. Subsequent 
t e s t s showed t h a t the o l f a c t o r y re?) onses of the adults t o 
t h i s substance had been modified s l i g h t l y . A verjr d i l u t e 
q u a n t i t y of menthol (0,2?S) was used. There were some 



i n d i c a t i o n s t h a t 'tolerance' of the new odour was achieved 
by a few i n d i v i d u a l s . But the re?) onses of the conditioned 
samples, as a whole, continued t o show a marked repellence 
from the menthol odour, although not so marked as i n the 
c o n t r o l sanples. 

Examples of divergence of h a b i t w i t h i n a species occur 
n a t u r a l l y and are w e l l known. The f a c t t h a t a s i m i l a r 
e f f e c t can be induced experimentally, o f f e r s some Explanation 
o f the o r i g i n of b i o l o g i c a l races as described by Thorpe 
(1930 and l a t e r ) . I n o l f a c t o r y c o n d i t i o n i n g r e s u l t i n g 
from l a r v a l a s s o c i a t i o n w i t h a n a t u r a l odour, the experiments 
described i n the- present work cannot be compared exactly w i t h 

those of Thorpe. I n the c o n d i t i o n i n g of Hemeritis t o the 
odour of Meliphora which he describes, Thorpe induced a 
response t o a h i t h e r t o \inknown odour, by breeding the larvae 
on an±)normal host. The experimental insects showed signs 
o f , t o quote Thorpe, "becoming accustomed t o " an odour which 
they associated w i t h s a t i s f a c t o r y environmental conditions. 
I n the larvae of L . s e r i c a t a and L.cuprina v/hich were bred on 
sheep f o r the Durham experiments, the host odour was already-
f a m i l i a r t o the a d u l t i n s e c t s , and i s one v/hich i s 
s p e c i f i c a l l y a t t r a c t i v e t o them under c e r t a i n conditions i n 
the f i e l d . But i t was posdODle t h a t the i n i t i a l a t t r a c t a n t 
response v/ould be increased as a r e s u l t of a l a r v a l existence 
passed on a l i v i n g sheep. Before pursuing discussion of tlii§ 



aspect of the o l f a c t o r y work, i t must be emphasized t h a t the 
Durham c o n d i t i o n i n g experiments were not c a r r i e d beyond the 
p r e l i m i n a r y phase, and so comparatively few resailts are 
a v a i l a b l e . At the very l e a s t , however, those reaiLts 
i n d i c a t e t h a t l a r v a l c o n d i t i o n i n g on a l i v i n g sheep cannot 
be d e f i n i t e l y r u l e d out as a possible influence on the 
o l f a c t o r y responses of the adult b l o w f l y . They suggest, 
r a t h e r , t h a t there may be a tendency f o r b l o w f l i e s v i i i c h are 
b red on l i v i n g sheep t o be more s t r o n g l y a t t r a c t e d to samples 
of f l e e c e . There i s also a suggestion t h a t a modified 
response i s apparent i n t h e i r o f f s p r i n g . This indicates 
the p o s s i b l e importance of atteml)t>ing t o c o n d i t i o n several 
succeeding generations. 

The bbwfly problem i n A u s t r a l i a i s of p a r t i c u l a r i n t e r e s t 

i n t h i s context, since i t i s of comparatively recent 

development. One explanation has been put forward by 

Proggatt v/ho a t t r i b u t e d the sudden development of the problem 

t h e r e t o the la~5?ge numbers of sheep carcasses which were 

a v a i l a b l e a f t e r a severe drought. This hypothesis admits 

the existence of a c o n d i t i o n i n g e f f e c t . But i t seems an 

o v e r - s i m p l i f i c a t i o n of the problem t o a t t r i b u t e i t s o r i g i n 

e n t i r e l y t o the presence of sheep carcasses; and i n any case, 

T i l l y a r d and Seddon (1933) have st a t e d t h a t during droughts, 

the carcasses become r a p i d l y unsuitable f o r BloY/flies. The 



same w r i t e r s , i n discussing the development of sheep-breeding 
f o r wool, p o i n t out t h a t breeders have x i n w i t t i n g l y increased 
th6 a t t r a c t i v e n e s s of such sheep. This has been achieved 
by s e l e c t i n g animals w i t h a dense f l e e c e , and also by 
producing a breed whose s k i n i s thrown i n t o f o l d s , thereby 
i n c r e a s i n g i t s wool-carrying capacity. The fleeces of such 
sheep tend t o h o l d moisture, and i n the breech, the products 
of e x c r e t i o n r e t a i n e d there r e s i l t i n p e r s i s t e n t danpness 
and s o i l i n g . 

Mention should be made here of the work of Cragg (1950) 

on L u c i l l a species under Danish c o n d i t i o n s . He observed 

t h a t , w hile L. s e r i c a t a was a t t r a c t e d t o sheep whose 

a t t r a c t i v e n e s s had been enhanced by chemical methods, at no 

time was e i t h e r the b l o w f l y a c t i v i t y , or the number of egg 

batches recorded, equal t o tjjose observed w i t h B r i t i s h 

L . s e r i c a t a . And, as i s w e l l know^, sheep myiasis i s of 

very infrequent occurrence i n Denmark. 

I t i s suggested t h a t some explanation of both the 

development and non-existence of the b l o w f l y problem 

r e s p e c t i v e l y may be found i n the conditions p r e v a i l i n g i n 

the two c o u n t r i e s . I n A u s t r a l i a , l a r g e populations of 

p a r t i c u l a r l y a t t r a c t i v e and susceptible sheep were a v a i l a b l e . 

T h i s , i n con-g.\mction w i t h what i s known of experimentally 

produced divergence of h a b i t , appears t o o f f e r some 

explanation of the as s o c i a t i o n which has developed between 



b l o w f l i e s and l i v i n g sheep. I n Denmark, on the other hand, 
f l o c k s of sheep tend t o be small. Under n a t u r a l c o n d i t i o n s , 
they seldom become a t t r a c t i v e t o b l o w f l i e s . This seems t o 
be, i n p a r t , associated w i t h the dry warm climate which 
p r e v a i l s t h e r e , and also w i t h the microclimate of the f l e e c e . 
I n such circumstances a L . s e r i c a t a population has very l i t t l e 
s timulus t o v i s i t sheep unless t h e i r a t t r a c t i v e n e s s i s 
a r t i f i c i a l l y enhanced. This means t h a t the b l o w f l y 
p o p u l a t i o n i s not normally reared on sheep and there i s a 
tendency t o produce succeeding generations of insects which 
complete t h e i r cycle on a v a i l a b l e c a r r i o n more r e a d i l y 
than on the l i v i n g asheep. 

The b u l k of the present v/ork involved a l a b o r a t o r y 
study o f a v a r i e t y o f blov/fly species and t h e i r re^onses t o 
samples of f l e e c e . I t was found t h a t the l a b o r a t o r y 
behaviour of these i n s e c t s agreed w i t h , and i n some measure 
explained, what i s known of them i n the f i e l d . 

The B r i t i s h s t r a i n of L . s e r i c a t a and L.cuprina are the 
two species f o r which the a t t r a c t i v e n e s s of fleece i s most 
marked. This i s consistent w i t h t h e i r behaviour i n the 
f i e l d i n Great B r i t a i n and A u s t r a l i a r e s p e c t i v e l y , where 
they are responsible f o r a problem of economic importance. 

L.caesar, L . i l l u s t r i s and C.vomltoria. none of vsiiich 
i s acknowledged as a sheep-pest i n t h i s c o i i n t r y , are marked 
o f f by t h e i r behaviour i n the l a b o r a t o r y as a d i s t i n c t group. 



The behaviour of L.caesar i n the l a b o r a t o r y , at l e a s t i n p a r t , 
f i t s i n w i t h what i s known of i t s a c t i v i t y i h those l o c a l i s e d 
areas where i t s t r i k e s sheep i n Great B r i t a i n . I t was 
apparent, during the experiments, t h a t a very small number 
of i n d i v i d u a l s i n each sample was a c t i v e towards sanples of 
f l e e c e . MacLeod (1943) l i s t s L.caesar as an ' a l t e r n a t i v e ' 
s t r i k i n g species, occurring w i t h s u f f i c i e n t l y high frequency 
t o be of economic importance i n c e r t a i n regions, such as the 
n o r t h and n o r t j i -west of Scotland, and northern England. 
Bracken and heather-type grazings appear t o be associated 

w i t h the s p e c i a l c o n d i t i o n s which r e s u l t i n L.caesar causing 
s t r i k e . I t has been suggested t h a t bracken f© nds o f t e n 
become tangl e d i n the neck wool. I f these decay, they may 
render the sheep abnormally a t t r a c t i v e . SecondaryJ s t r i k e s ̂ jy 
L.caesar, on sheep already s t r u c k by L . s e r i c a t a , are also 
q i i t e common. This tjrpe of behaviour may be explained by 
the f a c t t h a t c e r t a i n L.caesar i n d i v i d u a l s do e x i s t which 
appear t o r e ^ o n d t o the a t t r a c t i v e n e s s of f l e e c e . Where 
these coincide w i t h a sheep of heightened a t t r a c t i v e n e s s , and 
w i t h the clbimatic f a c t o r s which enhance i t , the conditions 
r e q u i r e d f o r a t t r a c t i o n and o v i p o s i t i o n t o occur are provided. 

The A u s t r a l i a n L . s e r i c a t a occupies an intermediate 

p o s i t i o n . I t i s s i g n i f i c a n t l y d i f f e r e n t , i n i t s behaviour 

t o f l e e c e , frcm the B r i t i s h s t r a i n , and also from the caesar-

i l l u s t r i s group t o which i t has been liken e d . I n the f i e l d 



1^0. 

t h i s f l y i s not known t o i n i t i a t e an a t t a c k on l i v i n g sheep, 
but i t o v i p o s i t s on sheep already s u f f e r i n g from myiasis 
when they are consequently more than normally atlJ&ctive. 
A comparison of the two A u s t r a l i a n species studied i l l u s t r a t e s 
a s i t u a t i o n i n which, under n a t u r a l c o n d i t i o n s , L.cuprina has 
a b i o l o g i c a l advantage. Being an insect of hot and arid, 
r egions, f o r which L , s e r i c a t a i s \msuited, i t populates 
those areas t o v/hich the pure Merino breed i s most suite d . 
Sheep are excluded from the coastal regions because the 
humidity f a c t o r which would favour L. s e r i c a t a also makes 
these areas i d e a l f o r a g r i c u l t u r e and d a i r y farming. I n 
the few regions where the two species e x i s t side by side, 
L. s e r i c a t a i s recognised as secondary i n importance t o 
L. cuprina. Although described as morphologically s i m i l a r t o 
the B r i t i s h L . s e r i c a t a , the A u s t r a l i a n s t r a i n re?) onds t o the 
a t t r a c t i v e n e s s of sheep ( i n the f i e l d ) and fleece ( i n the 
l a b o r a t o r y ) at a l e v e l low enough t o mark i t o f f as d i f f e r e n t 
i n behaviour Brom the species as i t e x i s t s i n western Europe. 

The two Danish s t r a i n s of L. s e r i c a t a d i f f e r e d from each 
other c o n s i s t e n t l y through the s e r i e s of experiments, although 
the d i f f e r e n c e i s not s i g n i f i c a n t . The ' c i t y s t r a i n ' i s 
markedly d i f f e r e n t from the B r i t i s h one, although those 
trapped i n the Mols area can be induced t o o v i p o s i t on sheep 
under c e r t a i n c o n d i t i o n s . The f a c t t h a t the Danish ' c i t y 
s t r a i n ' i s less responsive t o samples of fleece may be 



c o r r e l a t e d w i t h the f a c t t h a t they come fro ra an area where 
sheep are not a v a i l a b l e . What would be of i n t e r e s t i n 
t h i s connection, and what has not yet been possible, would 
be the opp o r t u n i t y t o compare the behaviour of c i t y - t r a p p e d 
B r i t i s h L . s e r i c a t a w i t h t h a t of a s t r a i n frcm a sheep-farming 
area. 

Summarising the conclusions drawn from t h i s work, i t 

can be said t h a t although the a c t i v i t y of a b l o w f l y population 

w i t h regard t o sheep i s r e l a t e d t o many f a c t o r s , among the 

most important of these are c l i m a t i c c o n d i t i o n s . I n the 
e f f e c t s they produce these may act so as t o favour the insect 
concerned b i o l o g i c a l l y ; or they may, together w i t h e c o l o g i c a l 
f a c t o r s , a i d i n producing more than normally a t t r a c t i v e sheep, 
or sheep which are. remarkable f o r t h e i r lack of n a t u r a l 
a t t r a c t i v e n e s s . I n the u n i f o r m i t y of the lab o r a t o r y , b o t j i 
i n the c o n d i t i o n s o f breeding and of the experimental 
apparatus, the divergence i n behaviour of the species 
continued t o be apparent, and t o r e f l e c t the d i v e r s i t y of 

b l o w f l y behaviour as i t i s known from f i e l d studies i n the 
regions represented by the f l i e s . And there remans the 

p o s s i b i l i t y , which on the s t r e n g t h of the evidence i t i s 

p o s s i b l e n e i t h e r t o accept nor dismiss, t h a t a c o n d i t i o n i n g 

e f f e c t i s at work. I f so, i t must operate alongside the 

e c o l o g i c a l f a c t o r s i n those regions where sheep myiasis i s 
common, tending t o promote i t s incidence. 
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A P P E N D I X 

THE DEVELOPMENT OF A BREEDING MEDIUM MP TECHtTIQUE. 

The s t e r i l e synthetic medium described hy Lennoz (1939) 
was developed for rearing L»cuprina larvae, and the technique 
adopted i n Durham was based on t h i s , see Cragg and Cole (1952). 

The f i r s t hatches of larvae were fed on Lennox's enriched 
medium, which contained 93% hlood serum dissolved i n d i s t i l l e d 

water, 6.7% dry yeast and a trace of sodium chloride. This 
medium proved very suitable for rearing larvae of L. sericata 
and produced maggots which compared favourably i n weight 
with those reared, i n the normal way, on meat. I t was, 
however, an unwieldy mixture to make up, and after several 

t±ials, a medium of the follov/ing type was evolved. 
Fresh Blood Medium 

100 ml. fresh slaughter-house blood 
7 ml. d i s t i l l e d water 

6.7 g. dry brewer's yeast 
0.5 g. agar-agar 
0.3 g. sodium chloride 
0.3 g. potassium phosphate 

Method: 
A l l the dry materials were put i n a 250 ml. f l a s k and 

shaken up together. . The blood and d i s t i l l e d water were 
then poured i n . The f l a s k was rotated gently, u n t i l a l l 
the dry materials were dissolved or i n a fine suspension i n 
the blood. A close f i t t i n g cotton wool plug was inserted 
i n the neck of the f l a s k which was then put i n an autoclave 
for 15 minutes s t e r i l i s a t i o n at 15 lb. pressure. I t was 



very simple to make up a "batch of f l a s k s containing t h i s 
mixture and autoclave them together. After 'cooking' the 
mixture was spongy and homogeneous i n appearance. 

Eggs were collected from meat i n the "breeding cages 
sane 4 - 5 hours "before being s t e r i l i s e d for the medium. 
At the end of t h i s time they were separated i n a solution of 
1^0 aqueous sodium sulphide for 15 minutes. The sulphide 
was drained off and the eggs washed i n s t e r i l e d i s t i l l e d 
water and poured into a s t e r i l e f i l t e r i n a suction f l a s k , 
the f i l t e r "being covered with a l i d . When the water drained 
away, the eggs were covered with 3% I^ysol for 2 minutes. 
After removal of the Lysol, the eggs were washed several 
times with s t e r i l e d i s t i l l e d water and f i n a l l y transferred 
on a s t e r i l e platinum loop to the f l a s k s containing the "blood 
mediiim. The neck of the f l a s k was flamed "before the plug 
was replaced. 
A Menthol Medium; 

A menthol medium was prepared i n which 0.2 g. menthol 
c r y s t a l s dissolved i n 7 ml. absolute alcohol was added to 
the o r i g i n a l mixture and autoclaved. 

I n order to f i n d out how much, i f any, of the menthol 
survived the s t e r i l i s a t i o n , 0.2g menthol cr y s t a l s were 
dissolved i n a"bsolute.. alcohol iyta f l a s k which was then 
plugged and autoclaved. Another, similar, solution v/as 
made up and -used immediately to o"btain rotations i n the 
polarimeter - i t showed a mean rotation of - 0.32. The 
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menthol solution v/hich had been autoclaved evaporated 

e n t i r e l y , but the f l a s k was rinsed out with absolute alcohol 

and t h i s solution put into the polarimeter -acmean rotation 

of - 0.06 was obtained. A clean f l a s k was rinsed with 

absolute alcohol and the r e a i l t i n g solution gave a positive 

rot>ation of 0.12. Obviously, a large percentage of the 

menthol was l o s t duiing the autoclaving but sufficient 

remained to be detected by the polarimeter and therefore 

s i i f f i c i e n t to affect the larvae during subsequent feeding 

on an autoclaved menthol medium. 


