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1. 

GENERAL INTRODUCTION 

The form of an organism i s c o n t r o l l e d by the i n t e r a c t i o n 

between genotype and environment. The genetic basis of the 

in h e r i t a n c e of s p e c i f i c physical characters has been demonstrated 

i n many organisms ranging from b a c t e r i a to man, and f o r many 

maize. Control by a s i n g l e gene has been shown f o r many of 

these characters. 

The genetic c o n t r o l of the physiology of the organism has also 

been demonstrated. Examples of t h i s can be found i n the studies 

of biochemical mutants of A s p e r g i l l u s and Neurospora. and i n the 

study of such abnormal c o n d i t i o n s i n man as a l k a p t o n u r i a . 

Less study has so f a r been c a r r i e d out on the genetic basis 

of behaviour, and our knowledge i n t h i s f i e l d i s s t i l l very l i m i t e d . 

Before c o n s i d e r i n g some of the previous work of t h i s type, i t i s 

necessary to l i m i t the scope of what i s to be accepted as behaviour 

i n the present study. 

"Behaviour" i s a d i f f i c u l t term to d e f i n e , end a formal d e f i n ­

i t i o n of i t would probably r a i s e more d i f f i c u l t i e s than i t solved. 

I n t h i s work, observations have been l i m i t e d to what i s u s u a l l y 

accepted as normal behaviour. Characters such as i n t e l l i g e n c e and 

pe r s o n a l i t y i n f l u e n c e behaviour i n man, but are f a r removed from 

the a c t i v i t i e s studied here, and have not been considered. Again, 

abnormalities such as w a l t z i n g i n miSe are behavioural i n the broad 

sense/ /vi> -ulii1 ':'>X 

characters i n such widely studied organisms as Drosophila and 
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sense, but the present work i s concerned w i t h normal, i n t e g r a t e d 
behaviour, and the genetic s t u d i e s of characters of t h i s k i n d 
have been disregarded. This gives the present discussion a 
reasonable scope, although i t does debar a number of i n t e r e s t i n g 
studies from c o n s i d e r a t i o n . 

Previous work on re l e v a n t t o p i c s can be d i v i d e d i n t o broad 

classes on the methods employed. The f i r s t of these classes i s 

t h a t i n which work was s t a r t e d from a known genetic d i f f e r e n c e 

between stocks, the behaviour d i f f e r e n c e s between these stocks 

then being studied. Scott (1937 and 1943) showed t h a t inbred 

stocks of Drosophila d i f f e r i n g i n eye colour d i f f e r e d also i n t h e i r 

r e a c t i o n s to l i g h t , and t h a t the d i f f e r e n c e s were not due e n t i r e l y 

t o any d i r e c t e f f e c t of the eye colou r . Bastock (1956) showed 

t h a t yellow bodied males of Drosophiia melanogaster were iess^ 

successful than normal males i n mating w i t h normal females, t h i s 

being due to d i f f e r e n c e s i n the c o u r t s h i p behaviour, and not 

d i r e c t l y to the e f f e c t s of body c o l o u r . 

Comparable work has been c a r r i e d out on other organisms. 

Hovanitz (1953) working on the b u t t e r f l y C o lias showed t h a t forms 

d i f f e r i n g by a monofactorial c o l o u r character had d i f f e r e n t r e ­

a c t i o n s i n the f i e l d t o l i g h t and temperature; Sheppard (1952) 

working on the moth Panaxia dominula showed t h a t females tended 

to p r e f e r males d i f f e r i n g f o r a p a r t i c u l a r gene of major e f f e c t . 

Keeler (194-2) showed t h a t hamsters d i f f e r i n g f o r a gene a f f e c t i n g 

c oat/ 



coat colour d i f f e r e d also f o r a number of behavioural f a c t o r s such 

as rage r e a c t i o n s , annoyance rea c t i o n s and o l f a c t o r y s e n s i t i v i t y . 

Keeler and King (1942) showed t h a t stocks of the Norway r a t d i f ­

f e r i n g i n colour genes also d i f f e r e d i n behaviour, although t h i s 

work was not as conclusive as tha t by Keeler on the hamster. These 

studies suggested t h a t genes w i t h v i s i b l e morphological e f f e c t s might 

also a f f e c t behaviour. They d i d not e n t i r e l y discount the p o s s i b i l i t y 

t h a t the behavioural d i f f e r e n c e s were due to other genetic d i f f e r e n c e s 

between the stocks; f o r example, the genes a f f e c t i n g the behaviour 

might have been l i n k e d w i t h those genes of v i s i b l e e f f e c t s . Even i n 

Drosophila the complete genotypes of a l l members of the stocks used 

could not have been known, and less was known of the genotypes i n the 

other organisms. Also, t h i s method i s l i m i t e d to studies of behaviour 

characters which are connected g e n e t i c a l l y w i t h v i s i b l e c h a r a c t e r s . 

However, the r e s u l t s are i n t e r e s t i n g i f not completely conclusive. 

Hirsch (1958) stated t h a t i n d i v i d u a l d i f f e r e n c e s w i t h i n a popu­

l a t i o n cannot be ignored, or ascribed e n t i r e l y to experimental e r r o r . 

His study of i n d i v i d u a l d i f f e r e n c e s i n geotaxis i n Drosophila (1959) 

employed the technique of chromosome synthesis. Here the v a r i a b i l i t y 

of behaviour was compared w i t h the known chromosomal c o n s t i t u t i o n i n a 

method d i r e c t e d a t studying the sum of gene e f f e c t s r a t h e r than the 

e f f e c t s of si n g l e genes. The behaviour was shown to vary as the 

chromosomal c o n s t i t u t i o n was a l t e r e d . The manipulation of chromosomes 

necessary f o r t h i s technique i s perhaps only possible i n Drosophila at 

the/ 



the moment, but Hirsch (1958) emphasised t h a t there i s no reason 

to suppose t h a t p r i n c i p l e s discovered i n Drosophila should not apply 

to other animals. 

A d i f f e r e n t approach t o behaviour genetics has been to s t a r t 

w i t h a known behavioural s i t u a t i o n and attempt to f i n d i t s genetic 

background. Studies of t h i s k i n d can be d i v i d e d i n t o those which 

deal w i t h a r e l a t i v e l y simple f a c e t of behaviour, and those which 

deal w i t h a l a r g e r more complex behavioural s i t u a t i o n . 

Few examples have been found of the genetic a n a l y s i s of a 

"simple" behavioural s i t u a t i o n such as preference. Herter (1933 

and 1941) showed t h a t a d i f f e r e n c e i n temperature preference between 

two s t r a i n s of mice was c o n t r o l l e d by one gene locus. The study 

by Nachman (1959) of saccharin preference i n mice showed t h a t t h i s 

f a c t o r was under some genetic c o n t r o l , but f a i l e d t o show the nature 

of t h i s c o n t r o l or the number of genes i n v o l v e d . 

The c o n s i d e r a t i o n by Hirsch and Tryon (1956) of mass screening 

f o r a character such as phototaxis i n Drosophila suggested t h a t t h i s 

technique might have the combined b e n e f i t s of large numbers and r e ­

l i a b l e i n d i v i d u a l measurement. Using t h i s technique, Hirsch and 

Bondreau (1959) showed t h a t phototaxis i n Drosophila was a h i g h l y 

h e r i t a b l e c haracter. 

These studies of small f a c e t s of behaviour showed i n each case 

t h a t the character i n question was under genetic c o n t r o l , and have 

also produced an example of s i n g l e gene c o n t r o l of behavioural 

characters./ 



5 . 

characters. 

Much of the work on the genetics of behaviour has been 

d i r e c t e d a t complex characters. Hormann-Heck (1957) studied 

sexual behaviour i n c r i c k e t s , and Goy and Jakway (1959) studied 

sexual behaviour i n female guinea p i g s . I n both s t u d i e s , the 

behaviour complex i n question was analysed, and the r e s u l t s i n 

each case s t r o n g l y suggested t h a t a t l e a s t one of the components 

was c o n t r o l l e d by a s i n g l e gene. Hormann-Heck showed t h a t s t r i d u -

l a t i o n was probably under monofactorial c o n t r o l i n the c r i c k e t s 

G r y l l u s campestris and G r y l l u s maculatus: i t i s i n t e r e s t i n g to 

note t h a t Thorpe (194-0) working on the c r i c k e t Nemobius f a s c i a t u s 

concluded t h a t the form of song was under polygenic c o n t r o l , 
i i 

Hormann-Heck also showed t h a t antennal tr e m b l i n g was c o n t r o l l e d 

by one gene, and t h a t the i n t e n s i t y of l a r v a l f i g h t i n g was probably 

also under monofactorial c o n t r o l . Goy and Jakway showed t h a t 

l o r d o s i s was c o n t r o l l e d by one gene i n the guinea p i g and that 

oestrus was probably c o n t r o l l e d by three genes, which also appeared 

to c o n t r o l other p a r t s of the sexual beheviour, 

Denenberg, Ross, Sawin and Frommer (1957) and Ross, Denenberg, 

Frommer and Sawin (1959) studied the genetic background of reprod­

u c t i v e behaviour i n the r a b b i t , d e a l i n g w i t h complex characters such 

as the r e t r i e v i n g of young by the mother, but reached no c l e a r genetic 

conclusions. The studies by Clarke, Aronson and Gordon (1954) on 

mating behaviour i n Xiphophorin f i s h e s , by Jakway (1959) on mating 

behaviour i n the male guinea p i g , and by Hinde (1956) on some be­

haviour/ 



behaviour p a t t e r n s i n Cardueline f i n c h e s , separated the behaviour 

concerned i n t o smaller pa t t e r n s and attempted genetic analyses on 

these* I n each case the characters were found to have some genetic 

basis, but i n no case d i d the r e s u l t s define the number of genes 

concerned, the conclusion i n each case being t h a t the genetic c o n t r o l 

was polygenic. 

Rats and mice have been subjects f o r a number of studies of 

behaviour genetics presumably because they are animals which have 

been widely studied by psycho l o g i s t s . The characters chosen f o r 

study have o f t e n been complex, and many of them appear to the non-

psychologist to be i l l d efined and l a r g e l y w i t h o u t a good a v a i l a b l e 

measure. Examples are the studies by Brody (1942) and Rundquist 

(1933) on spontaneous a c t i v i t y i n r a t s , and by Dice and Hos l e t t 

(1940) on spontaneous a c t i v i t y i n the deer mouse Peromyscus. I n 

these s t u d i e s , s t r a i n d i f f e r e n c e s were e s t a b l i s h e d , and the character 

of spontaneous a c t i v i t y was shown to have some genetic basis. 

Rundquist and B e l l i s (1933) showed t h a t the r e s p i r a t o r y r a t e of 

a c t i v e r a t s a t r e s t was higher than t h a t of i n a c t i v e r a t s , so t h a t 

the a c t i v e r a t s appeared t o have a higher basal metabolic r a t e than 

the i n a c t i v e ones. H a l l and Lindsay (1938) showed t h a t the a c t i v i t y 

of r a t s was c o n t r o l l e d a t l e a s t p a r t l y by the t h y r o i d gland. Thus 

the measurements of spontaneous a c t i v i t y , i n r a t s a t l e a s t , contained 

measures of the basal metabolic r a t e of the animals considered; t h i s 

character was presumably a f f e c t e d by a number of p h y s i o l o g i c a l processes* 

I t also seems l i k e l y t h a t the measurement of spontaneous a c t i v i t y , ob­

ta i n e d / 



obtained i n these s t u d i e s from the number of times the animal 

v o l u n t a r i l y revolved a recording wheel, would be complicated by 

the w i l l i n g n e s s of the animals to use the wheel. Spontaneous 

a c t i v i t y i s c l e a r l y a complex character. 

D i f f e r e n c e s between s t r a i n s were es t a b l i s h e d by Scott (194-2) 

working on s o c i a l behaviour i n the mouse, and by Thompson (1956) on 

a c t i v i t y i n the mouse. These studies of s t r a i n d i f f e r e n c e s w i t h i n 

a species, where the d i f f e r e n c e s are constant between generations o r 

can be a f f e c t e d by s e l e c t i o n , do suggest t h a t the behaviour i n question 

i s under some s o r t of genetic c o n t r o l . 

The d i f f e r e n c e s between w i l d and tame s t r a i n s of r a t s and mice 

have st i m u l a t e d some genetic study. Yerkes (1913) concluded t h a t no 

si n g l e gene governed savageness, wildness and t i m i d i t y i n r a t s . Coburn 

(1922) used the same techniques as Yerkes working w i t h mice and con­

s i d e r i n g only savageness and wildness, concluding t h a t each t r a i t was 

governed by several genes. Dawson (1932) concluded t h a t wildness and 

tameness i n mice were governed by a few genes, w i t h those f o r wildness 

showing average dominance over those f o r tameness* Stone (1942) work­

i n g w i t h a l b i n o and w i l d type r a t s , showed t h a t these types d i f f e r e d 

h e r i t a b l y i n wildness and savageness. 

I n h i s study of i n s t i n c t i v e behaviour, Tinbergen (195O has shown 

th a t t h i s behaviour i s organised on a h i e r a r c h i c a l b a sis, w i t h the 

complex being made up of a ser i e s of smaller p a r t s , these i n t u r n being 

composed of smaller f a c t o r s , and so on down to the l e v e l of i n d i v i d u a l 

neuromuscular/ 
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neuromuscular responses. I f , as seems l i k e l y , these behaviour 

complexes are g e n e t i c a l l y c o n t r o l l e d , then presumably each of the 

part s of the complex w i l l have i t s own genetic b a s i s . 

I f the behaviour complex i s t r e a t e d as a whole, then a genetic 

complex i s i n v o l v e d , and a Mendelian analysis i s not l i k e l y t o be 

very rewarding. Before any genetic analysis i s attempted the be­

haviour should c l e a r l y be studied i n d e t a i l . R e l a t i v e l y small 

behavioural characters would seem t o be more s u i t a b l e f o r a Mendelian 

a n a l y s i s than complexes; f o r t h i s type of a n a l y s i s i t seems t h a t the 

complex should be analysed i n t o i t s components as f a r as p o s s i b l e , 

and these components studied separately. 

The s t u d i e s by Hormann-Heck and by Goy and Jakway d i d demonstrate 

the numbers of genes i n v o l v e d i n the genetic c o n t r o l of several f a c t o r s 

of behaviour. Had these s t u d i e s been of whole behaviour complexes 

instead of smaller components, however, i t i s h i g h l y u n l i k e l y t h a t the 

number of genes concerned would have been discovered. 

One method which has been used i n an attempt to p a r t i t i o n a be­

haviour complex i s the f a c t o r a n a l y s i s , and a good example of t h i s i s 

to be seen i n the work on maze l e a r n i n g by the r a t , although these 

studies are r a t h e r outside the l i m i t s of acceptable behaviour i n the 

present work. This t o p i c has been c l o s e l y studied by a number of 

workers, f o r example Tryon (1940a and b and 1942), Tryon, Tryon and 

Kuznets (1941 a and b ) . 

The r e s u l t s obtained on maze performance i n the r a t were analysed 

by Wherry (1941) , using s t a t i s t i c a l and mathematical techniques; t h i s 

a n a l y s i s / 



a n a l y s i s suggested t h a t maze performance could be explained on the 

basis of three behavioural f a c t o r s . This type of mathematical f a c t o r 

a n a l y s i s has been a p p l i e d to other behavioural characters i n an attempt 

to s i m p l i f y the undoubted complexity of such phenomena. Thompson 

(1957) a f f i r m e d t h a t complex behaviour must be reduced t o simpler u n i t s 

before genetic a n a l y s i s i s p o s s i b l e , and suggested t h a t mathematical 

f a c t o r a n a l y s i s might be a s u i t a b l e method of b r i n g i n g about t h i s 

s i m p l i f i c a t i o n . He suggested t h a t these f a c t o r s might be st u d i e d 

g e n e t i c a l l y , although a s i n g l e f a c t o r might be governed by a number of 

genes. 

Tryon (1935) had pre v i o u s l y c r i t i c i s e d very s t r o n g l y any such 

approach. His f i r s t c r i t i c i s m was t h a t these f a c t o r s are c a l c u l a t e d 

on the p r i n c i p l e of parsimony, the s o l u t i o n i n v o l v i n g the smallest 

number of f a c t o r s being accepted; t h i s does not agree w i t h the r e s u l t s 

obtained by psy c h o l o g i s t s , who f i n d t h a t many psychological components 

may a f f e c t one u n i t of behaviour. Tryon's second c r i t i c i s m was t h a t 

f a c t o r a n a l y s i s lumps i n d i v i d u a l s i n t o set classes, whereas i n f a c t 

r e a l i n d i v i d u a l d i f f e r e n c e s do occur. He concluded t h a t these mathe­

matical f a c t o r s do not correspond to any r e a l components of behaviour, 

and h i s c r i t i c i s m s would seem to be w e l l founded. This being so, there 

would be l i t t l e p o int i n studying the genetic basis of f a c t o r s , and 

f a c t o r a n a l y s i s could not replace c a r e f u l " p s y c h o l o g i c a l " a n a l y s i s of 

the components of a behaviour complex as a p r e l i m i n a r y to a genetic 

study. Factor a n a l y s i s i s i n t e r e s t i n g , but i t does not seem l i k e l y 
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to help i n a close a n a l y s i s of the genetic basis of a complex behavioural 

s i t u a t i o n . 

A d i f f e r e n t approach has been made to t h i s problem by a number of 

workers, an example being found i n the work of Broadhurst on an em­

o t i o n a l response i n r a t s . H a l l (1934) showed t h a t r a t s defecated and 

u r i n a t e d i n response to c e r t a i n emotional s i t u a t i o n s . Following t h i s 

work, Broadhurst (1957) showed t h a t d e f e c a t i o n and ambulation provided 

r e l i a b l e measures of emotional response i n the r a t , and Das and Broad­

hur s t (1959) e s t a b l i s h e d d i f f e r e n c e s between s t r a i n s of r a t s i n the 

degree of emotional response. Broadhurst (1959) c l e a r l y accepted 

both t h a t t h i s response was a complex p a t t e r n of behaviour which would 

presumably be governed by a number of genes, and t h a t i t was not prac­

t i c a l l y possible to separate the components of t h i s behavioural complex. 

The methods which he used f o r the genetic analysis were those developed 

by Mather (1949) and others f o r studying continuous v a r i a t i o n w i t h a 

polygenic basis. This study by Broadhurst (1959) r e s u l t e d i n an 

accurate assessment of the degree to which the behaviour was governed 

g e n e t i c a l l y , and the i n f l u e n c e of a d d i t i v e gene e f f e c t s , dominance and 

so on. This method of a n a l y s i s w i l l not f i n d the number of genes 

i n v o l v e d , but i t w i l l give more i n f o r m a t i o n on the genetics of behaviour 

than an attempted Mendelian a n a l y s i s of unsu i t a b l e m a t e r i a l . 

S i m i l a r methods were used by McClearn (1959) i n h i s study of the 

genetics of mouse behaviour i n novel s i t u a t i o n s . 

Where a behaviour complex cannot be adequately p a r t i t i o n e d , t h i s 

approach would seem t o be more rewarding than an attempted Mendelian 
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a n a l y s i s . 

There are other d i f f i c u l t i e s inherent i n the genetic a n a l y s i s of 

behaviour, of which the f i r s t i s the accurate measurement of the be­

haviour by the operator. I t i s not easy to f i n d an adequate measure 

f o r a character such as savageness, although i t i s r e l a t i v e l y easy t o 

measure a simple preference r e a c t i o n . 

Another d i f f i c u l t y i s the p l a s t i c i t y of the response of the 

animal t o the experimental s t i m u l u s . Unless the behaviour being 

studied i s so r i g i d t h a t an i n d i v i d u a l w i l l always respond i n e x a c t l y 

the same way to a given s t i m u l u s , then measurement of the behaviour i s 

f u r t h e r complicated by the f l e x i b i l i t y of the response. 

These fea t u r e s of behaviour studies would increase the d i f f i c u l t y 

of e s t a b l i s h i n g the number of genes responsible f o r the behaviour. 

For example, given a f l e x i b l e response by the animal and e r r o r s i n the 

measurement of t h i s response, i t would c l e a r l y be d i f f i c u l t to show 

t h a t a given behavioural d i f f e r e n c e between two s t r a i n s was due t o one 

gene r a t h e r than to a number of genes, as segregation would be d i f f i c u l t 

to demonstrate. Possibly the s c a r c i t y of good examples of s i n g l e gene 

c o n t r o l of behaviour i s due to these d i f f i c u l t i e s of technique, r a t h e r 

than to the fundamental nature of t h i s genetic c o n t r o l . 

A number of studies have been quoted i n which behaviour was shown 

to have some genetic basis. I t can be accepted t h a t there i s a genetic 

background to behaviour, and f u r t h e r demonstrations of t h i s are of l i m ­

i t e d i n t e r e s t . Studies which enumerate the genes responsible f o r 
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p a r t i c u l a r behaviour characters would be of more i n t e r e s t now, as 

would determinations of the r e l a t i v e importance of genotype and 

environment i n f i x i n g behaviour. I t would also be i n t e r e s t i n g to 

see the way i n which genes might a f f e c t behaviour, but t h i s i s o u t ­

side the scope of the present study. 

Thus, the c h i e f requirements f o r a genetic analysis would seem 

to be behaviour which has been c l o s e l y analysed, and a good technique 

of measurement. Consideration of previous e c o l o g i c a l work on blow­

f l i e s suggested t h a t t h i s was a f i e l d i n which these requirements were 

met. What appeared to be a d i f f e r e n c e between s t r a i n s i n a r e l a t i v e l y 

simple o l f a c t o r y preference had been demonstrated, and a technique f o r 

the measurement of t h i s preference i n i n d i v i d u a l s was a v a i l a b l e . The 

present work was d i r e c t e d a t a genetic analysis of t h i s d i f f e r e n c e , but 

f i r s t the behaviour had to be studied f u r t h e r . 



PART I . BEHAVIOUR STUDIES IN LUCILIA SERICATA 

1. INTRODUCTION 

I t has been known f o r some time t h a t myiasis i n sheep, or sheep 

s t r i k e , i s caused by b l o w f l i e s . Eggs are l a i d on the l i v i n g animal; 

on hatching, the larvae feed on the tissues of the host, making 

wounds which may s e r i o u s l y impair the c o n d i t i o n of the sheep. I n ­

se c t i c i d e s such as DDT and D i e l d r i n are now used to combat t h i s pest, 

but before these were a v a i l a b l e b l o w f l i e s had been i n t e n s i v e l y studied 

i n an attempt to f i n d some b i o l o g i c a l method of c o n t r o l . S a l t (1932) 

concluded t h a t the problem could not be solved by f i e l d l i m i t a t i o n of 

bl o w f l y p o p u l a t i o n s , since t h e i r reproductive p o t e n t i a l was so great 

t h a t there was no adequate way of reducing t h e i r numbers i n the f i e l d . 

myiasis i s a problem found i n most cou n t r i e s which rear large 

numbers of sheep, but i t i s not always caused by the same species of 

b l o w f l y , nor does myiasis i n one country involve only one species of 

b l o w f l y . W.M. Davies (1934-) showed t h a t L u c i l i a s e r i c a t a was the f l y 

c h i e f l y responsible f o r sheep s t r i k e i n North Wales; MacLeod (1943b) 

showed t h a t t h i s same species was the one c h i e f l y responsible f o r 

i n i t i a t i n g s t r i k e i n B r i t a i n . Other b l o w f l i e s are o f t e n found 

associated w i t h s t r i k e i n B r i t a i n , but these almost always o v i p o s i t 

a f t e r the sheep has been st r u c k by L u c i l i a s e r i c a t a . Thus, L u c i l i a 

s e r i c a t a i s the primary sheep b l o w f l y i n B r i t a i n , the others being 

secondary. 

I n A u s t r a l i a , L u c i l i a s e r i c a t a i s a secondary b l o w f l y , L u c i l i a 
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cuprina being the c h i e f primary sheep b l o w f l y ( as shown by 1.111. 
Mackerass and M.J. Mackerass (1944), I.M. Mackerass and F u l l e r (1937) 
and the J o i n t B l o w f l y Committee (1933). Lewis (1933) stated t h a t 
both L u c i l i a s e r i c a t a and L u c i l i a cuprina were associated w i t h sheep 
s t r i k e i n Kenya, but d i d not d i s t i n g u i s h primary from secondary blow­
f l i e s . Smit (1931) s t a t e d t h a t L u c i l i a s e r i c a t a was the most im­
po r t a n t sheep b l o w f l y i n South A f r i c a , but d i d not d i f f e r e n t i a t e 
L u c i l i a s e r i c a t a from L u c i l i a cuprina taxonomically; Hepburn (1943a) 
s t a t e d t h a t L u c i l i a cuprina was the c h i e f primary b l o w f l y i n South 
A f r i c a . U l l y e t t (1945) suggested t h a t these two f l i e s were not 
separate species, a t l e a s t i n South A f r i c a , but Waterhouse and 
Paramanov (1950) confirmed t h a t they were separate. Waterhouse and 
Paramanov also s t a t e d t h a t L u c i l i a cuprina occurred i n North America, 
but was not associated w i t h sheep s t r i k e there; Messer and McLellan 
(1935) s t a t e d t h a t L u c i l i a s e r i c a t a was also present i n North America, 
but d i d not play any part i n sheep s t r i k e . Cragg (1950b) stated t h a t 
L u c i l i a s e r i c a t a occurred i n Denmark, where myiasis i s of very rare 
occurrence. 

This i s an i n t e r e s t i n g b i o l o g i c a l s i t u a t i o n , w i t h the same species 

i n d i f f e r e n t areas having d i f f e r e n t r e l a t i o n s to sheep. B l o w f l i e s , 

i n c l u d i n g L u c i l i a s e r i c a t a and L u c i l i a cuprina. can complete t h e i r 

l i f e cycle s a t i s f a c t o r i l y i n the absence of sheep w i t h c a r r i o n as the 

breeding medium, and much work has been devoted to f i n d i n g the reasons 

f o r the females sometimes t o o v i p o s i t on l i v e sheep. 

Where myiasis occurs, the g r a v i d females are a t t r a c t e d to the 
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sheep by some o l f a c t o r y s t i m u l i ; t h i s conclusion has been reached 

by a number of workers, i n c l u d i n g Smit (1931), I.M. Mackerass (1936) 

and Waterhouse (1946a), and a wide v a r i e t y of possible a t t r a c t a n t s 

have been st u d i e d . Substances produced by the a c t i o n of ba c t e r i a 

on the fleece have been c i t e d as a t t r a c t a n t s by Johnston (1923), 

Seddon (1931), HoIdaway and Mulhearn (1934b), Evans (1936), and 

Belschner (1937). Hobson (1936) showed th a t wool y o l k , a f a t t y 

substance found i n f l e e c e , was a t t r a c t i v e to b l o w f l i e s , and B u l l (1931) 

showed th a t d e r m a t i t i s made a sheep more a t t r a c t i v e . Froggatt (1925) 1 

HoIdaway (1932) and Hobson (1941) showed t h a t scouring and s o i l i n g 

of the fleece by faeces and ur i n e increased the s u s c e p t i b i l i t y of the 

sheep t o a t t a c k by b l o w f l i e s ; t h i s i s supported by the high incidence 

of s t r i k e on the hindquarters and c r u t c h , mentioned by a number of authors, 

f o r example MacLeod (1943). Monnig (1943) showed th a t s t r i k e wounds 

increased the s u s c e p t i b i l i t y of the sheep t o a t t a c k . Seddon, Belschner 

and Mulhearn (1931) showed t h a t sheep d i f f e r e d widely i n t h e i r sus­

c e p t i b i l i t y to b l o w f l y a t t a c k , and were able to p r e d i c t the order of 

s u s c e p t i b i l i t y of d i f f e r e n t groups of sheep; Hobson (1936b) also 

noted the d i f f e r e n c e s between i n d i v i d u a l sheep i n t h e i r a t t r a c t i v e n e s s 

to b l o w f l i e s . 

Hobson (1935^) showed t h a t substances associated w i t h p u t r e f a c t i o n 

encouraged o v i p o s i t i o n when placed on l i v e sheep i n the f i e l d , and t h i s 

was confirmed by I.M. Mackerass and M.J. Mackerass (1944)• A number 

of p u t r e f a c t i v e substances have been teste d i n the l a b o r a t o r y and i n 
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the f i e l d f o r t h e i r power to a t t r a c t b l o w f l i e s * Freney (1932a) 

showed t h a t sodium sulphide and decomposed k e r a t i n were both a t t r a c t i v e 

to b l o w f l i e s ; Hobson (.1936b) showed t h a t indole and skatole were a t ­

t r a c t i v e ; Cragg (1950a) showed th a t the breakdown products of cysteine 

increased the a t t r a c t i o n of sheep, and Cragg and Ramage (1945) showed 

tha t pads of indole and ammonium carbonate strapped onto sheep increased 

the amount of o v i p o s i t i o n i n the f i e l d . Cragg and Thurston (1950) 

compared a number of these chemical a t t r a c t a n t s f o r t h e i r e f f e c t s on 

o v i p o s i t i o n . Perhaps the most s t r i k i n g evidence f o r the importance of 

o l f a c t o r y s t i m u l i on o v i p o s i t i o n , however, comes from the observation by 

Hepburn and Nolte (1943) t h a t the flowers of Stapelia f l a v i r o s t r i s . which 

give o f f an odour l i k e t h a t of decomposing c a r r i o n , were s t r o n g l y a t ­

t r a c t i v e t o , and encouraged o v i p o s i t i o n by, L u c i l i a cuprina i n South 

A f r i c a . 

Thus a number of o l f a c t o r y s t i m u l i have been considered i n r e l a t i o n 

to s t r i k e , and the p o s i t i o n i s made more complicated by con s i d e r a t i o n 

of the e f f e c t s of d i f f e r e n t fleece h u m i d i t i e s on s t r i k e . An im­

po r t a n t c o n t r i b u t i o n to t h i s t o p i c has been made by MacLeod ( l940) t 

who separated s t r i k e i n t o two main components; blow, or o v i p o s i t i o n 

on the sheep, and s t r i k e , the establishment of the p a t h o l o g i c a l con­

d i t i o n . The o l f a c t o r y s t i m u l i to which the females react are p a r t 

of the mechanism which brings about blow; f l e e c e humidity i s l i k e l y 

to be of more importance i n l i m i t i n g the hatching of the eggs and the 

establishment of the l a r v a e . I t i s i n t e r e s t i n g to note t h a t Cousin 

(1929) suggested t h a t female L u c i l i a s e r i c a t a lay i n response to the 
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appropriate s t i m u l i f o r o v i p o s i t i o n , not because of c o n d i t i o n s which 
Avould favour the s u r v i v a l of the eggs and larvae; t h i s i s s t r o n g l y 
supported by the e f f e c t of the flowers of St a p e l i a f l a v i r o s t r i s on 
L u c i l i a cuprina i n South A f r i c a . 

O v i p o s i t i o n on l i v i n g sheep i s c l e a r l y a complex of behaviour, 

i n v o l v i n g a complex of s t i m u l i . Cragg (1950a) suggested t h a t f i n d i n g 

the sheep and o v i p o s i t i n g were two separate components, a f f e c t e d by 

d i f f e r e n t s t i m u l i . The f i r s t p a r t i s c l e a r l y governed l a r g e l y by the 

response of the f l y t o o l f a c t o r y s t i m u l i from the sheep. Cragg 

suggested t h a t the b a c t e r i a l f l o r a of the s k i n might be important i n 

determining whether or not the f l y then o v i p o s i t e d , and Mackerass and 

Freney (1933) considered t h a t b a c t e r i a l a c t i v i t y on the s k i n was 

necessary f o r the establishment of the l a r v a e . Waterhouse (1947a) 

and Rogoff and Barton Browne (1958) have shown t h a t t a c t i l e s t i m u l i 

are also involved i n o v i p o s i t i o n on sheep. 

Once the eggs have been l a i d , f u r t h e r f a c t o r s i n f l u e n c e the 

establishment o f s t r i k e . Evans (1934) showed t h a t the eggs of 

L u c i l i a s e r i c a t a l o s t water more r e a d i l y at low humidity than h i g h , 

and L. Davies (1948a and b, 1949) showed t h a t high h u m i d i t i e s were 

necessary f o r the eggs to survive and hatch, e s p e c i a l l y a t high tem­

peratures. Wardle (1930) and Evans (1935a) showed th a t larvae and 

pupae could not withstand low h u m i d i t i e s , e s p e c i a l l y a t high tem­

peratures. 

The need of the eggs f o r high humidity explains the importance 

of a high fleece humidity i n the establishment of s t r i k e , an im­
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importance which was noted by W.M. Davies and Hobson (1935)* 

Holdaway and Mulhearn (1934a) showed t h a t sweating i n sheep encouraged 

s t r i k e , while Cragg and L. Davies (1947) and L. Davies (1948) showed t h a t 

sweating could r a i s e the f l e e c e humidity to a l e v e l at which the l i m ­

i t i n g f a c t o r to s t r i k e i n clean healthy sheep was o v i p o s i t i o n , not the 

development of the eggs. Nolte (1943) suggested t h a t s u i n t , ( a waxy 

substance present i n unwashed f l e e c e ) , being hygroscopic, might help to 

maintain a high f l e e c e humidity. 

A number of studies have been made of the d i e t a r y requirements 

of b l o w f l y l a r v a e , f o r example by Hobson (1935a, c and d) and Mack­

erass and Freney (1933). Hobson (1933 and 1935c) showed t h a t larvae 

c u l t u r e d on a blood medium grow best i f b a c t e r i a are present, and t h a t 

larvae on an aseptic medium lack v i t a m i n B which b a c t e r i a can provide* 

Hobson (1931) also showed th a t the larvae of L u c i l i a s e r i c a t a l i q u e f y 

t h e i r food, t a k i n g i n t o the gut l i q u i d s w i t h small p a r t i c l e s . A very 

i n t e r e s t i n g f e a t u r e here i s t h a t Hobson (1931b) showed t h a t the larvae 

of B r i t i s h L u c i l i a s e r i c a t a . which i n i t i a t e s t r i k e , excrete a c o l l a g -

enase which would help them to penetrate the s k i n of a l i v e sheep; 

Messer and MacLellan (1935) found no collagenase i n the l a r v a l excreta 

of American L u c i l i a s e r i c a t a . which are not involved i n s t r i k e . This 

d i f f e r e n c e could c l e a r l y be an important f a c t o r i n determining the 

e f f i c i e n c y of a primary p a r a s i t e . 

The biochemical changes i n pupation have been studied by Evans 

(1952), and W.M. Davies (1934) showed t h a t , under optimum c o n d i t i o n s , 
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larvae could pupate a f t e r only t h i r t y s i x hours of feedi n g . 

Sheep s t r i k e i s c l e a r l y a process which comprises a series of 

p a r t s , each p a r t i n v o l v i n g a number of f a c t o r s . F i r s t the female 

must be a t t r a c t e d to the sheep; t h i s i s l a r g e l y due to o l f a c t o r y 

s t i m u l i . Then o v i p o s i t i o n must occur; t h i s i n v o l v e s t a c t i l e , and 

possibly other o l f a c t o r y s t i m u l i . The eggs must then hatch, and t h i s 

i s governed by the temperature and humidity of the f l e e c e , which i n 

t u r n are a f f e c t e d by sweating and probably by c l i m a t i c c o n d i t i o n s . 

F i n a l l y the larvae must be able to e s t a b l i s h themselves and feed; 

the b a c t e r i a l f l o r a of the s k i n might be important here, and poss i b l y 

the e x c r e t i o n of collagenase by the larvae determines t h e i r a b i l i t y to 

produce the t y p i c a l s t r i k e wounds. Of t h i s complex, the part studied 

i n the present work was the r e a c t i o n of the f l i e s to o l f a c t o r y s t i m u l i . 

Hobson (1935b) showed t h a t some substance produced by healthy 

sheep was a necessary p a r t of the o l f a c t o r y stimulus which a t t r a c t s 

f l i e s to the sheep, and he termed t h i s n a t u r a l odour the sheep f a c t o r . 

Cragg and Ramage (1945) obtained o v i p o s i t i o n on moist c l i p p e d f l e e c e 

on which were placed pads of co t t o n wool c o n t a i n i n g indole and ammonium 

carbonate; t h i s showed t h a t the l i v e sheep was not necessary f o r o v i ­

p o s i t i o n , and suggested t h a t the sheep f a c t o r was t o be found i n f l e e c e . 

Cragg and Cole (1956) then test e d the a t t r a c t i v e powers of fleece i n the 

l a b o r a t o r y . 

Laboratory reactions of b l o w f l i e s to o l f a c t o r y s t i m u l i had pre­

v i o u s l y been studied by several workers. Crombie (1944) used a Y 

tube olfactometer to study the r e p e l l e n t powers of menthol; a mod­
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m o d i f i c a t i o n of t h i s w e l l known method was suggested by Lee (1937). 

and Hepburn (1943d) discussed a l a b o r a t o r y t r a p method f o r studying 

tropisms of b l o w f l i e s . These methods a l l have as a common fe a t u r e 

the f a c t t h a t the response by an i n d i v i d u a l f l y i s a l l or nothing; 

the f l y e i t h e r does or does not enter the tube or the t r a p c o n t a i n i n g 

the t e s t substance. The st r e n g t h of the r e a c t i o n i s measured by the 

pr o p o r t i o n of f l i e s tested which react to the st i m u l u s . 

The method used by Cragg and Cole, described i n f u l l by Cole 

(1953) d i f f e r s from these i n p r i n c i p l e . This method, described 

below, i s based on a continuous measurement, made by the f l y over a 

f i x e d l e n g t h of time i n a choice chamber, of the stimulus; t h i s gives 

a measure of the degree of r e a c t i o n of the i n d i v i d u a l under t e s t , r a t h e r 

than c l a s s i f y i n g the i n d i v i d u a l as r e a c t i v e or non r e a c t i v e . This 

method made i t possible to study i n d i v i d u a l s as w e l l as populations, 

but s u f f e r e d from the disadvantage of being a r a t h e r slow procedure. 

Using t h i s choice chamber technique and employing several d i f f e r e n t 

types of f l e e c e , Cole (1955) and Cragg and Cole (1956) found t h a t there 

was l i t t l e d i f f e r e n c e i n a t t r a c t i o n between fleeces from d i f f e r e n t 

breeds of sheep, and t h a t t h i s a t t r a c t i o n was re t a i n e d even by fl e e c e which 

was two years o l d . Nor were the r e s u l t s d i f f e r e n t when the f l o o r of the 

choice chamber was wet, except i n the case of L u c i l i a c u p r i n a . 

T h e i r r e s u l t s showed t h a t B r i t i s h L u c i l i a s e r i c a t a females gave a 

s l i g h t l y higher r e a c t i o n to f l e e c e a t an age of about s i x days than on 

the day of emergence, while mature males gave no r e a c t i o n . I f the 

females were kept w i t h no access to meat the r e a c t i o n was found to f a l l 

s l i g h t l y / 
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s l i g h t l y , as i t d i d i n females which were provided w i t h meat but 

allowed no access to males; i f the females had access to n e i t h e r 

males nor meat, the r e a c t i o n a t m a t u r i t y was found to be lower s t i l l . 

For none of these treatments, however, d i d the wool r e a c t i o n d i f f e r 

s i g n i f i c a n t l y a t the .01 l e v e l of p r o b a b i l i t y from t h a t of normal 

females. The ovaries were shown not t o develop i n the absence of 

meat, and i t was concluded t h a t the wool r e a c t i o n a l t e r e d w i t h changes 

i n the p h y s i o l o g i c a l s t a t e of the females and was a f f e c t e d by the con­

d i t i o n of the o v a r i e s . 

Having established t h a t the f l i e s reacted to fleece under l a b ­

o r a t o r y c o n d i t i o n s , Cragg and Cole then compared the reactions of 

mature females of d i f f e r e n t species, and of d i f f e r e n t s t r a i n s of 

L u c i l i a s e r i c a t a . A l l s t r a i n s of L u c i l i a s e r i c a t a were found to give 

higher reactions than other species of b l o w f l i e s , while d i f f e r e n c e s 

were found between s t r a i n s w i t h i n the species. B r i t i s h females gave 

a higher r e a c t i o n than A u s t r a l i a n , while the r e a c t i o n of Danish females 

was intermediate between the two. Small d i f f e r e n c e s were found between 

Danish f l i e s from a stock c o l l e c t e d i n Copenhagen and those from a stock 

c o l l e c t e d i n Mols, J u t l a n d . 

Thus Cragg and Cole found, amongst other t h i n g s , a method of 

measuring a behaviour character, the wool r e a c t i o n of these f l i e s , 

and e s t a b l i s h e d a measurable behaviour d i f f e r e n c e between s t r a i n s of 

L u c i l i a s e r i c a t a . This method was used i n the present work, which 

was s t a r t e d w i t h a c l o s e r study of the behaviour i n question, and of the 

d i f f e r e n c e s between s t r a i n s . 
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2. DESCRIPTION OF APPARATUS AND METHOD 

The apparatus used i n the present work was that used by Cragg 

and Cole (see Cole 1953) and w i l l be only b r i e f l y described here. 

The apparatus was a choice chamber c o n s i s t i n g of a c i r c u l a r 

glass tank of diameter 29 cms. i n which was c l o s e l y f i t t e d a 

Perspex t r a y two centimetres from the top of the tank. The t r a y 

was d i v i d e d i n t o two equal, shallow compartments, one of which held 

the t e s t substance while the other held activaLed charcoal. Over 

the t r a y , and f i t t i n g c l o s e l y w i t h i n the tank, rested a muslin f l o o r 

held taut by a p a i r of t h i n metal hoops. A glass sheet covered the 

whole, l e a v i n g a space of two centimetres between roof and f l o o r i n 

which the f l i e s being tested could move a c t i v e l y and even make short 

f l i g h t s . See Figure 1. I n t h i s apparatus any substance given o f f 

by the fleece which provided an o l f a c t o r y stimulus f o r the f l i e s 

was absorbed by the charcoal so that an o l f a c t o r y g r a d i e n t was set 

up. With no d i f f e r e n c e i n stimulus w i t h i n the apparatus, the f l y 

being t e s t e d would presumably d i v i d e i t s time equally between the 

two sides. A d e v i a t i o n from e q u a l i t y i n these times was assumed to 

r e f l e c t the a t t r a c t i v e power of the fleece i f t h i s provided the only-

d i f f e r e n c e between the two sides. 

The apparatus was used i n a constant temperature room at a 

temperature of 2J°C and a r e l a t i v e humidity of about 50£>. The only 

i l l u m i n a t i o n was a /(.0W Argenta type bulb suspended over the centre 

of the apparatus. Half way through each t e s t the chamber was r o t a t e d 
o 

through 180 to reduce the e f f e c t of any e x t e r n a l d i f f e r e n c e between 

the/ 
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the two sides. 

Cragg and Cole found t h a t the most s a t i s f a c t o r y r e s u l t s were 

obtained by counting w i t h a stop watch the t o t a l time spent by the 

f l y on one side of the chamber du r i n g the ten minute t e s t i n g time, 

each f l y being t e s t e d separately. The r e a c t i o n to the f l e e c e was 

then c a l c u l a t e d as 600 seconds minus the time spent on the charcoal 

side. I n the present work, however, t h i s wool r e a c t i o n was c a l ­

c ulated on a d i f f e r e n t basis. A f l y showing no r e a c t i o n to the 

wool would be expected to spend 300 seconds on the wool side of the 

apparatus out of the 600 second t e s t i n g time. Thus a more accurate 

measure of the wool r e a c t i o n i s given by s u b t r a c t i n g 300 seconds 

from the time spent on the wool side; t h i s gives the time spent on 

the wool side due only to the a t t r a c t i o n of the f l e e c e . This i s a 

b e t t e r estimate of the wool r e a c t i o n time, and i s r e f e r r e d to below 

as 'W'. W was thus measured on a scale from +300 to -300. 

The f l e e c e used f o r the present work was A u s t r a l i a n merino 

which had been s t o r e d i n the department f o r some 6-9 years, and 

which had c l e a r l y maintained i t s powers of a t t r a c t i o n since wool r e ­

a c t i o n s approaching the maximum possible were given by some f l i e s . 

Since the wool r e a c t i o n i s presumably e l i c i t e d by v o l a t i l e substances 

present i n the f l e e c e , which are released when the f l e e c e i s placed 

i n the choice chamber, i t was s u r p r i s i n g to f i n d t h a t the f l e e c e had 

maintained i t s a t t r a c t i o n f o r such a long p e r i o d . The important p o i n t 

here, however, i s t h a t the f l e e c e used was a t t r a c t i v e ; the o l f a c t o r y 

g r a d i e n t was found to be present i n apparently f u l l s t r e n g t h a f t e r the 

apparatus/ 



apparatus had been set up f o r ten minutes, and reactions close t o 

the maximum were e l i c i t e d from many f l i e s . Further c o n s i d e r a t i o n of 

the period over which the fl e e c e can maintain i t s a t t r a c t i o n concerns 

the nature of the a t t r a c t i v e substances r a t h e r than the amount of r e ­

a c t i o n of the f l i e s t e s t e d , and i s outside the scope of the present 

work. 

The d u r a b i l i t y of the a t t r a c t i o n of the fleece might suggest t h a t 

the r e a c t i o n measured was to some stimulus other than the o l f a c t o r y 

one which was considered. One p o s s i b i l i t y here i s t h a t the measure­

ments were of a l i g h t r e a c t i o n . With black charcoal under one side of a 

t h i n muslin f l o o r , and cream-grey fleece under the other s i d e , i t i s 

conceivable t h a t the two sides of the apparatus d i f f e r e d enough i n the 

amounts of r e f l e c t e d l i g h t to e l i c i t some l i g h t r e a c t i o n from the f l i e s 

being t e s t e d . This p o s s i b i l i t y was studied by Cragg and Cole, who 

employed such methods as the use of biack f l e e c e ; t e s t i n g n o n - a t t r a c t ­

iv e 'animal wool 1 (a Boots' p r o d u c t ) ; and dus t i n g the charcoal w i t h a 

n e u t r a l white powder. Their r e s u l t s showed t h a t there was no l i g h t 

r e a c t i o n i n the normal use of the choice chamber. These r e s u l t s were 

conclusive, and there i s no reason t o assume t h a t the p o s i t i o n has 

changed since the work of Cragg and Cole. 

The nature of the o l f a c t o r y g r a d i e n t w i t h i n the choice chamber i s 

not r e a l l y known. The centre l i n e was an a r b i t r a r y d i v i s i o n of the 

chamber i n t o a t t r a c t i v e and n o n - a t t r a c t i v e areas, since i t was ha r d l y 

to be expected t h a t the stimulus would cease sharply a t the centre l i n e ; 

i t i s more reasonable to assume t h a t a continuous g r a d i e n t e x i s t e d across 

the/ 



the chamber. However, the choice made at the centre l i n e was very 

marked i n f l i e s which had a high r e a c t i o n . A l l f l i e s t e s t e d d i d 

cross the centre l i n e , but those w i t h a high r e a c t i o n moved back 

very promptly i n t o the f l e e c e side. Presumably the choice made by 

each f l y was f o r stronger or weaker s t i m u l u s , r a t h e r than f o r presence 

or absence of stimulus. 

Many of the f l i e s of one stock t e s t e d gave a r e a c t i o n close to 

the maximum measurable one of 300, the range of r e s u l t s f o r t h i s stock 

being from about 120 to 300. This suggests t h a t the stimulus o f f e r e d 

was too strong to d i f f e r e n t i a t e between the f l i e s w i t h a high r e a c t i o n , 

a suggestion which i s supported by the marked skewness of the frequency 

d i s t r i b u t i o n f o r these f l i e s . However, some other f l i e s showed a very 

low r e a c t i o n , suggesting t h a t the stimulus was perhaps not strong enough 

to d i f f e r e n t i a t e between f l i e s w i t h a low r e a c t i o n . Since t h i s work 

was comparative r a t h e r than absolute, one l e v e l of stimulus had t o be 

maintained throughout, and the one used was probably s u i t a b l e . 

A stock of 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 was set up from pupae sent 

from A u s t r a l i a ; t h i s stock w i l l be r e f e r r e d t o below as 'A'. A stock 

of B r i t i s h L u c i l i a s e r i c a t a was set up from f i e l d caught f l i e s ; t h i s 

stock w i l l be r e f e r r e d to as 'B'. An attempt was made to avoid i n ­

breeding i n these stocks. Each generation was produced from as many 

egg batches as p o s s i b l e , i n an attempt t o have represented i n t h a t gen­

e r a t i o n as many as possible of the f e r t i l i s e d females of the previous 

generation, and numbers of the breeding c u l t u r e were kept as high as 

possible. However, the numbers d i d f a l l on occasion, and some i n ­

breeding/ 
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i n b r e e d i n g may have o c c u r r e d . 

A f t e r some two y e a r s , the o r i g i n a l s t o c k o f B d i e d o u t , and was 

r e p l a c e d by a s t o c k o f h i g h l y i n b r e d B r i t i s h L u c i l i a s c r i c a t a s e t up 

fro m pupae p r o v i d e d by Mr. J. D o n n e l l y of t h e M i n i s t r y o f A g r i c u l t u r e , 

F i s h e r i e s and Food L a b o r a t o r y , C a r l i s l e . The o r i g i n a l s t o c k o f B 

was used f o r a l l the s t u d i o s e x r e p t the g e n e t i c a n a l y s e s ; these were 

c a r r i e d o u t on t h e second, i n b r e d s t o c k . The. o n l y o t h e r work done on 

the i n b r e d m a t e r i a l was some l i m i t e d t e s t i n g which showed t h a t b o t h B_ 

s t o c k s had the same p a t t e r n s of o l f a c t o r y b e h a v i o u r , and t h a t t h e r e 

were o n l y s m a l l d i f f e r e n c e s be t'.veiT them i n t h e i r wool r e a c t i o n s a t 

any g i v e n age. 

A l l the f l i e s used i n t h i s work were c u l t u r e d under the name con­

d i t i o n s . The a d u l t s were k e p t i n m u s l i n cages w i t h m e t a l frame and f l o o r , 

measuring 14" " 2C" x 2 ? " . The cages were kept, i n two banks o f f i v e w i t h 

t h e i r backs t o s o l i d w a l l , each bank b e i n g i l l u m i n a t e d by a jii" Osrtm 

oO wp.tt " D K y l i ^ h t " f l u o r e s c e n t tube above c.r.:! b e h i n d the row o." cti g e s . 

These cages were k e p t i n c c o n s t a n t t e m p e r a t u r e roor: r.t 23°C, and the 

l i g h t v.-as s w i t c h e d on a t °.r-.r.n'.. r-.nu o f f a t 6 . 0 . p . b y r. t i m e s v / i t c h . 

'./hen f l i e s wore b e i n g t e s t e r 1 a f t e r 6.0. r>. rn. , the l i g h t s were s w i t c h a d on 

ag a i n u n t i l the t e s t s were f i n i s h e d . 

' i.'atcr was c o n s t a n t l y a v a i l a b l e i n the cages from a j a r i n v e r t e d 

over a f i l t e r p aper, end a P e t r i , d i s h o f g r a n u l a t e d r-ugar was k e p t i n 

each cage. Unless o t h e r w i s e s t a t e d i n the t e x t , meal: was a l s o con­

s t a n t l y a v a i l a b l e t o the a d u l t s from the tirc e o f emergence. T h i s meat 

was i r : the f o r m o f r e f r i g e r a t e d sheep l u n g , a s l i c e i n a P e t r i d i s h 

b e i n g / 
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being placed i n each cage. U n t i l o v i p o s i t i o n s t a r t e d , t h i s meat 

was replaced once each day, u s u a l l y i n the morning, by a f r e s h piece 

of meat i n a clean d i s h . When the f l i e s were l a y i n g , the meat was 

examined f o r eggs at l e a s t twice a day, when meat w i t h eggs was r e ­

placed by f r e s h meat. O v i p o s i t i o n u s u a l l y s t a r t e d about one week 

a f t e r emergence. 

The dishes c o n t a i n i n g meat w i t h eggs were l a b e l l e d and taken to 

an incubator kept a t 28°C. Here they were placed i n des i c c a t o r j a r s 

w i t h the lower compartment f i l l e d w i t h water, and the vaselined l i d 

f i r m l y i n place, so that the eggs were i n an atmosphere w i t h a r e l a t i v e 

humidity near 100$; i n c u b a t i o n was f o r 1tv hours. A f t e r t h i s time the 

pieces of meat c a r r y i n g larvae were put i n t o l a b e l l e d c o n i c a l f l a s k s 

w i t h about 2 inches of d r i e d peat moss on the bottom, the f l a s k s being 

closed w i t h c o t t o n wool plugs. Meat w i t h unhatched eggs was d i s ­

carded a t t h i s time, as hatch seldom, i f ever, occurred a f t e r 24 hours. 

Each morning a f u r t h e r piece of sheep lung was added to each f l a s k 

of feeding l a r v a e . This feeding p e r i o d l a s t e d f o r about 7 days, a f t e r 

which the larvae l e f t the meat, becoming pre-pupae, and moved to the 

bottom of the peat moss. At t h i s stage the f l a s k was taken from the 

incubator, i t s contents were t i p p e d i n t o a shallow d i s h and the meat 

debris was removed by hand. The i n s i d e of the f l a s k was cleaned w i t h 

a dry tube brush, and the pre-pupae i n peat moss were replaced i n the 

f l a s k , more dry peat moss being added i f the o l d peat moss was too 

wet. The f l a s k s were again f i r m l y plugged w i t h c o t t o n wool. 

At the end of the feeding period the pre pupae sometimes forced 
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t h e i r way through a f a u l t y c o t t o n wool plug, escaping i n t o the 

incubator. Free pre pupae and pupae i n the incubator were always 

destroyed, the contents of the incubator being taken out and a l l the 

f r e e animals being removed. Fresh plugs were s u b s t i t u t e d f o r the 

f a u l t y ones, i f any pre pupae were l e f t i n these f l a s k s . 

The clean, l a b e l l e d f l a s k s c o n t a i n i n g pre pupae were then 

stacked i n the constant temperature room a t 23°C. Each f l a s k was 

c a r e f u l l y examined d a i l y to see how f a r pupation had progressed. 

When pupation had been completed i n a f l a s k , t h i s t a k i n g about 3 to 

4- days, the contents of the f l a s k were tipp e d i n t o a shallow, l a b e l l e d 

d ish and stored a t 8°C. I f the pupae were kept a t 23°C, emergence 

took place i n about a week, the complete l i f e cycle t a k i n g about 4 

weeks. 

I t was found t h a t the emergence of a d u l t s from the pupae could 

be delayed f o r periods of up to three weeks by s t o r i n g the pupae at 

8°C; the a d u l t s from t h i s pupae were apparently completely normal and 

healthy, and t h i s method was used to ensure supplies of f r e s h l y emerged 

adu l t s when r e q u i r e d . Pupae could be stored i n t h i s way f o r longer 

periods, but the a d u l t s emerging a f t e r prolonged storage were o f t e n 

weak and deformed, and the m o r t a l i t y was h i g h , so three weeks was the 

maximum storage time f o r f l i e s to be used i n the choice chamber. 

F l i e s were taken from the cage i n glass tubes, and introduced 

i n t o the choice chamber f o r t e s t i n g as q u i c k l y as p o s s i b l e . Each 

f l y was given one minute i n the choice chamber to s e t t l e down, and 

the t e s t l a s t e d f o r 10 minutes. A f t e r i t s t e s t the f l y was removed 

from/ 



from the choice chamber i n a glass tube. 

A complete operation took about 12 minutes, and i t was possible 

to t e s t 5 f l i e s i n one hour. Because of the time spent on c u l t u r i n g , 

s e t t i n g up the apparatus and so on, i t was found t h a t 30 f l i e s could 

be tested i n one average day, and about 150 i n a week, although more 

were sometimes t e s t e d . Some time was l o s t i n w a i t i n g f o r emergence 

of a new generation to reach usable p r o p o r t i o n s , e s p e c i a l l y when my 

absence from Durham had put the c u l t u r i n g out of phase, when a delay 

of one or two weeks sometimes occurred. These f a c t o r s , together w i t h 

other aspects of the problem such as the a n a l y s i s of r e s u l t s and read­

i n g , l i m i t e d the number of f l i e s which could be tested i n the course 

of t h i s work. 

I n the choice chamber the f l i e s , a t some time d u r i n g the t e s t 

p e r i o d , almost always s t a r t e d to preen, apparently without regard to 

t h e i r p o s i t i o n i n the o l f a c t o r y g r a d i e n t . This would have reduced 

the accuracy of the t e s t of the o l f a c t o r y r e a c t i o n , so preening was 

immediately d i s t u r b e d by a tap on the glass roof d i r e c t l y over the 

f l y . Observation suggested d i f f e r e n c e s between the stocks i n the 

frequencies of preening and f l y i n g i n the choice chamber, so these 

were recorded. Each disturbance brought about at l e a s t one f l i g h t , 

so the number of " i n t e n t i o n a l " f l i g h t s was c a l c u l a t e d as the t o t a l 

number of f l i g h t s minus the number of preenings. No measurement was 

attempted of the d u r a t i o n of e i t h e r f l i g h t s or preenings. 

I n the s t a t i s t i c a l examination of the r e s u l t s of t h i s work, a 

d i f f e r e n c e a t the .01 or lower l e v e l s of p r o b a b i l i t y i s considered 

s i g n i f i c a n t / 



s i g n i f i c a n t ; a d i f f e r e n c e above the . 05 l e v e l i s not s i g n i f i c a n t 

a d i f f e r e n c e between the . 05 and .01 l e v e l s i s considered to be 

suggestive, and each d i f f e r e n c e i n t h i s class w i l l be considered 

separately. 
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3. OLFACTORY REACTIONS OF AUSTRALIAN AND BRITISH 
LUCILIA SERICATA 

a. REACTIONS TO FLEECE 

E f f e c t of age on wool r e a c t i o n of females 

The work of Cragg and Cole demonstrated an o l f a c t o r y d i f f e r e n c e 

between A u s t r a l i a n and B r i t i s h females, and also suggested t h a t the 

wool r e a c t i o n (W) of B r i t i s h females was a f f e c t e d by the st a t e of 

the o v a r i e s , although the r e s u l t s which they obtained on the e f f e c t 

of maturation on W were not s t a t i s t i c a l l y s i g n i f i c a n t . 

At the beginning of the present work the age of the f l i e s tested 

was not c o n t r o l l e d , only the d i f f e r e n c e s i n r e a c t i o n between A and B 

being considered. A number of r e s u l t s were obtained and they showed 

l i t t l e d i f f e r e n c e between these two stocks, what d i f f e r e n c e there was 

suggesting t h a t A had a higher r e a c t i o n than B; t h i s was a very d i f ­

f e r e n t r e s u l t from t h a t obtained by Cragg and Cole. The most s t r i k i n g 

f eature about my r e s u l t s was the very wide range of readings obtained 

w i t h i n each stock, a range too great to be accepted as due only t o 

experimental e r r o r . I f the reactions of the f l i e s changed w i t h age, 

then the u n c o n t r o l l e d age of the f l i e s t ested could e x p l a i n a t l e a s t 

some of t h i s v a r i a b i l i t y w i t h i n stocks. 

Consequently the A u s t r a l i a n and B r i t i s h stocks were studied f o r 

changes i n W w i t h age, the f l i e s used being those which had f u l l access 

t o / 
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to meat and the other sex. The females were studied f i r s t . 

For each set of r e s u l t s a cage was set up co n t a i n i n g only f l i e s 

which had emerged w i t h i n a 24 hour period. Each day a sample of 

ten females taken a t random from the cage was tested i n the choice 

chamber. The f i r s t t e s t was made on the day of emergence, dO t e s t s 

being made d a i l y u n t i l the te n t h day, dlO. The r e s u l t s f o r dO were 

taken as the emergence r e a c t i o n , while those f o r dlO were considered 

to show the reac t i o n s of mature females (see Table 1, F i g . 2 . ) . 

The r e s u l t s obtained i n t h i s way w i t h B females showed a f a l l 

from the emergence r e a c t i o n to a low l e v e l , followed by a marked r i s e 

to the time of m a t u r i t y . S i m i l a r series of t e s t s were made w i t h A 

females, and these showed the same p a t t e r n of change as B_, although 

the absolute size of the r e a c t i o n d i f f e r e d at most p o i n t s . The 

emergence r e a c t i o n i n p a r t i c u l a r was much higher i n A than i n EJ, while 

the mature r e a c t i o n was much lower. 

Since W c l e a r l y changed markedly w i t h the age of the r i y , age 

di f f e r e n c e s between the f l i e s of any sample t e s t e d would b r i n g about 

e r r o r s i n the r e s u l t s obtained; i t was of obvious importance t h a t the 

age of the f l i e s used should be known as accur a t e l y as possible. Con­

sequently the emergence of f l i e s to be used i n the choice chamber was 

cl o s e l y watched, so that the age of any f l y was known to w i t h i n h a l f 

an hour. I t was found t h a t the l e a s t age at which f l i e s would give 

reasonably c o n s i s t e n t r e s u l t s f o r W was between 2 and 3 hours, and 

f l i e s of t h i s age were used i n the determination of the emergence 

r e a c t i o n / 
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THE WOOL REACTION IN BOTH SEXES OF A AND B HAS BEEN PLOTTED AGAINST 

THE AGE OF THE FLIES FROM WHICH THE RESULTS WERE OBTAINED. THESE 

RESULTS ARE FROM TABLE 1, COMBINED SCORES (A AND B FEMALES), AND 

TABLE 3 (A AND B MALES). 
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37. 

r e a c t i o n . The r e s u l t s obtained p r e v i o u s l y , i n which the age of 
the tested f l i e s was not c o n t r o l l e d , were r e j e c t e d . 

Since the p a t t e r n of change of W w i t h age appeared to be 

a f f e c t e d by the maturation of the o v a r i e s , and since the females 

d i d not a l l reach m a t u r i t y a t the same time, a s i m i l a r series of 

t e s t s was made w i t h f l i e s which had been marked so t h a t i n d i v i d u a l s 

could be recognised. 

I t was found t h a t exposure to a temperature of about 8°C f o r 

f i v e minutes made the f l i e s i n a c t i v e so t h a t they could be marked by 

means of spots of y e l l o w acetate dope ap p l i e d to the top of the thorax 

i n i n d i v i d u a l l y i d e n t i f i a b l e p a t t e r n s . The f l i e s showed no i l l 

e f f e c t s from e i t h e r the c h i l l i n g or the marking, and appeared to be 

completely recovered w i t h i n a few minutes of t h e i r r e t u r n to the cages. 

I t was found possible w i t h marked females to determine the day 

on which i n d i v i d u a l s had o v i p o s i t e d by recording d a i l y the degree of 

di s t e n s i o n of the abdomen. During the few days before o v i p o s i t i o n 

the abdomen became i n c r e a s i n g l y distended; immediately a f t e r o v i ­

p o s i t i o n the abdomen collapsed. This d i f f e r e n c e was s u f f i c i e n t l y 

obvious w i t h a d a i l y i n s p e c t i o n to make i t possible to decide on any 

one day whether or not the female had o v i p o s i t e d since the previous 

i n s p e c t i o n . This gave the time of o v i p o s i t i o n as somewhere w i t h i n 

a 24- hour p e r i o d . 

I t was now possible to consider the r e s u l t s f o r i n d i v i d u a l s 

r a t h e r than average scores f o r f l i e s of the same chr o n o l o g i c a l age. 

(see Table 2 ) . I t was c l e a r from the previous t e s t s t h a t the minimum 

r e a c t i o n was short l i v e d . I f , as must be assumed, the f l i e s tested 

were/ 



were not completely synchronised i n t h e i r r e a c t i o n s , the size of the 

minimum r e a c t i o n would be obscured i n average scores. S i m i l a r l y , 

w i t h the considerable changes i n r e a c t i o n a t about the time of o v i ­

p o s i t i o n , d i f f e r e n c e s between females i n the time of m a t u r i t y would 

a f f e c t the average score f o r the mature r e a c t i o n . Consideration of 

i n d i v i d u a l scores made i t possible to avoid these e f f e c t s , and to 

obtain b e t t e r measures of the minimum r e a c t i o n s , and of the reactions 

immediately before and a f t e r o v i p o s i t i o n . The l a t t e r were par­

t i c u l a r l y i n t e r e s t i n g since they made i t easier to consider the 

connection between ovipos.it.ion and the wool r e a c t i o n . 

For A, the combined lowest scores f o r 10 marked females gave an 

average of - 1 3 . 2 + 2 . 2 , compared w i t h the lowest mean f o r 40 un­

marked females of - 3 . 1 + 5 . 3 . For B, the combined lowest scores 

f o r 10 marked females gave a mean of 1 2 . 1 + 3.4, compared w i t h the lowest 

mean f o r 3 9 unmarked females of 3 3 . 0 + 5.4. The combined highest 

scores a f t e r the minimum f o r 10 marked A females gave a mean of 

47.4 + 8 . 1 , compared w i t h the highest s i m i l a r mean f o r 25 females 

of 36.4 + 5 . 5 . The corresponding scores f o r B females were 1 2 6 . 1 + 

6 . 9 f o r 10 marked females, and 80.6 + 8 . 3 f o r 28 unmarked females. 

For both stocks the d i f f e r e n c e s between the two sets of r e s u l t s 

f o r each r e a c t i o n are considerable; the maxima and minima are em­

phasised by s e l e c t i n g the r e s u l t s obtained w i t h marked f l i e s . Since 

the highest and lowest scores were selected, any sampling e r r o r s i n ­

herent i n the r e s u l t s f o r an i n d i v i d u a l would themselves emphasise the 

maxima and minima. However, i t does seem l i k e l y t h a t the r e s u l t s 

obtained/ 
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4 1 . 

obtained from marked f l i e s gave b e t t e r estimates of the t r u e r e ­
a c t i o n s , since the r e s u l t s obtained from unmarked f l i e s would pre­
sumably be obscured by d i f f e r e n c e s w i t h i n the samples i n the times 
of minimum r e a c t i o n and o v i p o s i t i o n . 

These r e s u l t s show t h a t W f e l l to a l e v e l at or near zero 

f o r both A and J3, and give b e t t e r measures of the true r e a c t i o n s a t 

the time of o v i p o s i t i o n than were found by the t e s t s c a r r i e d out on 

unmarked f l i e s ; they also confirmed the r i s e i n r e a c t i o n j u s t p r i o r 

to o v i p o s i t i o n . U n f o r t u n a t e l y , pre and post o v i p o s i t i o n r e s u l t s 

were only obtained f o r f i v e A and s i x J3 females; these suggested 

t h a t the reactions f e l l a f t e r o v i p o s i t i o n , but the r e s u l t s were too 

few to be conclusive. 

Since dO and dlO were the times at which the d i f f e r e n c e s between 

A and B were g r e a t e s t , samples of 100 were taken a t these times f o r 

both stocks to give a more accurate measure of these d i f f e r e n c e s 

(see Figs. 3 and 9 ) . These large samples, being composed of a 

number of smaller samples taken a t d i f f e r e n t times, would be a f f e c t e d 

by any changes which took place w i t h i n the stocks f o r the l e v e l s of 

W while these stocks were being c u l t u r e d . This p o s s i b i l i t y has been 

de a l t w i t h i n d e t a i l i n a l a t e r s e c t i o n , but i t can be said here t h a t 

any changes which might have occurred between generations i n the 

l a b o r a t o r y stocks used were not of the same order of size as the d i f ­

ferences between A and B; there was thus no reason to suppose th a t 

any change w i t h i n the stocks would s e r i o u s l y have a f f e c t e d the question 

of d i f f e r e n c e s between the stocks. 

The d i f f e r e n c e s between A and B females i n W at dO and a t dlO 

were/ 



42. 

were shown to be h i g h l y s i g n i f i c a n t . 

E f f e c t of age on wool r e a c t i o n of males. 

D a i l y t e s t s w i t h marked males of A and B showed that the 

emergence r e a c t i o n of the males was very s i m i l a r to th a t of the 

corresponding females. The p o s s i b i l i t y of sex d i f f e r e n c e s i n t h i s 

r e a c t i o n w i t h i n the stocks has been examined i n a l a t e r s e c t i o n . 

W f e l l from the l e v e l of the emergence r e a c t i o n i n both stocks, and 

i n n e i t h e r stock was there any secondary r i s e i n W. However, while 

W soon reached zero i n A males, B males s t i l l maintained a high r e a c t i o n 

by dlO (see Table 3, F i g . 2 . ) . Samples of 100 were taken f o r the males 

of both stocks at dO and dlO, which confirmed the d i f f e r e n c e s between 

the stocks; these were h i g h l y s i g n i f i c a n t . (See F i g s . 8 and 9). 

Pattern of change of W wi t h age« 

I n both sexes of both A and B, \V f e l l from the emergence l e v e l ; 

i n the females of both stocks, but not i n the males, there was a 

secondary r i s e a f t e r t h i s minimum. The time a t which the r i s e 

occurred suggested a causal r e l a t i o n s h i p between the f i n a l stages of 

maturation of the ovaries and t h i s p a r t of the p a t t e r n of change of W. 

This change can be considered i n two p a r t s ; the i n i t i a l f a l l , then 

the secondary r i s e . 

I t i s known t h a t female b l o w f l i e s r e q u i r e meat meals before the 

ovaries w i l l mature; t h i s was shown f o r Protophormia terrae-novae 

by Harlow (1956), f o r L u c i l i a s e r i c a t a by Evans (1935b) and Hobson 

(1938)/ 
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(1938) , and f o r L u c i l i a s e r i e s t a and L u c i l i a cuprina by Mackerass 
(1933). An exception to t h i s was found i n the c u l t u r e s of L u c i l i a 
cuprina kept by Nicholson (1957); here the ovaries d i d mature i n the 
absence of meat, but only i n one s t r a i n produced by i n t e n s i v e s e l e c t i o n 
over a large number of generations, and t h i s s t r a i n was described by 
Nicholson as e x c e p t i o n a l . Cragg and Cole, c u l t u r i n g L u c i l i a s e r i c a t a 
under the same c o n d i t i o n s as those of the present work, showed t h a t 
the ovaries of females kept without meat from the time of emergence 
showed no sign of completing maturation w i t h i n ten days. The r e l a t i o n ­
ship between the changes i n W and the maturation of the ovaries could 
thus be checked by studying the p a t t e r n of JV i n females which had been 
kept without meat. Tests were also c a r r i e d out w i t h males of A which 
had been kept without meat. 

Change of wool r e a c t i o n w i t h age i n f l i e s kept without meat. 

The two sexes of A were kept together but without access to meat, 

and d a i l y t e s t s were made w i t h both sexes. The r e s u l t s showed the 

normal f a l l from the emergence r e a c t i o n i n both sexes, but no second­

ary r i s e i n W i n the females (see Table 4 , F i g . 3 ) . This suggests t h a t 

the absence of meat from the d i e t a f f e c t s the wool r e a c t i o n of females. 

U n f o r t u n a t e l y i t was not possible to repeat t h i s f o r B because of lack 

of time. 

The r e s u l t s of Cragg and Cole (1956) suggested t h a t females which 

had access to meat but not to males might d i f f e r i n t h e i r wool r e a c t i o n 

from females which had access to meat and to males, although the d i f ­

ferences/ 



d i f f e r e n c e s they showed were not s t a t i s t i c a l l y s i g n i f i c a n t . Webber 

(1955) showed t h a t females of L u c i l i a cuprina kept without males pro­

duced eggs which matured normally i n the ovary, but r a r e l y i f ever 

l a i d them. I f , as seems l i k e l y , t h i s a pplies to L u c i l i a s e r i c a t a . 

and i f the approach of o v i p o s i t i o n a f f e c t s the l e v e l of the mature 

wool r e a c t i o n , then the lack of f e r t i l i s a t i o n might be expected to 

a f f e c t the mature wool r e a c t i o n of L u c i l i a s e r i c a t a females, and t h i s 

would e x p l a i n the r e s u l t s of Cragg and Cole. 

To t e s t t h i s , i t would have been necessary to t e s t d a i l y females 

which had access to meat but not to males, and t h i s d i d not prove 

possible i n the time a v a i l a b l e . 

Females of A and 13 which had access n e i t h e r to meat nor to males 

were teste d d a i l y f o r t h e i r wool r e a c t i o n s . For both stocks t h i s re 

a c t i o n f e l l from the emergence l e v e l , and there was no secondary r i s e 

but the f a l l appeared to be less r a p i d i n the absence of males. The 

numbers t e s t e d , however, were too small f o r f i r m conclusions to be 

drawn, and time d i d not permit the t e s t i n g of males under comparable 

c o n d i t i o n s as c o n t r o l s . (See Table 5, F i g . 4 . ) . 

The work i n t h i s s e c t i o n was c l e a r l y incomplete, and the evidence 

i t provided was fragmentary, as there was i n s u f f i c i e n t time f o r a l l 

the r equired data t o be found. However, the r e s u l t s which were ob­

tained c e r t a i n l y supported the hypothesis t h a t the wool r e a c t i o n of 

the females was a f f e c t e d by the c o n d i t i o n of the o v a r i e s . This tech 

nique could c l e a r l y provide much more i n f o r m a t i o n on the r e l a t i o n s h i p 

between the wool r e a c t i o n and the development of the o v a r i e s . 
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FEMALES KEPT WITHOUT MEAT OR MALES 

FEMALES KEPT UNDER NORMAL CONDITIONS 

l O O 

JOO 

WOOL 
REACTION 

lOO 

A FEMALES 

\| -Vi-

DO 

B FEMALES 

DIO 

FIG.4 WOOL REACTIONS OF FEMALES OF & AND £ K E P T 
WITHOUT ACCESS TO MEAT OR MALES COMPARED 
WITH THE WOOL REACTIONS OF OTHER FEMALES 
OF THE SAME STOCKS KEPT UNDER NORMAL 

CONDITIONS 

THE WOOL REACTIONS OF THESE FLIES HAVE BEEN PLOTTED AGAINST AGE. 

THESE RESULTS ARE FROM TABLE 1, COMBINED SCORES (NORMAL FEMALES) 

AND TABLE 5 (FEMALES KEPT WITHOUT MEAT OR MALES). 
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b. REACTIONS TO MEAT 

Since meat i s of such importance i n the f i e l d , a t l e a s t to females, 

the r e a c t i o n s of f l i e s to meat were s t u d i e d , using the choice chamber 

technique as before, but w i t h meat as the a t t r a c t a n t . With wet meat 

on one side of the apparatus and dry charcoal on the o t h e r , i t was 

necessary t o wet the muslin f l o o r so that the high ensuing humidity 

would cover any humidity d i f f e r e n c e s which might otherwise have a r i s e n 

between the two sides of the apparatus. This ensured t h a t any r e a c t i o n 

shown by the f l i e s was i n response to some o l f a c t o r y stimulus from the 

meat, and not a humidity preference. A large q u a n t i t y of sheep lung 

was ground and stored at -8°C, a temperature at which no decomposition 

was p o s s i b l e , small pieces being removed and thawed when r e q u i r e d . 

This was presumed to provide a meat medium of constant o l f a c t o r y pro­

p e r t i e s over the period of these t e s t s , no s i n g l e piece being used f o r 

more than two hours a f t e r i t had been thawed. 

E f f e c t of age on meat rea c t i o n s of females. 

20 females of A, kept i n the normal way w i t h f u l l access to meat 

and males were tested d a i l y i n the choice chamber f o r t h e i r r eactions 

to meat. The r e s u l t s showed t h a t the meat r e a c t i o n , r e f e r r e d to below 

as M, rose from a low emergence l e v e l to a high l e v e l which was main­

tained w i t h l i t t l e loss u n t i l m a t u r i t y (see Table 6, F i g . 5 . ) . A sim­

i l a r p a t t e r n was shown by the reac t i o n s of 10 l i females t e s t e d d a i l y i n 

the same way. M f o r A females rose to a s l i g h t l y higher l e v e l than f o r 

13 however, and at dlO the r e a c t i o n f o r A was considerably higher than 

f o r / 
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f o r J3. There was not s u f f i c i e n t time f o r these t e s t s to be repeated. 

Observation of f l i e s i n the cages, suggesting t h a t females were 

l i t t l e a t t r a c t e d to meat a t emergence but t h a t t h i s a t t r a c t i o n i n ­

creased, f i t t e d the p a t t e r n given by the r e s u l t s obtained i n the choice 

chamber. 

I t i s i n t e r e s t i n g to note t h a t Evans (1935) showed t h a t the maximum 

development of the ovaries i n L u c i l i a s e r i c a t a occurred d u r i n g a period 

corresponding to my d4 to d6; t h i s i s the time at which the r e a c t i o n 

to meat i n the choice chamber was a t i t s maximum. 

A poi n t a r i s i n g from the co n s i d e r a t i o n of _Ji i s t h a t the f l i e s used 

had f u l l access to meat i n the cages during the period of the t e s t s . 

I f , as seems l i k e l y , the r e a c t i o n to meat f a l l s t e mporarily a f t e r a 

meat meal, the average M f o r the sample would be reduced by the r e a c t i o n 

of those f l i e s which had r e c e n t l y f e d , e s p e c i a l l y d u r i n g a period of 

a c t i v e feeding. However, the f l u c t u a t i o n s seen i n the r e s u l t s ob­

tained from marked A females were not excessive, suggesting t h a t t h i s 

e f f e c t , i f i t occurred at a l l , was not marked. 

R e s t r i c t i o n of access to meat i n the cages was considered as a 

possible method of reducing t h i s assumed eTfect, but such r e s t r i c t i o n 

was seen to introduce c e r t a i n d i f f i c u l t i e s . E i t h e r the f l i e s would 

be underfed, i n which case the re a c t i o n s measured would not be those of 

normal f l i e s ; or the f l i e s would be f u l l y f e d , i n which case the r e ­

s t r i c t i o n would have been of no use. Because of these c o n s i d e r a t i o n s , 

i t was decided t h a t there should be no r e s t r i c t i o n of access t o meat 

f o r these f l i e s i n the cages. 

The/ 
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The absolute l e v e l s of M and W cannot be compared, since there 

was no way of c a l i b r a t i n g the two rea c t i o n s one against the other. 

Changes i n one can, however, be compared w i t h changes i n the other 

since t h i s requires no absolute standard, and the periods during which 

these changes i n r e a c t i o n occurred can be compared. (See F i g . 6 . ) . 

At emergence, M was low w h i l e W was high f o r both stocks; W then 

rose while W f e l l , the maximum f o r M c o i n c i d i n g w i t h the minimum f o r W; 

at the time of o v i p o s i t i o n both jW and W were p o s i t i v e , and t h i s p a t t e r n 

was the some f o r both stocks. The r i s e i n M a f t e r emergence occurred 

at a time when the female would presumably be seeking the meat meals 

necessary f o r the maturation of the ovaries; coming as i t d i d a t a 

time when W was f a l l i n g , i t suggested t h a t the f a l l i n W was due to the 

need of the female at t h i s time f o r meat r a t h e r than l i v e sheep. Thus 

W and U would seem to be complementary and the two appear to be co­

ordi n a t e d . 

E f f e c t of age on meat r e a c t i o n s of males. 

For both stocks the males gave emergence rea c t i o n s to meat very 

s i m i l a r to the rea c t i o n s shown by the respective females, and f o r both 

sets of males t h i s r e a c t i o n was q u i c k l y l o s t w i t h no secondary r i s e . 

(See Table 6, Figs. 5 and 7 ) . This was again i n accordance w i t h the 

behaviour of the f l i e s observed i n the cages, where the males of both 

stocks showed l i t t l e i n t e r e s t i n meat and were seldom to be seen near 

i t . Also, i t was shown by Mackerass (1933) t h a t males of L u c i l i a 

s e r i c a t a / 
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s e r i c a t a and L u c i l i a cuprina needed no meat meals f o r maturation of the 
gonads, while Gurney and Woodhill (1926b) found t h a t female L u c i l i a 
s e r i c a t a f a r outnumbered the males i n c a r r i o n b a i t e d traps i n the f i e l d . 

There can be l i t t l e doubt t h a t the meat re a c t i o n s measured i n the 

choice chamber gave reasonable estimates of the i n t e n s i t y w i t h which the 

f l i e s tested sought p r o t e i n meals at d i f f e r e n t stages of t h e i r maturation. 
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4. WOOL REACTIONS OF DANISH LUCILIA SERICATA 

Myiasis i s of very rare occurrence i n Denmark, although L u c i l i a 

s e r i c a t a i s a common f l y of wide d i s t r i b u t i o n i n t h a t country. Pre­

vious studies by Cragg (1950b) and Cragg and Cole (1956) suggested 

t h a t there were some small behaviour d i f f e r e n c e s between B r i t i s h and 

Danish s t r a i n s , and between stocks from Copenhagen and from Mols i n 

Ju t l a n d . I n view of my work on the wool re a c t i o n s of t h i s species, i t 

was considered t h a t these e a r l i e r studies on the Danish m a t e r i a l should 

be repeated. 

I c o l l e c t e d L u c i l i a s e r i c a t a from f o u r s i t e s i n Denmark. The 

f i r s t s i t e was i n the grounds of the Statens Skadedyrlaboratorium i n 

S p r i n g f o r b i , a suburb separated from Copenhagen by a considerable green 

b e l t . About 10 egg batches were c o l l e c t e d from females taken here, and 

the feeding larvae brought back to England. The second s i t e was i n the 

garden of a house i n the centre of Copenhagen, near the Botanical Cardens. 

Feeding larvae were again obtained from about 10 females and brought back t o 

England. The t h i r d s i t e was i n the land of the Mols L a b o r a t o r i e t , placed 

i n farming country i n which sheep were grazed, and f o u r egg batches were 

brought back to England from females caught here. The f o u r t h s i t e was 

i n a park i n the centre of Aarhus, a large town about t h i r t y miles from 

Mols. Gravid females were brought back t o England, but no eggs were 

obtained from them and the stock died out. 

The three stocks which were brought back s u c c e s s f u l l y were kept i n 

c u l t u r e without any d i f f i c u l t y , and the t e s t s described below were made 

on/ 
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on them a f t e r two generations of l a b o r a t o r y c u l t u r e . 

The fo u r c o l l e c t i n g s i t e s were chosen so t h a t town and country 

stocks could be compared from the Mols and from the Copenhagen areas, 

and so tha t stocks from the two parts of the country could also be 

compared. The c o l l e c t i n g s i t e s i n Mols and Copenhagen were the same 

as those from which Cragg obtained h i s m a t e r i a l , so my r e s u l t s could 

be e a s i l y compared w i t h those of Cragg. The loss of the Aarhus stock 

was not serious i n t h a t the main comparisons were s t i l l p o s s i b l e . 

For each of my stocks, 10 marked males and 10 marked females were 

tested d a i l y to determine the p a t t e r n of change of W w i t h age; 30 

males and 30 females were also tested a t dO and dlQ to give samples of 

40 f o r the reac t i o n s a t these ages, the study being completed w i t h i n one 

generation. Thus adequate comparisons were a v a i l a b l e between a l l stocks 

both f o r the p a t t e r n of change of W and f o r the emergence and m a t u r i t y 

l e v e l s of t h i s r e a c t i o n . 

The r e s u l t s showed no s i g n i f i c a n t d i f f e r e n c e s between the Danish 

stocks f o r W, or between sexes. Thus the samples f o r the three have 

been combined i n t o one large sample r e f e r r e d to below as 'D1. 

For D, the emergence r e a c t i o n was about +130, followed by a f a l l to 

about 0 by d£ w i t h no secondary r i s e , and t h i s p a t t e r n was the same f o r 

both sexes i n the samples of 120 which were now a v a i l a b l e (see Table 7» 

F i g . 8 ) . 

The importance of these r e s u l t s now l i e s i n the comparisons w i t h 

A and B (see Figs. 9 and 10) . Both sexes of D had emergence r e a c t i o n s 

a t / 
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a t l e a s t very s i m i l a r to those of B, while a t dlO n e i t h e r sex had 
any r e a c t i o n to wool. Thus a t dlO. A females were intermediate between 
B and D females f o r wool r e a c t i o n , while D and A males were a l i k e i n 
having no wool r e a c t i o n but d i f f e r e d from B males. 
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5. PREENING IN THE CHOICE CHAMBER 

66. 

As has been mentioned above, observation suggested d i f f e r e n c e s 

between stocks i n the frequency w i t h which f l i e s preened i n the choice 

chamber, and the number of preenings was recorded f o r each f l y tes t e d 

f o r i t s o l f a c t o r y r e a c t i o n ; t h i s number i s r e f e r r e d to below as 1 . 

Unint e r r u p t e d preening would presumably have a f f e c t e d the accuracy 

of the measurement, made a t the same time, of the o l f a c t o r y r e a c t i o n , 

since preening appeared to take place w i t h o u t regard to the p o s i t i o n 

of the f l y i n the o l f a c t o r y g r a d i e n t . So the f l y was d i s t u r b e d by a 

tap on the glass cover of the choice chamber as soon as i t s t a r t e d to 

preen. Hence no record could be made of the d u r a t i o n of preening 

i n f l i e s which were being tested f o r o l f a c t o r y r e a c t i o n . This 

d u r a t i o n would c l e a r l y have v a r i e d considerably between i n d i v i d u a l s , 

since some f l i e s which were allowed to preen w i t h o u t i n t e r r u p t i o n f o r 

observation of t h i s f a c t o r maintained the preening f o r several minutes, 

while others stopped almost immediately. Possibly a f l y i n which the 

mo t i v a t i o n t o preen was strong enough f o r t h i s a c t i v i t y to be maintained 

f o r a long period would s t a r t preening again soon a f t e r the i n t e r r u p t i o n . 

This would a f f e c t the t o t a l number of preenings counted, so t h i s t o t a l 

was presumably influenced by the p o t e n t i a l d u r a t i o n of preening. 

Thus the simple count of the number of preenings probably included 

some i n f l u e n c e of the d u r a t i o n as w e l l as of the frequency of preening, 

and was an accurate measure of n e i t h e r . Since P was counted f o r f l i e s 

being tes t e d p r i m a r i l y f o r an o l f a c t o r y r e a c t i o n , the technique could 

n o t / 
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not be modified to increase the accuracy of the measurement of £. 

Immediately a f t e r emergence, f l i e s spend a considerable amount of 

time i n preening the legs and wings; since the dO r e s u l t s were taken 

as soon a f t e r emergence as po s s i b l e , and since the age a t which t h i s 

post emergence ext r a preening stops i s very v a r i a b l e , the r e s u l t s from 

dO could not be used f o r any comparative s t u d i e s , and have not been 

kept. 

The reasons f o r the occurrence of preening i n the choice chamber 

are not known. Possibly disarrangement of the b r i s t l e s caused the f l y 

some dis c o m f o r t , which was r e l i e v e d by the smoothing a c t i o n of preening. 

Thus preening cannot be r e l a t e d to any f i e l d behaviour; i n t h a t the 

con d i t i o n s of t e s t were kept constant, however, i t was s t i l l v a l i d to 

compare the stocks f o r t h i s character, and to consider f o r a genetic 

analysis any d i f f e r e n c e s recorded. 

D a i l y t e s t s , as f o r W, showed th a t P changed w i t h age i n a l l stocks, 

but i n a nearly l i n e a r way (see Table 8 , F i g . 1 1 . ) . As there were no 

marked r i s e s or f a l l s i n P_ wi t h age, the accuracy of samples of f l i e s 

tested f o r t h i s character at any age would not be s e r i o u s l y reduced by 

small age d i f f e r e n c e s w i t h i n the sample. However, f l u c t u a t i o n s and 

i n d i v i d u a l v a r i a t i o n i n r e s u l t s were s t i l l found, as was to be expected, 

e s p e c i a l l y i n the r e s u l t s f o r marked f l i e s . 

Preening counts were taken f o r a l l the samples of 100 f l i e s which 

were tested a t dlO (see F i g . 1 2 . ) . Comparison by variance a n a l y s i s of 

the small samples, of which the large samples were composed, showed 

s i g n i f i c a n t / 
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THE RESULTS IN TABLE 8 HAVE BEEN PLOTTED AGAINST AGE. 
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s i g n i f i c a n t d i f f e r e n c e s i n the cases of B females and D males, but 
not i n any other case. Comparison of sexes w i t h i n each stock by the 
' t ' t e s t showed sex d i f f e r e n c e s only i n A. Comparison of stocks by 
the ' t ' t e s t showed that both sexes of A d i f f e r e d from those of 13 and 
D, but tha t _B and JD were s i m i l a r . 

D was made up of stocks taken from three d i f f e r e n t places i n 

Denmark, and comparison of these three gave s i g n i f i c a n t d i f f e r e n c e s 

between the males but not between the females. Since the separate 

samples w i t h i n each of the three Danish stocks were incompatible i n 

each case f o r the males and i n one case f o r the females, t h i s d i f f e r e n c e 

between Danish stocks i s h i g h l y suspect. 

The study of preening was s t a r t e d to determine the s u i t a b i l i t y of 

t h i s character f o r a genetic analysis of any d i f f e r e n c e s between stocks. 

Although some d i f f e r e n c e s were e s t a b l i s h e d , i t was decided t h a t these were 

not of s u f f i c i e n t size to be s u i t a b l e f o r genetic a n a l y s i s . Study of 

£ has, however, provided some i n f o r m a t i o n which bears on the questions 

of sex d i f f e r e n c e s w i t h i n stocks, and changes w i t h i n stocks between 

generations, both of which are considered i n d e t a i l i n a l a t e r s e c t i o n . 
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FIG. 12 FREQUENCY DISTRIBUTION OF THE 
OCCURRENCE OF PREENING AT Dig IN 

A, B, AND D 

THE FREQUENCY OF PREENING AT dlO HAS DEEN COUNTED FOR 100 WLZS 

AND IOC FEiVALES OF A, B AND D, AND THESE RESULTS PRESENTED AS 

HISTOGRAMS. THE VSAN AND STANDARD ERROR HAVE BEEN QUOTED FOR 

EACH SET. 
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6. FLIGHTS IN THE CHOICE CHAMBER 

Observation suggested d i f f e r e n c e s between the stocks examined 

i n the frequency of f l i g h t s made w i t h i n the choice chamber, and the 

number of f l i g h t s made has been recorded. 

The reasons f o r the occurrence of these f l i g h t s are not known. 

Some were almost c e r t a i n l y f r i g h t r e a c t i o n s ; probably others were 

simply a means of g e t t i n g about other than walking. Since the space 

f o r f l i g h t was l i m i t e d , the d u r a t i o n of the f l i g h t s was l i m i t e d , but 

some d i f f e r e n c e s between i n d i v i d u a l s was observed i n such features as 

the angle of t a k e - o f f . No record was made of such fe a t u r e s however, 

the record being r e s t r i c t e d to the frequency of f l i g h t s . 

The number of f l i g h t s was a f f e c t e d by the number of preenings, i n 

that the disturbance of preening always brought about at l e a s t one, 

and sometimes a number of f l i g h t s . The only constant feature here was 

that the animal d i d f l y a f t e r each disturbance; thus the best estimate 

of the number of ' i n t e n t i o n a l ' f l i g h t s came from s u b t r a c t i n g the number 

of preenings from the t o t a l number of f l i g h t s made dur i n g the t e s t i n g 

p e r i o d . The number obtained i s r e f e r r e d to below as 'F'. 

D a i l y t e s t s , as w i t h W and £, showed t h a t the frequency of f l i g h t s 

changed w i t h age, but i n a nearly l i n e a r way (see Table 9 , F i g . 1 3 . ) . 

Thus the accuracy of large samples i s probably more s i m i l a r to tha t of 

P than to t h a t of W. 

A f t e r emergence, normal f l i g h t i s impossible u n t i l hardening i s 

complete/ 
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complete; f o r t h i s reason the records taken f o r F_ at dO have been 

disregarded, as f o r P. 

F_ was recorded f o r the samples of 1 0 0 f l i e s tested a t dlO (see 

Fig . 1 4 - ) . Comparison of the small samples w i t h i n each large sample 

showed them to be compatible f o r each stock, and there were no d i f ­

ferences between the three Danish stocks of d i f f e r e n t o r i g i n s . Com­

parison of the sexes showed th a t only i n B was there any s i g n i f i c a n t 

sex d i f f e r e n c e . Comparison of stocks showed t h a t A d i f f e r e d from B 

f o r both sexes, but t h a t only the females of B and D d i f f e r e d , and 

then only by a small amount. 

As w i t h P, t h i s study was s t a r t e d to e s t a b l i s h the s u i t a b i l i t y of 

the character f o r a genetic a n a l y s i s of any d i f f e r e n c e s between stocks. 

Although some d i f f e r e n c e s were e s t a b l i s h e d , these were not of s u f f i c i e n t 

size f o r a genetic a n a l y s i s to be c a r r i e d out. Study of F has, however, 

provided some i n f o r m a t i o n which bears on the questions of sex d i f f e r ­

ences w i t h i n stocks, and changes w i t h i n stocks between generations, 

both of which are d e a l t w i t h i n d e t a i l i n the sections devoted to these 

t o p i c s . 
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7 . COMPARISON OF SEXES WITHIN THE STOCKS 

Comparison of the two sexes w i t h i n each stock by the * t ' t e s t 

show t h a t , f o r the e a r l y samples of A and j3 f there were s i g n i f i c a n t 

d i f f e r e n c e s between the sexes f o r W a t dO and dlO. Since the mature 

wool r e a c t i o n of the females i s thought to be concerned w i t h o v i p o s i t i o n , 

a sex d i f f e r e n c e i n t h i s character might be expected. For both A and 

]3, however, the mean d i f f e r e n c e between sexes f o r W a t dO was very s m a l l , 

and there was no sex d i f f e r e n c e i n D f o r t h i s character. 

A second large sample front the same population of A, taken a number 

of generations l a t e r , showed no d i f f e r e n c e s between sexes f o r W at dO. 

Samples of 1 0 0 males and 1 0 0 females were l a t e r taken from a separate, 

inbred, stock of B, and there was no d i f f e r e n c e between sexes f o r Yf a t 

dO. This evidence casts doubts on the v a l i d i t y of the sex d i f f e r e n c e s 

i n the e a r l y samples of A and JJ f o r W a t dO. 

Sex d i f f e r e n c e s were also shown by the comparison of sexes f o r P 

at dlO i n A, and £ at dlO i n B. 

For D, the two sexes were sampled du r i n g the same generations. 

For the e a r l y samples of A and B however, the females were sampled 

before the males, a number of generations elapsing between the two sets 

of samples f o r each stock. A females were tested from November 1 9 5 7 

to October 1 9 5 8 . A males were tested from August 1 9 5 8 to October 1 9 5 8 . 

B females were tested from November 1 9 5 7 to October 1 9 5 8 . B males were 

tested from October 1 9 5 8 to December 1 9 5 8 . 

Thus/ 
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Thus the sex d i f f e r e n c e s apparent w i t h i n the stocks could be due 

t o : -

1 . Real, inherent sex d i f f e r e n c e s w i t h i n the stocks. 

2. Changes i n my methods du r i n g the time which elapsed between the t e s t s 

f o r the females and those f o r the males, p a r t i c u l a r l y i n the extent 

to which the age of the f l i e s tested was c o n t r o l l e d . 

3 . Changes w i t h i n the stocks during the time which elapsed between the 

t e s t s f o r the females and those f o r the males. 

The second p o s s i b i l i t y i s a probable explanation of the sex d i f ­

ferences i n A and B f o r at dO; the samples f o r females a t t h i s age 

i n both stocks were taken e a r l y i n t h i s work, while the samples f o r the 

males were taken l a t e r , a t a time when the e f f e c t s of age on W were 

more c l e a r l y understood, and when greater care was being taken t o 

c o n t r o l the age of f l i e s tested f o r the emergence r e a c t i o n . The t h i r d 

p o s s i b i l i t y might provide the best explanation f o r the d i f f e r e n c e s between 

sexes i n P and £. 

Conclusions based on the r e s u l t s f o r one stock cannot immediately 

be accepted as rel e v a n t to consideration of another stock. However, 

i t does seem reasonable on the data a v a i l a b l e to conclude:-

1 . That sex d i f f e r e n c e s f o r iV a t dlO are r e a l and inherent i n A and B. 

2. That the apparent sex d i f f e r e n c e s f o r IV at dO were due to changes 

i n the c o n t r o l of the age of the f l i e s d u r i n g the time which elapsed 

between the t e s t s f o r the females and those f o r the males, or to 

changes i n the stock d u r i n g t h i s time, or to some combination of 

these/ 



these two f a c t o r s . 

That the apparent sex d i f f e r e n c e f o r P i n A and f o r F i n B might be 

due to some change w i t h i n the stocks. 
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8. CONSIDERATION OF POSSIBLE CHANGES WITHIN THE LABORATORY STOCKS USED 

The r e s u l t s obtained f o r the e a r l y large samples of both sexes 

i n A and B, i n each case 10 or 11 small samples t o t a l l i n g one hun­

dred i n d i v i d u a l s , have been examined f o r i n d i c a t i o n s of change w i t h i n 

the stocks over the periods f o r which the stocks were sampled. These 

stocks were sampled a t d i f f e r e n t i n t e r v a l s d u r i n g t h i s time, and the 

small samples were taken i n groups of v a r y i n g s i z e . 

The periods over which the large samples were b u i l t up, and the 

number of separate months i n which the small samples were taken, are 

l i s t e d below. 

Stock Age No. of months sampled. Period over which 

A 9 DO 4 4 months 

A 9 D10 5 12 months 

B 9 DO 3 3 months 

B 9 D10 .5 12 months 

A 3 DO 3 3 months 

A 6 D10 2 2 months 

B $ DO 2 2 months 

B £ D10 3 3 months 

The dates a t which the samples were taken were recorded i n every 

case, but not the number of generations over which the stocks had been 

recorded. 

Under/ 
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Under the c u l t u r i n g c o n d i t i o n s which applied to t h i s work, a 

generation took approximately one month to complete; f o r the present 

a n a l y s i s , the generations are assumed to correspond to calendar months. 

V/hile t h i s i s not completely accurate i t i s the best estimate which can 

be obtained from the a v a i l a b l e data. The d i s t r i b u t i o n of the sample 

dates i s not optimum f o r evaluation of changes between generations, 

but they were not arranged w i t h t h i s i n mind. 

The r e s u l t s a v a i l a b l e have been p l o t t e d against the c a l c u l a t e d 

number of generations involved. (See F i g . 1 5 ) . For W at dO, a l l graphs 

except those f o r B males suggest an upward tr e n d . The f i g u r e s f o r V.' 

i n A females at dlO suggest a downward t r e n d , while the others suggest 

an increase. No trends are suggested by the grrphs of P and £, except 

a possible downward trend i n £ f o r B females. 

An analysis of variance was c a r r i e d out on the large samples to 

check the s i g n i f i c a n c e of the d i f f e r e n c e s between the component small 

nnmplcs, er.ch sample being t r e n t e d separately so that "within-sample" 

variance was compared w i t h "between-sample" variance. (See Table 1 0 ) . 

The r e s u l t s show th?t only f o r V/ and P at dlC i n 13 females are these 

d i f f e r e n c e s s i g n i f i c a n t . This suggests e i t h e r t h a t there was no 

r e a l change between generations, or t h a t the "between-sample" variance, 

due to any change which might have occurred, was masked by the " w i t h i n -

sample" variance, t h i s being due to the inherent v a r i a b i l i t y of the 

[ M a t e r i a l and the inaccuracy of the method, discussed i n d e t a i l i n 

a l a t e r section on v.nri&tion. For W at dlO i n B females the r e ­

a c t i o n changed markedly at about the time of o v i p o s i t i o n ; any d i f ­

ference between samples i n what might be/ 
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Table 1 0 . Variance a n a l y s i s by sample and by estimated 
generation of the reactions of males and females of A and B. 

i i i 
Var i a b l e deg trees of freedom Fixed degrees of freedom 

Stock Character F by sample F by generation F by sample F by generatior 
9 3 A 9 9 W at dO 0 . 7 5 9 9 1 . 0 1 9 9 < 1 . 3 5 -CI . 3 5 

1 . 8 
1 0 4 

X! a t dlO 1 . 8 9 9 * 3 . 9 9 9 1 . 5 2 . 5 

1 0 4 P a t dlO 1 . 7 9 9 1 . 9 9 9 1 . 5 1 . 5 

1 . 6 
1 0 4 F a t dlO 1 . 6 9 9 0 . 5 9 9 1 . 5 < a . 3 5 

9 2 
B 9 9 W at dO 0 . 4 9 9 1 ; 9 9 9 < 1 . 3 5 1 . 5 

1 0 4 
V.' a t dlO * 2 . 4 9 9 2 . 3 9 9 2 . 3 5 1 . 7 

1 0 4 P a t dlO * 3 . 6 9 9 * 4 . 5 9 9 3 . 0 5 3 . 0 

1 0 4 F a t dlO 1 . 0 9 9 2 . 2 9 9 ^ 1 . 3 5 1 . 6 5 

q 2 
A $6 W a t dO 1 . 2 9<i 0 . 9 9 9 < 1 . 3 5 <1.35 

9 1 
W at dlO 0 . 1 9 9 0 . 2 9 9 ^ 1 . 3 5 < 1 . 3 5 

9 1 
P at dlO 0 . 9 9 9 2 . 2 9 9 

* 
1 . 5 

F at dlO 0 . 8 
9 

9 9 0 . 1 
1 

9 9 < 1 . 3 5 < 1 . 3 5 

9 1 
B $6 W at dO 0 . 2 9 9 0 . 1 9 9 < 1 . 3 5 < 1 . 3 5 

2 
W at dlO 0 . 1 9 9 0 . 1 9 9 ^ 1 . 3 5 < 1 . 3 5 

9 2 
P at dlO 0 . 2 9 9 2 . 7 9 9 < 1 . 3 5 1 . 6 5 

9 2 
F a t dlO 0 . 4 9 9 0 . 3 9 9 < 1 . 3 5 < 1 . 3 5 

The r e s u l t s of t h i s a n a l y s i s have been l i s t e d ; the degrees of freedom are 
quoted w i t h the "between sample or generation" degrees of freedom above the 
" w i t h i n sample or generation" degrees of freedom. T o t a l of 1 0 0 i n each 
f u l l s e t . i . Actual degrees of freedom quoted, i i . Variance r a t i o 
adjusted to f i t a r b i t r a r i l y chosen "between sample or generation" degrees 
of freedom = 1 2 , and " w i t h i n sample or generation" degrees of freedom = 1 2 0 . 
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be termed the 'average m a t u r i t y ' of the females would give r i s e t o a 
high "between-sample" variance. This might e x p l a i n the i n c o m p a t i b i l i t y 
of the component samples f o r t h i s character, but the same argument does 
not apply to P_. 

The same m a t e r i a l was then re-analysed by the same an a l y s i s of 

variance method, the data being grouped by generations instead of by 

samples (See Table 10.). The r e s u l t s of t h i s a n a l y s i s show t h a t the 

component generations d i f f e r e d s i g n i f i c a n t l y f o r W a t dlO i n A females, 

and f o r P a t dlO i n B females; W a t dlO f o r B females showed no s i g ­

n i f i c a n t d i f f e r e n c e on t h i s a n a l y s i s . 

For a c l o s e r comparison of the two analyses, i t was necessary to 

equate the degrees of freedom throughout the analyses before the var­

iance r a t i o could be compared, since the s i g n i f i c a n c e of any given 

variance r a t i o depends on the appropriate degrees of freedom; conversely, 

the value of t h i s r a t i o appropriate f o r any l e v e l of s i g n i f i c a n c e depends 

on the degrees of freedom. So a l i values of the variance r a t i o were 

scaled to a "g r e a t e r variance estimate" degrees of freedom of 12, and 

a " l e s s e r variance estimate" degrees of freedom of 120. When t h i s was 

done, i t was found t h a t the variance r a t i o f o r the an a l y s i s by generation 

was g r e a t e r than t h a t f o r the an a l y s i s by sample i n 5 cases, smaller i n 

3 cases, and the same i n 8 cases. 

Thus, t h i s a n a l y s i s d i d not e s t a b l i s h any s i g n i f i c a n t change between 

generations f o r a l l characters taken together. Nor has i t been possible 

c l e a r l y / 



c l e a r l y to show any s i g n i f i c a n t change i n any s i n g l e character. How­

ever, the gr a p h i c a l representation of the data i s suggestive i n some 

cases of change between generation, so the p o s s i b i l i t y of such change 

cannot be dismissed e n t i r e l y . The only v e r d i c t possible on t h i s 

evidence alone i s one of 'not proven'. Because of the inaccuracy of 

the method, i t i s possible that any changes which might have occurred 

have been masked by the e r r o r s inherent i n the methods used to measure 

the characters. However, i t i s c l e a r t h a t no major changes, i n f a c t 

no measurable changes, d i d occur. 

The s i g n i f i c a n c e of the sex d i f f e r e n c e s apparent i n the o r i g i n a l 

samples taken f o r A and B has already been discussed i n d e t a i l . For 

these stocks, the two sexes were not sampled c o n c u r r e n t l y . The con­

c l u s i o n reached was th a t the sex d i f f e r e n c e s apparent i n both stocks, 

except f o r the mature wool r e a c t i o n s , were probably due e i t h e r to 

changes i n the stocks d u r i n g the period between the time of t e s t i n g 

the females and the l a t e r time of t e s t i n g the males, or to changes i n 

the degree of c o n t r o l of the age of the f l i e s tested d u r i n g t h i s time, 

or t o some combination of these two f a c t o r s . The most l i k e l y explana­

t i o n of these d i f f e r e n c e s i s an increase i n the c o n t r o l of the age of 

the f l i e s t e s t e d , p a r t i c u l a r l y f o r the emergence wool r e a c t i o n , and there 

i s no reason to postulate r e a l changes i n the s tocks* 

A second s e r i e s of t e s t s was made f o r the same stock of A a f t e r a 

considerable time had elapsed from the f i r s t s e r i e s , and these two 

series have been compared. U n f o r t u n a t e l y , the only character studied 

i n the second series was W a t dO, so only t h i s character i s a v a i l a b l e 

f o r / 
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f o r comparison. The females of the two samples were a l i k e , but the 
males d i f f e r e d ; f o r t h i s character there was a sex d i f f e r e n c e i n the 
e a r l i e r samples but not i n the l a t e r ones. The two sexes of the l a t e r 
samples were both s i m i l a r to the sex which was t e s t e d e a r l i e r i n the 
e a r l y samples. This would be d i f f i c u l t to e x p l a i n i n terms of changes 
w i t h i n the stocks. 

Hence the evidence, while not e n t i r e l y c o n c l u s i v e , does not support 

the suggestion of major changes i n the stocks under the c o n d i t i o n s of 

c u l t u r e used i n t h i s work. I f any changes occurred a t a l l , they were 

c e r t a i n l y minor, and would presumably have a r i s e n due to s e l e c t i o n im­

posed a c c i d e n t a l l y i n the c u l t u r e s . Since these changes were e i t h e r 

non-existent, or at l e a s t too small to be measured adequately, there 

i s l i t t l e p o i n t i n considering possible s e l e c t i v e pressures here. How­

ever, i t would be very i n t e r e s t i n g to impose s e l e c t i o n d e l i b e r a t e l y on 

these characters and to study them over a number of generations i n a 

c o n t r o l l e d experiment. 
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9 . CONCLUSIONS TO STUDIES OF BEHAVIOUR 

The conclusions reached from t h i s study of behaviour are i n two 

pa r t s ; f i r s t , a co n s i d e r a t i o n of the value of the characters studied 

as the basis of a genetic a n a l y s i s , and t h i s w i l l be de a l t w i t h i n 

i n t r o d u c i n g the g e n e t i c a l s e c t i o n : second, the inferences which can 

be drawn, from the r e s u l t s obtained i n the present work, on the f i e l d 

behaviour and ecology of the f l i e s . I t i s t h i s second part which 

w i l l be de a l t w i t h here. 

This work was e n t i r e l y a la b o r a t o r y study of behaviour, and there 

are obvious dangers i n r e l a t i n g l a b o r a t o r y studies to f i e l d behaviour, 

but the former are commonly undertaken i n order to throw l i g h t on the 

l a t t e r . 

The p o s s i b i l i t y of change i n the characters studied d u r i n g the 

period of la b o r a t o r y c u l t u r e has been considered i n d e t a i l already. 

Such changes, i f they occurred at a l l , were too small to be shown 

c l e a r l y by s t a t i s t i c a l a n a l y s i s , nor was there any change i n the 

p a t t e r n of ageing of these r e a c t i o n s . I t can be concluded t h a t these 

re a c t i o n s were maintained w i t h l i t t l e or no change over a considerable 

number of generations of l a b o r a t o r y c u l t u r e f o r A and B, when the f l i e s 

had no access to sheep or to any f i e l d c o n d i t i o n s . Any minor changes 

which might have occurred could have had no e f f e c t other than to increase 

s l i g h t l y the variance of the large samples taken over a number of gen­

e r a t i o n s . 

Cragg/ 
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Crags nnd Cole (1956) showed that, l a r v a l c o n d i t i o n i n g had no 

s i g n i f i c a n t e f f e c t on the mature wool reactions of B r i t i s h females. 

I t has also been shown i n the present work th a t the wool r e a c t i o n 

characters of A and B were under some measure of genetic c o n t r o l ; 

t h i s i s d e a l t w i t h i n d e t a i l i n the section on genetic s t u d i e s . 

These r e a c t i o n s , then, were innate , maintained under the conditions of 

l a b o r a t o r y c u l t u r e , r e s i s t a n t to c o n d i t i o n i n g , and under some genetic 

c o n t r o l . 

I t must be concluded that the l a b o r a t o r y behaviour which was 

studied r e f l e c t e d the normal f i e l d behaviour to some extent at l e a s t , 

which would seem to j u s t i f y cautious argument from l a b o r a t o r y r e s u l t s 

to f i e l d behaviour. 

The f i r s t of the d i f f i c u l t i e s i n t h i s procedure i s t h a t i t i s 

necessary to assume t h a t the f l i e s tested were t y p i c a l of the populations 

of t h e i r respective c o u n t r i e s . The only a l t e r n a t i v e to t h i s assumption 

would have been to t e s t a number of stocks froii' each country, and t h i s 

was not possible i n the time c-.vailable f o r the present work. I t i s 

r e l e v a n t , but by no means conclusive, t h a t no d i f f e r e n c e s were found 

between stocks from d i f f e r e n t parts of Denmark, while Cragg and Cole 

found no d i f f e r e n c e between f l i e s from London and those from parts of 

the country i n which sheep are normally kept. 

The next d i f f i c u l t y i s t h a t there are reasons, discussed i n d e t a i l 

i n the section on genetic s t u d i e s , to doubt the accuracy of the methods 

used i n t h i s work. However, since there i s no reason to assume t h a t 

these/ 
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these inaccuracies d i f f e r e d f o r the d i f f e r e n t stocks of f l i e s t e s t e d , 

they would presumably tend to decrease the s t a t i s t i c a l s i g n i f i c a n c e of a 

re a l d i f f e r e n c e between stocks by increasing the variance, r a t h e r than 

to show spurious d i f f e r e n c e s . Thus the r e s u l t s obtained are s t i l l 

v a l i d f o r comparison of the stocks; they are also the best estimates 

a v a i l a b l e . 

The reasons f o r the occurrence of f l i g h t s and preenings i n the 

choice chamber are not known, as has been discussed i n d e t a i l above. 

I t i s at l e a s t possible t h a t the frequencies r e g i s t e r e d f o r these r e ­

a c t i o n s were the r e s u l t s of responses to a number of s t i m u l i , and these 

parts of the work are of l i t t l e value as studies of behaviour per se. 

I t would c l e a r l y be most unwise to t r y t o r e l a t e £ and £ to f i e l d 

behaviour. 

The c o n s i d e r a t i o n of the f i e l d behaviour of the f l i e s , as deductions 

from the present work, w i l l t h e r e f o r e be confined to the o l f a c t o r y r e -

p c t i o n s . For these, there would seem to be no reason why the l a b o r a t o r y 

r e a c t i o n s measured should not be considered i n r e l a t i o n to the f l y i n 

the f i e l d . I t must be remembered however that f i e l d behaviour i s i n 

response to a simultaneous complex of s t i m u l i , w h i l e the l a b o r a t o r y 

studies were of the reactions to s i n g l e s t i m u l i . 

I n both sexes of a l l the stocks t e s t e d , the wool r e a c t i o n decreased 

from the emergence l e v e l . I n the females of both A and B, W then rose t o 

secondary peak. The s i g n i f i c a n c e of the wool r e a c t i o n must c l e a r l y be 

considered i n three p a r t s ; f i r s t , the emergence r e a c t i o n , second the 

f a l l from t h i s l e v e l , and t h i r d the mature r e a c t i o n . 
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The reason f o r the high emergence r e a c t i o n i s d i f f i c u l t to see. 

C e r t a i n l y i t does not enable females to o v i p o s i t on sheep since they 

are not ready to lay at t h i s stage. A possible explanation i s that t h i s 

r e a c t i o n , common to both sexes i n a l l stocks, has a gathering e f f e c t on 

the f l y p o p u l a t i o n , b r i n g i n g the sexes together and f a c i l i t a t i n g mating. 

The d i f f i c u l t y w i t h t h i s explanation i s t h a t the r e a c t i o n i s so short 

l i v e d , except i n B males. A concentration of f l i e s near sheep due to 

the wool r e a c t i o n would hardly f a c i l i t a t e mating unless the f l i e s were 

ready to mate du r i n g the period of the short l i v e d r e a c t i o n to wool. 

Professor Cragg and Dr. Cole have t o l d me t h a t , from t h e i r ob­

ser v a t i o n s , mating could occur i n the c u l t u r e cages d u r i n g the f i r s t 

few hours a f t e r emergence. My observations d i d not agree; I saw no 

mating w i t h i n the f i r s t three days, but my study of t h i s behaviour was 

not extensive. Barton Brown ( 1 9 5 S ) showed t h a t f ew, i f any, females of 

L u c i l i a cuprina were prepared to mate under lab o r a t o r y c o n d i t i o n s u n t i l 

the ovaries had developed considerably; they seidoir accepted males 

w i t h i n the f i r s t three days a f t e r emergence, although the males might 

have been prepared to mate sooner. The work of Johnston and Tiegs 

( 1 9 2 2 ) suggested t h a t males of L u c i l i a s e r i c a t a were sexually mature 

soon a f t e r emergence, while the females took two to fou r days t o mature. 

M.J. Mackerass ( . 1 .935 ) showed t h a t males of L u c i l i a s e r i c a t a and L u c i l i a 

cuprina had some a c t i v e sperms i n the testes w i t h i n twelve hours of 

emergence, and t h a t these increased markedly i n number over the next 

two days; t h i s suggests that, males might be more ready to mate a f t e r 

two or three days than immediately a f t e r emergence. 
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The evidence on the time at which mating occurs i s c l e a r l y not 

conclusive; there i s very l i t t l e r e l e v a n t evidence a v a i l a b l e . I t 

would be i n t e r e s t i n g to repeat on L u c i l i a s e r i c a t a the work of Barton 

Brown, extending i t to determine the times at which the two sexes were 

prepared to mate, and determining the e f f e c t of a meatless d i e t on 

the time of mating of the females. On balance, the evidence now a v a i l ­

able suggests t h a t mating i s more l i k e l y to occur when the females, and 

probably the males a l s o , are at least two t o three days o l d . 

By t h i s age, the emergence r e a c t i o n to wool was l a r g e l y l o s t i n the 

stocks which I s t u d i e d , and i t i s d i f f i c u l t to see a connection between 

t h i s r e a c t i o n and mating, except possibly i n the case of B. Here the 

males r e t a i n e d the r e a c t i o n , w i t h only a s l i g h t decrease, throughout the 

period of t e s t . Possibly the females v i s i t i n g sheep, due to the e a r l i e r 

or the l a t e r r e a c t i o n to wool, might be f e r t i l i s e d i n the v i c i n i t y of 

sheep by the males which, i f W i s i n t e r p r e t e d as a r e a c t i o n a t t r a c t i n g 

f l i e s to sheep, would be held there. Thus the connection between the 

e a r l y wool r e a c t i o n and mating does seem possible i n B. 

Professor Cragg suggested to me t h a t the presence of f l i e s a t t r a c t s 

other f l i e s to the same place. Dethier (1955) showed t h a t the sugar 

b a i t i n traps f o r Museid f l i e s was made a t t r a c t i v e by the a c t i o n of 

f l i e s on the sugar, producing an a t t r a c t i v e v o l a t i l e brew. I f the 

presence of f l i e s on or near sheep increased t h a t a t t r a c t i o n of the 

sheep f o r other f l i e s , then the gathering e f f e c t of the wool r e a c t i o n 

would be enhanced. This might also prolong the stay i n that area of 
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any f l i e s which had v i s i t e d the sheep i n i t i a l l y because of a t r a n s i e n t 

r e a c t i o n to the sheep i t s e l f . But there i s no i n d i c a t i o n t h a t the 

re a c t i o n of i n d i v i d u a l L u c i l i a s e r i c a t a to other members of the species 

would be strong enough to hold near sheep a population of f l i e s unless 

the m a j o r i t y of these f l i e s were also a t t r a c t e d to the sheep. I t would 

be of considerable i n t e r e s t i n t h i s context to know the extent to which 

there i s a population of f l i e s held i n the v i c i n i t y of sheep i n the 

f i e l d , and how much t h i s concentration i s due to the wool r e a c t i o n and 

how much to the presence of other f l i e s . A study of marked, l a b o r a t o r y 

reared f l i e s released i n t o the f i e l d might give some of t h i s i n f o r m a t i o n , 

since t h i s technique might make i t possible to determine not only the 

population of f l i e s near the sheep, but also the age s t r u c t u r e of t h a t 

p o p u l a t i o n . 

The emergence r e a c t i o n , i f i t takes f l i e s to the v i c i n i t y of sheep, 

could be of value to the f l i e s i n some way other than by the f a c i l i t a t i o n 

of mating. Yifhere mammals are present, water i s usu a l l y a v a i l a b l e i n 

some form; f o r example the water supply of the sheep, or t h e i r u r i n e or 

faeces or sweat might serve as a source of water to the b l o w f l i e s . Pos­

s i b l y the f l i e s need water soon a f t e r emergence, and the response to the 

presence of sheep might increase the chance of t h e i r f i n d i n g a water 

supply. This would be more important i n a d r i e r country l i k e A u s t r a l i a 

than i n the wett e r B r i t a i n and Denmark, which could e x p l a i n the great e r 

emergence r e a c t i o n of A. I n t h i s context i t would be of i n t e r e s t t o 

know whether the f l i e s f i n d food or water on or near sheep, and t h i s 

i n f o r m a t i o n might be made a v a i l a b l e by f i e l d s t u d i e s . A comparative 

study/ 



94. 

study of the l a b o r a t o r y humidity reactions of the f l i e s would also be 
i n t e r e s t i n g . 

I t would also be i n t e r e s t i n g to know the water requirements of the 

f l i e s a t d i f f e r e n t ages, and the p a t t e r n of change of t h e i r humidity 

r e a c t i o n s . Evans (1935) suggested t h a t the increase i n weight of f l i e s 

soon a f t e r emergence i n the l a b o r a t o r y was due l a r g e l y to the uptake of 

sugar; h i s work also suggested t h a t water was taken i n soon a f t e r em­

ergence, since f l i e s which had access only to water l o s t weight more 

slowly than f l i e s which had n e i t h e r sugar nor water a v a i l a b l e . 

I f sheep are a t t r a c t i v e a t t h i s stage because t h e i r presence s i g ­

n i f i e s t h a t water is^ a v a i l a b l e , then the presence of other animals such 

as cows would be j u s t as valuable to the f l i e s . I t would be i n t e r e s t i n g 

to know i f the f l i e s react to substances such as c a t t l e hides, and to 

know the p a t t e r n of change of such reactions w i t h age. I t i s possible 

t h a t the emergence r e a c t i o n , and perhaps other narts of the wool r e a c t i o n 

p a t t e r n , has d i f f e r e n t f i e l d meanings f o r the d i f f e r e n t stocks. I t 

would c l e a r l y be of considerable value to know what substance, or sub­

stances, present i n the sheep fleece are responsible f o r the wool r e ­

a c t i o n s . The re a c t i o n s to fleece might be h i g h l y s p e c i f i c , or they 

might be evoked by a range of substances present on animals other than 

sheep. 

The second f e a t u r e of the wool r e a c t i o n was the drop from the emergence 

l e v e l of t h i s r e a c t i o n , found i n both sexes of a l l stocks. I t w i l l be 

convenient to consider the sexes separately f o r t h i s p a r t of the p a t t e r n . 
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I t i s known t h a t female b l o w f l i e s r e q u i r e p r o t e i n meals before the 
ovaries can mature, and t h i s p r o t e i n i s u s u a l l y obtained i n the f i e l d from 
c a r r i o n . The only known exception to t h i s i s found i n the s t r a i n of 
L u c i l i a cuprina studied by Nicholson (1957); t h i s s t r a i n , a f t e r a 
number of generations of s t r i c t s e l e c t i o n f o r completion of the l i f e 
c ycle w i t h the minimum amount of meat a v a i l a b l e to the a d u l t , was able 
to mature and o v i p o s i t on a d i e t of sugar and water alone. 

The present work has shown t h a t , i n A and B females, the l a b o r a t o r y 

r e a c t i o n to meat rose from a low emergence l e v e l to a peak a t the time 

when the ovaries were maturing; the r i s e i n K coincided w i t h the f a l l 

i n W. I t would be a disadvantage to the female i n the f i e l d to be 

s t r o n g l y a t t r a c t e d t o l i v e sheep when the need was f o r meat meals a v a i l a b l e 

on c a r r i o n . The reactions to meat and to fleece were c l e a r l y co-or­

dinated. The f a c t t h a t the secondary r i s e i n \i_ was not seen when the 

ovaries were unable to mature due tn lack of meat i n the d i e t s t r o n g l y 

supports t h i s hypothesis. The l a t t e r evidence also suggests t h a t the 

c o n t r o l of the two reactions was by way of the o v a r i e s . I t i s possible 

however, t h a t the ovaries c o n t r o l l e d one r e a c t i o n d i r e c t l y , and that t h i s 

r e a c t i o n then c o n t r o l l e d the other by i n h i b i t i o n . r.ebber (1955) showed 

t h a t v i r g i n females of L u c i l i a cuprina produced and matured eggs i n the 

o v a r i e s , but very seldom l a i d them. I t would be i n t e r e s t i n g to know the 

e f f e c t o f f e r t i l i s a t i o n on W and on M, since o v i p o s i t i o n a f f e c t s W, and 

f e r t i l i s a t i o n probably a f f e c t s o v i p o s i t i o n i n L u c i l i a s e r i c a t a . 

There i s l i t t l e doubt t h a t , i f the emergence r e a c t i o n takes females 

to the v i c i n i t y of l i v e sheep, i t subsequently becomes necessary f o r them 
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to search f o r c a r r i o n . I n t h i s case, the search f o r c a r r i o n would be 

l i k e l y to s t a r t from the v i c i n i t y of l i v e sheep, and the p o s s i b i l i t y 

of dead sheer: being near might make t h i s an advantage. Again, i f 

c a r r i o n other than dead sheep i s d i s t r i b u t e d randomly, eggs are more 

l i k e l y to be l a i d near sheep i f the females s t a r t t h e i r search f o r t h i s 

c a r r i o n from the v i c i n i t y of sheep. Thus the emergence r e a c t i o n might 

s t i l l be e f f e c t i v e i n keeping the population near sheep. I t would be 

i n t e r e s t i n g to know i f the females can mature t h e i r ovaries on p r o t e i n 

found on l i v e sheep, f o r example from wounds. More in f o r m a t i o n on the 

reac t i o n s of the f l i e s to iiieat, and on the sources of p r o t e i n f o r the 

females i n the f i e l d , would c l e a r l y be va l u a b l e . 

The males of A and D l o s t t h e i r r e a c t i o n s to wool w i t h i n a few days 

of emergence; i n B males, t h i s r e a c t i o n decreased, but only slowly, 

and a high l e v e l was s t i l l maintained at dlO. I f i t . i s of some advantage 

f o r the males to be a t t r a c t e d t o sheep at emergence, then some reason 

must be nought f o r the ioss of t h i s r e a c t i o n , I t i s known t h a t males of 

L u c i l i a s e r i c a t a can mature on a d i e t of sugar and water wit h o u t meat, 

and meat i n the d i e t has l i t t l e e f f e c t on t h e i r l o n g e v i t y . I t hardly 

seems l i k e l y i n the males th a t W i s l o s t to f a c i l i t a t e feeding on car­

r i o n . However, I have seen males feeding on meat i n the la b o r a t o r y and 

on c a r r i o n i n the f i e l d , so they may sometimes take p r o t e i n meals, but 

the males of A_ q u i c k l y l o s t even t h e i r small emergence r e a c t i o n to meat 

i n the choice chamber. Possibly newly emerged f l i e s have a gen e r a l l y 

heightened r e a c t i o n to o l f a c t o r y s t i m u l i , and the t r a n s i e n t emergence 

reactions shown by the present work may r e f l e c t t h i s r a t h e r than s p e c i f i c 
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reactions to the s t i m u l i considered. 

The p o s s i b i l i t y that the emergence r e a c t i o n to wool i s of some 

value i n f a c i l i t a t i n g mating has been considered above, and seems 

reasonable only i n B because of the t r a n s i e n t nature of the emergence 

reactions of A and D males. For these two the p o s s i b i l i t y t h a t t h i s 

e a r l y r e a c t i o n i s connected with the need f o r water would seem more 

reasonable. I t i s the r a p i d loss of the r e a c t i o n i n A and D males 

which makes the r e a c t i o n d i f f i c u l t to e x p l a i n ; i t i s easier to see a 

reason f o r the maintained r e a c t i o n i n B, I t i s possible t h a t the 

reactions to the same stimulus could have d i f f e r e n t f i e l d bases i n the 

d i f f e r e n t stocks. 

The t h i r d f e ature of the wool r e a c t i o n p a t t e r n i s the r i s e to a 

secondary peak. This was not found i n any of the males, so only the 

females need be considered here. 

I t has been shown that the secondary r i s e i n W was governed, d i r e c t l y 

or i n d i r e c t l y , by the c o n d i t i o n of the o v a r i e s , and t h a t the secondary-

peak, found i n £ and J3 females, occurred at l e a s t very close to the time 

of o v i p o s i t i o n . The d i f f e r e n c e s between the three stocks were consider­

able, w i t h the mature r e a c t i o n of B females being hi g h , t h a t of A being 

low, and t h a t of D being zero. The most l i k e l y f i e l d explanation of 

t h i s i s t h a t the mature r e a c t i o n of the females r e f l e c t s the extent to 

which the mature females seek sheep, and i n d i c a t e s the propensity of the 

f l i e s f o r o v i p o s i t i o n on l i v i n g sheep. I t i s t h i s p a r t of the wool 

r e a c t i o n p a t t e r n which i s most c l e a r l y l i n k e d w i t h myiasis, and there i s 

no r e a l suggestion here of the reactions to the same stimulus being due 
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to d i f f e r e n t f i e l d reasons. 

I t was suggested e a r l i e r t h a t the r e a c t i o n s to meat and to fleece 

are co-ordinated, and t h a t one might i n h i b i t the other. This was 

supported by the f i n d i n g t h a t the means of 61 f o r 20 females of A and 

10 of B f e l l a l i t t l e as the time of o v i p o s i t i o n approached, t h i s being 

a time when W was r i s i n g f o r both sets of females. 

For both A and B the mature females c l e a r l y reacted to both meat 

and f l e e c e . No method was a v a i l a b l e f o r comparison of the absolute 

sizes of the two d i f f e r e n t r e a c t i o n s , so i t was not possible to decide 

which was the stronger r e a c t i o n a t m a t u r i t y . However, A had a higher 

meat r e a c t i o n than B, and a lower wool r e a c t i o n . I t seems l i k e l y 

t h a t g r a v i d females of A are more a t t r a c t e d to c a r r i o n as an o v i p o s i t i o n 

s i t e than are B females, while B females are more a t t r a c t e d to l i v e 

sheep f o r o v i p o s i t i o n than A. 

Having reached these t e n t a t i v e conclusions about the f i e l d s i g ­

n i f i c a n c e of the l a b o r a t o r y reactions s t u d i e d , i t i s now possible to 

consider the extent to which t h i s work explains the r e l a t i v e importance 

of these three species i n the f i e l d as i n i t i a t o r s of myiasis. 

I n terms of t h e i r importance i n i n i t i a t i n g sheep s t r i k e , these three 

s t r a i n s of L u c i l i a s e r i c a t a can be ranked i3, A, p_. B r i t i s h f l i e s 

f r e q u e n t l y cause sheep s t r i k e , or d i d before the discovery of i n s e c t 

c o n t r o l by means of i n s e c t i c i d e s ; A u s t r a l i a n s t r a i n s are not the common 

i n i t i a t o r s of myiasis, although they are secondary pa r a s i t e s a f t e r the 

s t r i k e has been i n i t i a t e d by L u c i l i a cuprina; myiasis i s , and has been, 

of very rare occurrence i n Denmark, although the species i s common i n 

d i s t r i c t s / 



99. 
d i s t r i c t s i n which sheep are kept. Thus, i n t h i s respect, A and D 
are q u i t e s i m i l a r , while B are d i f f e r e n t . The work by Cragg and 
Cole showed t h a t these d i f f e r e n c e s were due to d i f f e r e n c e s between 
the f l i e s , r a t h e r than d i f f e r e n c e s i n a t t r a c t i o n of fleece between 
the respective breeds of sheep. 

The d i f f e r e n c e s between the f l i e s i n t h e i r l a b o r a t o r y reactions 

to f l e ece f i t t h i s order very w e l l , a t l e a s t i n the r e l a t i v e sizes of 

the reactions to meat and f l e e c e shown by the mature females. Time 

d i d not allow the meat rea c t i o n s of D to be t e s t e d . Consideration of 

the pre-maturity reactions of the females, and more p a r t i c u l a r l y the 

e a r l y reactions of the males, suggests t h a t sheep are more l i k e l y to 

provide a focus f o r mating i n B than i n A or D. 

On the basis of h i s f i e l d observations, Professor Cragg suggested 

to me t h a t , i n B a t l e a s t , mating might w e l l occur near sheep, w i t h the 

males concentrated i n t h i s v i c i n i t y ready t o f e r t i l i s e a r r i v i n g females; 

u n f o r t u n a t e l y , there are no comparable observations a v a i l a b l e f o r the 

other two s t r a i n s . 

Of the three s t r a i n s s t u d i e d , B_ i s the one i n which i t seems t h a t 

sheep might be important i n the breeding economy of the f l i e s , both as 

a focus f o r mating and as a s i t e f o r o v i p o s i t i o n . B i s the s t r a i n i n 

which the l a b o r a t o r y r e a c t i o n s studied would most c l e a r l y be of value 

to a primary p a r a s i t e of sheep i n the f i e l d , t h a t i s , to an i n i t i a t o r 

of sheep s t r i k e . Although t h i s i s hardly conclusive evidence, i t would 

be d i f f i c u l t to escape the conclusion t h a t the inherent behaviour r e ­

a c t i o n , measured i n the l a b o r a t o r y as W, i s important i n determining 
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the r e l a t i v e importance of the d i f f e r e n t s t r a i n s of t h i s species as 

i n i t i a t o r s of sheep s t r i k e . 

The eggs of L u c i l i a s e r i c a t a . and the e a r l y l a r v a e , are known to 

need c o n d i t i o n s of high humidity f o r successful development. Since 

the c l i m a t i c humidity of the range of t h i s species i s lower i n Aus­

t r a l i a than i n B r i t a i n , t h i s requirement has been advanced as the d i r e c t 

reason f o r the d i f f e r e n c e between the two s t r a i n s w i t h regard to myiasis. 

The f i r s t c r i t i c i s m of t h i s suggestion i s t h a t the s i g n i f i c a n t 

humidity i s t h a t found at the s i t e of p o t e n t i a l o v i p o s i t i o n , the lower 

l a y e r s of f l e e c e , and not the general humidity of the geographic range; 

the f l e e c e humidity of B r i t i s h sheep has not been shown to be higher 

than t h a t of A u s t r a l i a n or Danish sheep. L. Davies (1948b) has shown 

that B r i t i s h sheep under the same co n d i t i o n s and at the same time d i f f e r 

i n d i v i d u a l l y i n t h e i r fleece humidity, and t h a t the same sheep v a r i e s 

considerably i n i t s fleece humidity at d i f f e r e n t times. I t seems l i k e l y 

t h a t any normal, healthy sheep w i l l sometimes have fleece h u m i d i t i e s 

adequate f o r the development of b l o w f l y eggs and l a r v a e , f o r example 

a f t e r sweating due to excercise, and times when the f l e e c e humidity i s 

too low. Thus the d i f f e r e n c e between sheep of d i f f e r e n t c o u n t r i e s i n 

fleece humidity i s l i k e l y to be s m a l l , the more so since the fleece would 

l a r g e l y i n s u l a t e the humidity close to the s k i n . 

Even i f a r e a l d i f f e r e n c e i n f l e e c e humidity were shown to e x i s t , 

i t i s s t i l l by no means c e r t a i n t h a t such humidity d i f f e r e n c e s would 

a f f e c t the g r a v i d female to the extent of s t i m u l a t i n g or i n h i b i t i n g 
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o v i p o s i t i o n . The importance of humidity as a stimulus involved i n 

o v i p o s i t i o n does not seem to have been studied i n L u c i l i a s e r i c a t a . 

but Harlow (1956) showed th a t o v i p o s i t i o n was independent of humidity 

i n the r e l a t e d Protophormia terrae-novae. I t i s u n l i k e l y t h a t c l i - ' 

matic d i f f e r e n c e s between the c o u n t r i e s should determine the importance 

of t h e i r respective populations of L u c i l i a s e r i c a t a by any d i r e c t i n ­

fluence on o v i p o s i t i o n . I t i s possible t h a t , i f there i s a r e a l d i f ­

ference i n fleece humidity, then t h i s c o n t r o l s myiasis by l i m i t i n g the 

development of eggs and larvae a f t e r o v i p o s i t i o n . This does not seem 

l i k e l y however. I n view of the behaviour d i f f e r e n c e s established be­

tween the three s t r a i n s , i t seems more l i k e l y t h a t t h e i r r e l a t i v e im­

portance i n sheep s t r i k e i s determined by t h e i r own innate behaviour 

p a t t e r n s . 

The wool r e a c t i o n i s not the only f a c t o r of behaviour involved i n 

sheep s t r i k e . Mature B r i t i s h females w i t h , presumably, a high wool 

r e a c t i o n wh& h are i n the v i c i n i t y of sheep w i l l s t r i k e more r e a d i l y 

i f the sheep i s made more a t t r a c t i v e by pads of indole and ammonium 

carbonate, or by such n a t u r a l phenomena as s o i l i n g . Conversely, the 

mature Danish Females w i t h , presumably, no r e a c t i o n to wool w i l l s t i l l 

lay on sheep which have been made a t t r a c t i v e by these chemicals. I t 

was also shown by Rogoff and Barton Brown ( l 9 5 o ) t h a t the te x t u r e of the 

fleece i s important i n determining whether or not a g r a v i d female, having 

reached the sheep, w i l l o v i p o s i t t h e r e . I t i s possible that A, B and 

J) might vary i n t h e i r o v i p o s i t i o n reactions to the same t a c t i l e s t i m u l u s , 

f o r example, as w e l l as i n t h e i r reactions - to wool. 
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The f a c t t h a t r e a c t i o n s other than the wool reactions are known 

to be involved i n the production of myiasis does not reduce the import­

ance of t h i s behaviour i n sheep s t r i k e . I t does s i g n i f y , however, that 

the status of d i f f e r e n t s t r a i n s as i n i t i a t o r s of myiasis cannot be f u l l y 

considered on the evidence of the wool r e a c t i o n alone, although, i n the 

absence of comparative studies of the other r e a c t i o n s , the wool r e ­

a c t i o n i s the only one which can be considered at the moment. 

The d i f f e r e n c e s between A u s t r a l i a n , B r i t i s h and Danish f l i e s i n 

t h e i r wool r e a c t i o n s , or at l e a s t between the l a b o r a t o r y c u l t u r e d stocks 

from these countries used i n t h i s work, were more than simple d i f f e r e n c e s 

between females i n t h e i r s e n s i t i v i t y to f l e e c e ; the highest r e a c t i o n 

was shown by the A f l i e s at emergence, while the highest mature r e a c t i o n 

was found i n B females. The conclusions d e t a i l e d above are that the 

f i e l d d i f f e r e n c e s i n respect of myiasis are due at l e a s t p a r t l y to d i f ­

ferences i n the whole p a t t e r n of W. i n v o l v i n g both F S X P O , Thus the 

f i e l d populations d i f f e r i n t h i s respect by inherent and complicated 

behaviour p a t t e r n s , i f the l a b o r a t o r y c u l t u r e s can be accepted as 

reasonably r e p r e s e n t a t i v e of the whole populations of t h e i r respective 

c o u n t i r e s . 

However, I would accept the conclusion of Cragg (1950b), who s t a t e d 

t h a t these s t r a i n s cannot be r i g i d l y ranked as 'myiasis producers' and 

'non myiasis producers' because of the r e s u l t s of h i s f i e l d work i n 

Denmark. Cragg (1950b) recorded t h a t , under n a t u r a l c o n d i t i o n s , there 

i s v i r t u a l l y no myiasis i n Denmark, but showed that L u c i l i a s e r i c a t a 
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there would o v i p o s i t on sheep which c a r r i e d pads of indole and 
ammonium carbonate; thus Danish L u c i l i a s e r i c a t a w i l l o v i p o s i t 
on sheep which have been rendered p a r t i c u l a r l y a t t r a c t i v e . 

While accepting h i s conclusion, the other main reason put forward 

i n support of i t i s no longer tenable. Cragg suggested t h a t the 

range of inherent i n d i v i d u a l d i f f e r e n c e s w i t h i n the A u s t r a l i a n , 

B r i t i s h and Danish populations which he tested was so great t h a t 

these s t r a i n s were not completely separate w i t h regard to t h e i r wool 

r e a c t i o n s . My samples, of a l l stocks, showed considerable d i f f e r e n c e s 

between i n d i v i d u a l s of the same stock a t any given age i n the measure 

obtained of t h e i r wool r e a c t i o n s . Some of these d i f f e r e n c e s might 

w e l l have been due to r e a l , inherent i n d i v i d u a l v a r i a t i o n . But the 

choice chamber method used by Cragg and Cole and f o r the present work 

appears not to have been s u f f i c i e n t l y accurate to show the r e a l size of 

inherent d i f f e r e n c e s w i t h i n stocks; t h i s i s considered i n d e t a i l i n 

a la t o r section of the present work, which deals w i t h v a r i a t i o n . I t 

seems l i k e l y t h a t much of the range of d i f f e r e n c e s recorded was due to 

inaccuracies inherent i n the method of scoring r&ther than t o r e a l 

i n d i v i d u a l d i f f e r e n c e s inherent w i t h i n the stocks s t u d i e d . 

Although the s t r a i n s cannot be d i v i d e d i n t o complete producers and 

complete non producers of myiasis, the inherent d i f f e r e n c e s between 

them are enough to j u s t i f y some d i v i s i o n . Probably the best d i s ­

t i n c t i o n i s between e f f i c i e n t and non e f f i c i e n t myiasis producers. 

I t seems l i k e l y that the importance of a high wool r e a c t i o n i n 
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mature females i s that i t helps to keep these f l i e s i n the v i c i n i t y 

of sheep. I f any of these sheep then becomes a t t r a c t i v e , mature 

females are immediately a v a i l a b l e t o take advantage of the s i t u a t i o n , 

by o v i p o s i t i o n . Thus s t r a i n s w i t h a high mature wool r e a c t i o n are more 

l i k e l y to be present to s t r i k e a t t r a c t i v e sheep than are s t r a i n s w i t h 

a low mature r e a c t i o n . 

This i s an e f f i c i e n t mechanism i n that a high l e v e l of W at 

ma t u r i t y does not debar females from l a y i n g on c a r r i o n , although i t 

does suggest t h a t they w i l l be prepared to l ay on a t t r a c t i v e sheep i f 

these are a v a i l a b l e , a f a c t o r which would again tend to hold the popu­

l a t i o n i n the v i c i n i t y of sheep. I f sheep were absent from the range 

of the females, then the high mature r e a c t i o n to sheep would not be a 

disadvantage unless i t replaced the r e a c t i o n to c a r r i o n , w h i l e i t would 

be an advantage i f sheep were present. Thus a s i t u a t i o n i n which the 

reactions to meat and sheep ?re co e x i s t e n t and balanced could only be 

advantageous to the f l i e s . 

An i n t e r e s t i n g p o i n t here i s that Cragg and Cole found t h a t f l i e s 

from London d i d not d i f f e r s i g n i f i c a n t l y from f l i e s taken from country 

i n which sheep were kept; they only tested the mature wool r e a c t i o n of 

the females. I f t h i s i s so, then e i t h e r the high mature l e v e l of W 

c a r r i e s no s e l e c t i v e disadvantage when sheep are absent, or there i s a 

considerable gene flow between London and country populations. D i f ­

ferences between town and country populations, or r a t h e r between popu­

l a t i o n s from country i n which sheep are present and those from areas i n 

which sheep are absent, would c e r t a i n l y seem to be more l i k e l y i n 
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B r i t a i n , where L u c i l i a s e r i c a t a causes myiasis, than i n Denmark or 

A u s t r a l i a , where t h i s species i s not a primary sheep s t r i k e r . 

I t would be of value to compare more s t r a i n s of t h i s species, 

f o r example from town and country d i s t r i c t s of B r i t a i n , and from 

America, where the species i s not involved i n myiasis. I t would also 

be i n t e r e s t i n g to compare other species of b l o w f l i e s , i n c l u d i n g f l i e s 

associated w i t h myiasis and those which are not. This range of com­

parisons would make i t easier to decide the importance of the wool 

r e a c t i o n as a f a c t o r i n myiasis. 

The present work has provided some i n f o r m a t i o n on the b i o l o g i c a l 

problem of myiasis, and has confirmed t h a t there i s some connection 

between myiasis and the wool r e a c t i o n . However, t h i s work i s c l e a r l y 

f a r from complete; the i n t e r p r e t a t i o n of these r e s u l t s requires that 

assumptions be mado which could w i t h value be checked by f u r t h e r work, 

and raises i n t h i s way a series of fr e s h problems. There can be no 

doubt of the scope f o r f u r t h e r work on t h i s complex b i o l o g i c a l problem. 
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PART I I . GENETIC STUDIES 

1. INTRODUCTION 

Genetic studies of behaviour i n a v a r i e t y of animals c a r r i e d out 

by a number of workers were described i n the General I n t r o d u c t i o n , 

and i t was c l e a r t h a t there were a number of requirements to be met 

before a Mendelian analysis was l i k e l y to be very p r o f i t a b l e . The 

behaviour i n question should have been c l o s e l y studied; the behavioural 

u n i t chosen f o r the genetic a n a l y s i s should be a s i n g l e f a c t o r r a t h e r 

than a complex of behaviour f a c t o r s ; and an accurate measure of t h i s 

behaviour should be a v a i l a b l e . 

The present work was s t a r t e d as a genetic analysis of o l f a c t o r y 

d i f f e r e n c e s i n L u c i l i a s e r i c a t a . but i t soon became obvious t h a t a 

good deal of work was needed on the behaviour per se before the 

genetic a n a l y s i s could be attempted. The wool r e a c t i o n was found to 

be more complex than had been assumed, and i t had to be studied i n some 

d e t a i l . Because of the time which t h i s took up, very l i t t l e time was 

l e f t f o r the genetic a n a l y s i s , which became i n f a c t only a part of the 

study. Even now the wool r e a c t i o n i s by no means f u l l y understood, 

and even less i s known of the other two characters s t u d i e d , preening 

and f l i g h t i n the choice chamber. 

However, d i f f e r e n c e s between A, B and D were es t a b l i s h e d f o r W a t 

dO, and f o r W, P and F at dlO. (See Figs. 8, 9, 10, 12 and 14). The 

f i e l d s i g n i f i c a n c e of these characters has been considered at some 

l e n g t h / 



107. 

l e n g t h , p a r t i c u l a r l y that of W. A genetic study i s of more i n t e r e s t 
i f the character concerned i s of some known f i e l d importance. But to be 
of value f o r a genetic study, i t must be possible f o r the operator to 
separate the components of the behaviour s t u d i e d , and to separate i n 
terms of t h i s behaviour the stocks s t u d i e d . 

Of the characters studied i n L u c i l i a s e r i c a t a . the one f o r which 

two stocks were most widely separated was the emergence wool r e a c t i o n 

i n A and B. Preenings, f l i g h t s and the mature wool re a c t i o n s were more 

s i m i l a r i n the stocks, and the former two were suspected of being a 

measure compounded of a number of separate responses t o d i f f e r e n t s t i m u l i . 

The emergence wool r e a c t i o n was a preference, and was po s s i b l y a r e l a t ­

i v e l y simple character i n terms of i t s behavioural components. The 

e c o l o g i c a l and behavioural s i g n i f i c a n c e of t h i s character are not y e t 

w e l l understood, but i t was c l e a r l y the most s u i t a b l e of the characters 

studied f o r a genetic analysis,. 

There was u n f o r t u n a t e l y the unexplored p o s s i b i l i t y that the d i f f e r e n t 

s t r a i n s might be r e a c t i n g to d i f f e r e n t o l f a c t o r y s t i m u l i produced by the 

wool, and there was no chance to study t h i s p o s s i b i l i t y . What i s im­

port a n t here i s not the p o s s i b i l i t y t h a t the r e a c t i o n was of d i f f e r e n t 

e c o l o g i c a l s i g n i f i c a n c e to the two s t r a i n s , but the untested assumption 

t h a t the r e a c t i o n had the same genetic basis i n the two s t r a i n s con­

sidered. 

A f u r t h e r f a c t o r was the accuracy of the measurement of the r e a c t i o n . 

A c a r e f u l c o n s i d e r a t i o n of t h i s , d e a l t w i t h i n d e t a i l i n the next 
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s e c t i o n , s u ggests t h a t t h i s measurement was n o t v e r y a c c u r a t e . I t 

i s p o s s i b l e t h a t a s m a l l e r c h o i c e chamber, o r one o f a d i f f e r e n t shape, 

w i g h t have g i v e n a more a c c u r a t e measurement of the r e a c t i o n , but 

t h e r e was n o t t i m e t o e x p l o r e t h i s p o s s i b i l i t y . A l t h o u g h the measure 

v/as u n d o u b t e d l y a coarse one, i t was t h e b e s t f i v a i l a b l e a t t h e t i m e . 

I n terms of a c c u r a c y , the time o f emergence v/as p r o b a b l y t h e b e s t t i m e 

a t w h i c h t o measure t h e wool r e a c t i o n , s i n c e t h i s r e a c t i o n was uncom­

p l i c a t e d a t t h i s t i m e by t h e f a c t o r s which a f f e c t e d i t a t o t h e r t i m e s 

of t h e l i f e o f the f l y , as d i s c u s s e d i n the n e x t s e c t i o n . 

The p o s s i b i l i t y o f changes i n t h e l a b o r a t o r y s t o c k s d u r i n g t h e 

p e r i o d o f t e s t suggests t h a t t h i s f a c t o r might have i n t r o d u c e d f u r t h e r 

i n a c c u r a c i e s i n t o the r e s u l t s . A l t h o u g h , as d i s c u s s e d i n an e a r l i e r 

s e c t i o n , t h i s was not l i k e l y t o be o f any g r e a t i m p o r t a n c e , the g e n e t i c 

a n a l y s i s was c a r r i e d o u t i n as few g e n e r a t i o n s as p o s s i b l e ; t h i s p r o ­

cedure can be assumed t o have k e p t t o a minimum any e r r o r s due t o t h i s 

unproven f a c t o r . 

The emergence r e a c t i o n does n o t meet a l l the r e q u i r e m e n t s f o r an 

i d e a l g e n e t i c a n a l y s i s of b e h a v i o u r s e t o u t i n the General I n t r o d u c t i o n . 

I n s p i t e o f t h e work c a r r i e d o u t on i t t h i s c h a r a c t e r v/as n o t f u l l y 

u n d e r s t o o d , and t h e r e was a t l e a s t a p o s s i b i l i t y t h a t i t was i n f l u e n c e d 

by s e v e r a l p h y s i o l o g i c a l f a c t o r s . Nor was a h i g h l y a c c u r a t e measure 

a v a i l a b l e . T h i s b e i n g so, even t h e s m a l l g e n e t i c a n a l j i s i s w h i c h was 

c a r r i e d o u t was p r e l i m i n a r y r a t h e r t han d e f i n i t i v e . However, a l t h o u g h 

t h e s i t u a t i o n was n o t i d e a l , t h e c h a r a c t e r chosen f o r t h i s a n a l y s i s was 

the b e s t one a v a i l a b l e i n L u c i l i a s e r i c a t a , and t h e p r e s e n t work has 
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p r o v i d e d the f i r s t i n f o r m a t i o n on the g e n e t i c s i t u a t i o n w i t h r e g a r d 
t o t h e wool r e a c t i o n d i f f e r e n c e s i n b l o w f l i e s . 

A and _B have been s t u d i e d i n an a t t e m p t t o assess t h e i r i n h e r e n t , 

g e n e t i c a l l y c o n t r o l l e d v a r i a b i l i t y , find t h e i r h y b r i d g e n e r a t i o n s 

and £2 have been s t u d i e d i n an a t t e m p t t o o b t a i n some i n f o r m a t i o n 

on the g e n e t i c b a s i s of '£ a t dO. The f l i e s used f o r the g e n e t i c a l 

s t u d i e s were t h e o r i g i n a l s t o c k o f A, and t h e h i g h l y i n b r e d , l a t e r , 

s t o c k o f B. 
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2. VARIETIES WITHIN THE STOCKS IN THE INNATE LEVEL OF W. 

I t i s p o s t u l a t e d here t h a t each f l y t e s t e d i n t h e c h o i c e chamber 

had an i n n a t e l e v e l o f r e a c t i o n t o w o o l , the s i z e of t h i s r e a c t i o n a t 

any g i v e n age b e i n g governed by a number o f f a c t o r s which w i l l be d i s ­

cussed. The r e a c t i o n measured f o r the f l y , W, was an e s t i m a t e o f 

t h i s i n n a t e r e a c t i o n , which w i l l be termed " x " . 

I t was n o t i c e a b l e t h r o u g h o u t t h i s work t h a t t h e r e was a c o n s i d e r a b l e 

range o f d i f f e r e n c e s between f l i e s o f the same s t o c k a t any g i v e n age 

f o r t h e r e c o r d e d l e v e l of W; f o r examples o f t h i s , see F i g s . 9 f 10 and 

16. I t would be o f c o n s i d e r a b l e i n t e r e s t t o compare d i f f e r e n t s t o c k s , 

p a r t i c u l a r l y t h e p a r e n t and h y b r i d g e n e r a t i o n s o f A and B, f o r the amount 

of i n h e r e n t , g e n e t i c a l l y c o n t r o l l e d v a r i a b i l i t y p r e s e n t . Since was 

an e s t i m a t e o f x f o r each f l y , t h e v a r i a t i o n i n u cannot be ac c e p t e d as 

r e p r e s e n t i n g the t r u e v a r i a t i o n i n x, however, An a t t e m p t was made t o 

sep a r a t e t h e t r u e v a r i a t i o n i n x from the measured v a r i a t i o n i n W, and 

t h i s p r o cedure made i t p o s s i b l e t o assess t h e accuracy o f t h e c h o i c e 

chamber method o f measuring o l f a c t o r y r e a c t i o n s . 

F i r s t t he f a c t o r ? which govern the s i z e o f x f o r any s i n g l e f l y 

a t a g i v e n age must be c o n s i d e r e d . These f a c t o r s a r e : -

1. The e x t e n t t o w h i c h the f l y can p e r c e i v e t h e o l f a c t o r y s t i m u l u s . The 

o l f a c t o r y powers o f the f l y c o u l d be under some g e n e t i c c o n t r o l : t h e y 

c o u l d a l s o be a f f e c t e d f o r example by a c c i d e n t a l damage t o the nervous 

system, and m i g h t w e l l change w i t h age. 

2. The/ 
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2. The r e a c t i o n made by the f l y t o the s t i m u l u s i t r e c e i v e s . T h i s 

i n t u r n c o u l d be c o n t r o l l e d by a number o f f a c t o r s : -

a. Sex, D i f f e r e n c e s between the sexes have been d e m o n s t r a t e d , 

a l t h o u g h t h e r e were p r o b a b l y no t r u e sex d i f f e r e n c e s i n t h e 

emergence r e a c t i o n . 

b. Age. I t has been shown c o n c l u s i v e l y t h a t the wool r e a c t i o n 

changed w i t h age, and these changes were presumably governed by 

changes i n t h e o v e r a l l p h y s i o l o g i c a l c o n d i t i o n , o r p h y s i o l o g i c a l 

age. At any g i v e n moment the s i z e o f x. would be a f f e c t e d by 

the p h y s i o l o g i c a l age. 

c. Sexual m a t u r i t y . The wool r e a c t i o n s o f A and B females were 

shown to change markedly a t about the t i m e o f o v i p o s i t i o n , so 

s e x u a l m a t u r i t y a f f e c t e d the wool r e a c t i o n , a t l e a s t i n those 

f emales. 

d. P r e v i o u s e x p e r i e n c e might p o s s i b l y a f f e c t the s i z e o f the wool 

r e a c t i o n . 

e. Chance might p l a y e. p a r t i n i n f l u e n c i n g the wool r e a c t i o n , as 

f o r example by b e t t e r o r worse f e e d i n g due t o the chance o f 

f i n d i n g more o r l e s s f o o d , even i n a c u l t u r e cage. 

These f a c t o r s can be assumed t o a f f e c t the t r u e , i n n a t e r e a c t i o n o f 

the f l y t o wool a t any g i v e n moment, g o v e r n i n g t h e s i z e o f x. O t h e r 

f a c t o r s would presumably govern the a c c u r a c y o f W as an e s t i m a t e o f x. 

These a r e : -

1. The accuracy o f my measurement o f the movements o f the f l y . The 
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mechanics o f t h i s measurement were v e r y s i m p l e , and e r r o r s due 

t o t h i s source can be assumed t o have been s m a l l t h r o u g h o u t . 

The a c c u r a c y o f the "measurement" made by t h e f l y . T h i s "measurement" 

was made by t h e movements o f the f l y w i t h i n t he c h o i c e chamber, by 

which the f l y sampled time on b o t h s i d e s o f the c e n t r e l i n e . E r r o r s 

due t o the f l y c o u l d have a r i s e n f r o m s e v e r a l s o u r c e s : -

a. The amount o f a c t i v e movement about the arena. An a c t i v e f l y , 

by t a k i n g a l a r g e number o f s m a l l samples o f time f r o m t h e two 

s i d e s o f t h e a r e n a , would presumably have made a more a c c u r a t e 

" e s t i m a t e " than an i n a c t i v e f l y t a k i n g a s m a l l number o f l a r g e 

samples. 

b. The number o f f l i g h t s . F l y i n g i n c r e a s e d the speed w i t h w h i c h 

t h e f l y moved about t h e ar e n a , and so might i n c r e a s e the accur a c y 

o f the s a m p l i n g p r o c e s s . But the d i r e c t i o n o f f l i g h t o f t e n ap­

peared t o be independent o f the o l f a c t o r y g r a d i e n t , s o f l y i n g m i g h t 

decrease t h e accura c y of t h e s a m p l i n g . 

c. Number o f p r e e n i n g s . T h i s a c t i v i t y appeared t o t a k e p l a c e 

w i t h o u t r e f e r e n c e t o the p o s i t i o n o f the f l y i n the o l f a c t o r y 

g r a d i e n t , and so c o u l d i n c r e a s e t h e e r r o r o f s a m p l i n g , b o t h by 

t a k i n g up t e s t i n g t i m e and by e x t e n d i n g t h e t i m e spent i n one 

p l a c e . A l s o i n t e r r u p t i o n o f p r e e n i n g caused the f l y t o move 

r a p i d l y , o f t e n by f l y i n g , i n a d i r e c t i o n w h i c h seemed t o be i n ­

dependent o f the o l f a c t o r y g r a d i e n t . 

d. Since the f l y was e f f e c t i v e l y s a m p l i n g t i m e , s t a t i s t i c a l s a m p l i n g 

e r r o r s a r e t o be e x p e c t e d . These would be a f f e c t e d by t h e t o t a l 
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d u r a t i o n o f the t e s t , but t h i s was k e p t c o n s t a n t e x c e p t f o r a s m a l l 
number of f l i e s used f o r a v a r i a n c e a n a l y s i s , d e s c r i b e d l a t e r i n t h i s 
s e c t i o n . 

These c o n s i d e r a t i o n s show, f i r s t , t h e c o m p l e x i t y o f the mechanism 

whic h c o u l d d e t e r m i n e t h e s i z e of JC f o r any f l y , and second, a number 

o f sources o f e r r o r , none o f them a d e q u a t e l y measurable, which c o u l d 

a f f e c t t he a c c u r a c y o f W as an e s t i m a t e o f x. I f i t were p o s s i b l e t o 

make s i m u l t a n e o u s l y a l a r g e number of r e a d i n g s of W f o r t h e same f l y , 

these would be d i s t r i b u t e d about x, p r o b a b l y i n a normal d i s t r i b u t i o n , 

and a good e s t i m a t e o f x c o u l d be o b t a i n e d . Since t h i s was o b v i o u s l y 

n o t p o s s i b l e , the s i n g l e r e a d i n g o f W had t o serve as an e s t i m a t e o f a 

p o p u l a t i o n o f r e a d i n g s o f unknown v a r i a b i l i t y . 

The d i f f e r e n c e s between i n d i v i d u a l s w i t h i n a sample f o r the l e v e l 

o f W were presumably due t o some c o m b i n a t i o n o f r e a l , i n h e r e n t d i f ­

f e r e n c e s , p r o b a b l y under some measure of g e n e t i c c o n t r o l , and what w i l l 

be termed " e r r o r d i f f e r e n c e s " , An a t t e m p t was made t o s e p a r a t e the 

c o n t r i b u t i o n s f r o m these two s o u r c e s . Given a sample o f f l i e s o f the 

same sex, the f a c t o r s o f v a r i a t i o n can be l i s t e d : -

1. Real d i f f e r e n c e s between i n d i v i d u a l s 

a. D i f f e r e n c e s i n c h r o n o l o g i c a l age. 

Given the same c h r o n o l o g i c a l age, th e n 

b. D i f f e r e n c e s i n o v e r a l l p h y s i o l o g i c a l c o n d i t i o n . T h i s depends on: 

i . c h r o n o l o g i c a l age, and 

i i . t h e r a t e o f p h y s i o l o g i c a l a g e i n g w i t h t i m e , which c o u l d be unde 
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some g e n e t i c c o n t r o l and c o u l d a l s o be a f f e c t e d by 
i i i . c l i m a t i c c o n d i t i o n s * 

c. D i f f e r e n c e s i n the stage o f s e x u a l m a t u r i t y . T h i s depends on:-

i . c h r o n o l o g i c a l age, and 

i i . t h e r a t e o f m a t u r a t i o n w i t h t i m e , w h i c h c o u l d be under some 

g e n e t i c c o n t r o l , as w e l l as 

i i i . e n v i r o n m e n t a l c o n d i t i o n s . Sexual m a t u r i t y was c e r t a i n l y 

a f f e c t e d by d i e t i n A and B f e m a l e s , as females k e p t w i t h o u t 

meat were unable t o mature t h e i r o v a r i e s . 

Given t h e same c o n d i t i o n s o f m a t u r i t y and g e n e r a l p h y s i o l o g i c a l age, 

t h e n : -

d. D i f f e r e n c e s i n x f o r any g i v e n t o t a l p h y s i o l o g i c a l c o n d i t i o n . 

D i f f e r e n c e s between s t o c k s have been shown c o n c l u s i v e l y , and i t 

seems r e a s o n a b l e t o assume d i f f e r e n c e s between i n d i v i d u a l s w i t h i n 

a s t o c k , p r o b a b l y under some g e n e t i c c o n t r o l . 

G i ven t h e same l e v e l o f r e a c t i o n t o a g i v e n p e r c e p t i o n o f s t i m u l u s , 

t h e n 

e. D i f f e r e n c e s i n the a b i l i t y t o p e r c e i v e the o l f a c t o r y s t i m u l u s i n 

the c h o i c e chamber. These d i f f e r e n c e s c o u l d have some g e n e t i c 

b a s i s . 

2. A c c i d e n t a l o r e r r o r d i f f e r e n c e s . 

a. Sampling e r r o r s made by the f l y i n measuring x. These c o u l d 

be i n f l u e n c e d by d i f f e r e n c e s between i n d i v i d u a l s i n : -

i . Amount of g e n e r a l a c t i v i t y , 

i i . Frequency o f f l y i n g , 

i i i . Frequency/ 
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i i i . Frequency o f p r e e n i n g . 

These t h r e e f a c t o r s m i g h t have some g e n e t i c b a s i s . 

b. E r r o r s made by t h e o p e r a t o r i n L i m i n g . 

c. Changes i n t e c h n i q u e between t e s t s . 

For a l l f l i e s , 2b and 2c^ s h o u l d be v e r y s m a l l , and can r e a s o n a b l y 

be i g n o r e d . For f l i e s o f c a r e f u l l y s t a n d a r d i s e d age a t dO, l_a s h o u l d 

be n e g l i g i b l e and, s i n c e i t i s known t h a t development o f the gonads, 

a t l e a s t i n the fe m a l e s , was n o t r a p i d at t h i s t i m e , I x can a l s o be 

i g n o r e d . lb would be at i t s most i m p o r t a n t a t a c h r o n o l o g i c a l age when 

the g e n e r a l p h y s i o l o g i c a l c o n d i t i o n of t h e f l y was c h a n g i n g most r a p i d l y ; 

u n f o r t u n a t e l y dO c o u l d w e l l be such a p e r i o d , and c e r t a i n l y t h e wool 

r e a c t i o n i n A changed r a p i d l y soon a f t e r emergence. 

Even i n a sample o f f l i e s o f c a r e f u l l y s t a n d a r d i s e d c h r o n o l o g i c a l 

age, t h e r e were c l e a r l y s e v e r a l p o s s i b l e sources o f r e a l d i f f e r e n c e , as 

w e l l as 2a, a source of " e r r o r " d i f f e r e n c e . Comparison nf t h e t o t a l 

v a r i a b i l i t y o f d i f f e r e n t s t o c k s would be o f L i t t l e i n t e r e s t , s i n c e the 

r e l a t i v e p r o p o r t i o n s o f r e a l and e r r o r v a r i a b i l i t y c o u l d n o t be assumed 

to be the same. I t was necessary t o se p a r a t e the v a r i a b i l i t y i n t o these 

two main k i n d s , and dO seemed the best age a t Avhich to a t t e m p t th is sep­

a r a t i o n . No a t t e m p t was made to d i v i d e the v a r i a b i l i t y f u r t h e r t h a n 

between the r e a l and e r r o r s o u r c e s . 

One o f the stocks used f o r t h i s a n a l y s i s was a h i g h l y i n b r e d s t o c k 

o f B, the o t h e r t h e same s t o c k o f A w h i c h was used t h r o u g h o u t t h i s s t u d y . 

An a t t e m p t had been made t o a v o i d i n b r e e d i n g i n the l a t t e r , but i t can­

n o t be assumed t h a t no i n b r e e d i n g had o c c u r r e d . Doth s t o c k s were 

v i g o r o u s and f e r t i l e , and appeared t o be f i t . 

The/ 
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The a t t e m p t t o s e p a r a t e the r e a l f r o m t h e e r r o r v a r i a b i l i t y 

was made by u s i n g a v a r i a n c e a n a l y s i s method. 1C females and 10 

males o f b o t h £ and 13 were t e s t e d , each f l y b e i n g g i v e n f o u r i m m e d i a t e l y 

c o n s e c u t i v e t e s t s of 5 minutes per t e s t a t dO, the age o f a l l f l i e s 

b e i n g s t a n d a r d i s e d &s f a r as p o p s i b l e . I f the f o u r c o n s e c u t i v e t e s t s 

are a c c e p t e d as e q u i v a l e n t t o f o u r s i m u l t a n e o u s t e s t s f o r each f l y , 

t h en the " w i t h i n f l y " v a r i a n c e can be compared w i t h the "between f l y " 

v a r i a n c e , t h e r e b e i n g f o u r " w i t h i n f l y " and t e n "between f l y " c l a s s e s 

f o r each sex o f each s t o c k . 

The r e s u l t s were a n a l y s e d f o r any evide n c e o f change i n the r e a c t i o n s 

f o r a f l y o v e r t h e t w e n t y minute t o t a l p e r i o d o f t e s t . The s e r i e s o f 

f i r s t t e s t s were t r e a t e d as one sample and compared w i t h t he s e r i e s of 

l a s t t e s t s ; any d i f f e r e n c e between these two samples would i n d i c a t e 

t h a t the wool r e a c t i o n s of the f l i e r , had changed d u r i n g L h i s p e r i o d . 

No s i g n i f i c a n t d i f f e r e n c e s were f o u n d by the ' t ' t e s t , <*n i t ng« 

cssumed t h a t the f l i e s had n o t changer!, rind the d i r e c t v a r i a n c e a n a l y s i s 

was c a r r i e d o u t . 

One o f t h e reasons f o r d i f f e r e n c e s w i t h i n a sample i n i n d i v i d u a l , 

s i n g l e r e a d i n g s f o r jV was b e l i e v e d t o be s a m p l i n g e r r o r s made by t h e 

f l y i n i t s e s t i m a t i o n o f x. I t i s v e r y l i k e l y t h a t r e d u c t i o n o f t h e 

t e s t t i m e f r o m t e n t o f i v e m i n u t e s would i n c r e a s e these e r r o r s . However, 

t h i s f a c t o r was o f l i t t l e i m p o r t a n c e i n t h i s a n a l y s i s s i n c e t he "between 

f l y " v a r i a n c e c o u l d be used t o e l i m i n a t e t h i s s a m p l i n g e r r o r . To f i n d 

the v a r i a n c e c o n t r i b u t e d by " r e a l " d i f f e r e n c e s between the f l i e s t e s t e d , 

the s i t u a t i o n f i t t e d a v a r i a n c e model w i t h f i x e d e f f e c t s . I n t h i s case, 
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i f S~ i s the " w i t h i n f l y " . S the vcr-iarice due t o " r e a l " d i f f e r e n c e s , e r 
Sj^ i s the "between f l y " v t i r i a n c e , r the number o f f l i e s , and c the 

') r) ° 
number o f t e s t s p er f l v , t h e n S = ( c - l ) ( S ^ - S ~ ) 

r b e 

r c 

T h i s e s t i m a t e o f the i n h e r e n t v a r i a b i l i t y w o u l d seem t o be a good 

one f o r a p o p u l a t i o n i n whi c h the v a r i a n c e i s n o t a f f e c t e d by ony 

e x t r a n e o u s s t a t i s t i c a l c o n s i d e r a t i o n s . U n f o r t u n a t e l y , such c o n s i d e r ­

a t i o n s d i d a p p l y i n t h i s case. 

As was d i s c u s s e d e a r l i e r , the mean v a l u e f o r a non i n b r e d s t o c k 

of B_ was about 130, and the range o f r e a d i n g s r e g i s t e r e d was f r o m 

about 10 t o 200. These r e s u l t s d i d not approach t h e maximum measur­

a b l e , which was 300, and t h e f r e q u e n c y d i s t r i b u t i o n f o r J3 was s y m m e t r i c a l . 

The mean f o r A, however, was about 2/i-C, and the range from about 120 t o 

30C; i n t h i s case the f r e q u e n c y d i s t r i b u t i o n was t r u n c a t e d . T h i s sug­

g e s t s t h a t t he range o f r e s u l t s r e c o r d e d f o r A, t h e i r f r e q u e n c y d i s ­

t r i b u t i o n , and presumably t h e i r v a r i a n c e , were a f f e c t e d by t h e l i m i t t o 

which r e a c t i o n was measurable. That i s t o say, had i t been p o s s i b l e 

t o r e g i s t e r a g r e a t e r t h a n 300, some f l i c s o f A would have reached 

t h i s v a l u e . 

B e f o r e comparing t h e v a r i a n c e s , i t would be necessary t o compare 

A and B f o r skewness and k u r t o s i s . The most c o n v e n i e n t method o f 

d o i n g t h i s would be t o compare b o t h A and B w i t h a normal d i s t r i b u t i o n . 

The i n d i c e s t o be used f o r these comparisons were:-

Skewness/ 
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Skewness 

p . = [ g ( x - x ) ^ j ^ ( e x p e c t e d v a l u e f o r normal = 0) w i t h S . l i . '6 
N o-

K u r t o s i s 

B 9 = ^ ( x - x ) ^ ( e x p e c t e d v a l u e f o r normal = 3) w i t h S.E. ,• 24 
M a"4 ' N 

For b o t h these c h a r a c t e r s , t h e d i s t r i b u t i o n c o u l d be ac c e p t e d as 

f i t t i n g a normal d i s t r i b u t i o n i f Lhe v a l u e f o r t h e curve was w i t h i n 

+ 2 S.E. o f the normal v a l u e . 

Samples o f 100 a t dO showed t h a t 13 f i t t e d a normal d i s t r i b u t i o n , 

w h i l e A proved t o be s i g n i f i c a n t l y skewed. Ad j u s t m e n t f o r the e f f e c t s 

o f Skewness ( and K u r t o s i s ) on the v a r i a n c e would be n e c e s s a r y b e f o r e t h e 

v a r i a n c e s c o u l d be compared. 

H a v i n g o b t a i n e d the best p o s s i b l e e s t i m a t e s of the " e r r o r " and 

" r e a l " sources o f v a r i a b i l i t y , and h a v i n g o b t a i n e d these s e p n r p t e l 

f o r t he s t o c k s w h i c h were t o be compared, the n e x t o p e r a t i o n would be 

to compare these s t o c k s , and t h e problems r a i s e d by such comparisons w i l l 

now be c o n s i d e r e d . 

The n e x t d i f f i c u l t y i s t h a t the v a r i a n c e of a sample may be a f f e c t e d 

by t h e sample mean, and the p o p u l a t i o n s t o be compared had w i d e l y d i f ­

f e r e n t mean v a l u e s . For a number o f q u a n t i t i e s l i k e £, the mean i s m 

and t h e s t a n d a r d d e v i a t i o n i s s, the v a r i a n c e b e i n g s~. i t can e a s i l y 

be shown t h a t , f o r a s i m i l a r number of q u a n t i t i e s l i k e q + a, the mean 
2 

i s ro + a. and t h e v a r i a n c e i s s t i l l s . For a s i m i l a r number o f 
2 2 

q u a n t i t i e s acj however, the mean i s am and the v a r i a n c e i s a s . 
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I t has been shown t h a t t he p o p u l a t i o n s t o be compared i n t h i s 

work d i f f e r e d i n t h e i r mean v a l u e s ; b e f o r e comparing v a r i a n c e s , i t 

would be necessary t o f i n d w h e t h e r o r n o t these v a r i a n c e s were a f f e c t e d 

by the d i f f e r e n c e s between t h e means, and t o c o r r e c t the v a r i a n c e s 

f o r such e f f e c t s i f necessary. 

There was no d i r e c t i n f o r m a t i o n a v a i l a b l e f r o m my da t a f o r 

e s t a b l i s h i n g t h e r e l a t i o n s h i p between the means and v a r i a n c e s ; so, 

as was u s u a l i n t h i s work, an i n d i r e c t method had t o be used. I f the 

r e l a t i o n s h i p between mean and v a r i a n c e c o u l d be e s t a b l i s h e d s e p a r a t e l y 

f o r each s t o c k , then the v a r i a n c e s f o r a l l s t o c k s c o u l d be s c a l e d t o 

f i t a common mean, ivhich c o u l d be a r b i t r a r i l y chosen a t a c o n v e n i e n t 

v a l u e such as 0 o r 100. The v a r i a n c e s a p p r o p r i a t e t o t h i s common 

'mean' c o u l d t h e n be compared d i r e c t l y . 

The p r o b l e m , t h e n , was t o f i n d t h e r e l a t i o n s h i p , i f any, between 

mean and v a r i a n c e i n each p o p u l a t i o n to he r.oi!in?>rpds To do t h i S j 

t he v a r i a n c e s f o r d i f f e r e n t n>eans w i t h i n a s t o c k c o u l d be compared. 

I f , f o r any s t o c k , d i f f e r e n t samples f o r the same age gave d i f f e r e n t 

means, then the samples c o u l d c l e a r l y n o t be r e g a r d e d as comparable. 

Hence i t would be necessary t o compare samples f o r d i f f e r e n t ages, 

p r e f e r a b l y o f t h e same f l i e s . T h i s c l e a r l y i n t r o d u c e d a n o t h e r s e t o f 

d i f f i c u l t i e s . 

The f a c t o r s w h i c h c o n t r i b u t e d t o the r e a l d i f f e r e n c e s between 

f l i e s w i t h i n a p o p u l a t i o n have been c o n s i d e r e d i n d e t a i l e a r l i e r , 

but t h e y w i l l be r e p e a t e d here t o f a c i l i t a t e t h e i r c o n s i d e r a t i o n i n 

t h i s / 



120. 

t h i s c o n t e x t . They e.re:-

c. D i f f e r e n c e s i n rge o r gencrr-i p h y s i o l o g i c a l c o n d i t i o n . 

'u. Gene t i c c - I l y d e t e r m i n e d e f f e c t o f :i on x. 

o. d i f f e r e n c e s i n l e v e l o f m a t u r i t y . 

d. G e n e t i c a l l y d e t e r m i n e d e f f e c t o f £ on 

•o. L ' i r f i i r e n c e i i i n l u v e l o f x f o r any g i v e n c o m b i n a t i o n o f these 

f a r - t o r s ; p r o b a b l y g e n e t i c a l l y tie terminer 1!. 

g. D i f f e r e n c e s i n the a b i l i t y t o measure x, presumably el. l e a s t 

p o r t l y d e t e r m i n e d g e n e t i c a l l y . 

I n c o n s i d e r i n g the v a r i a n c e a t dO, i t was p o s s i b l e t o d i s c o u n t 

f a c t o r s a_. to d. ; f o r any o t h e r age, n l J s i x f a c t o r s must be con­

s i d e r e d , r,s each would presumably c o n t r i b u t e something t o the v a r ­

i a b i l i t y of iMCf'Sureiiientf 5 r»ade w i t h i n - p o p " l : - t i o n . To t h i s l i s t 

r:u..-t be adr'ed Jr. i h i c c o n t e n t u i o t h i t - f i c l o r , 

h. p o s s i b l e e f f e c t o f i he 'UPPH on t h e vo.ri~.oce, when p o n u l ' t.ion? o f 

d i f f e r e n t mem' v i i l u e s t i r e t o be con'pared. 

I f ; s l l these f a c t o r s c o n t r i b u t e - ! t o t h e v a r i a n c e , then i n t h i s 

r e s p e c t the fuel:orb were r e l a t e d . I f t h i s r e l a t i o n s h i p was a d d i t i v e 

and l i n e a r , t h e n the v a r i a n c e can be expressed ns:-

v = r ( a ) + r n ( b ) + f (cO + r.(d) + r_( cJ + r , ( g ) ••• f-(h). 

Of t h e s e , o n l y the l a s t f a c t o r was r e q u i r e d . An added p r o b l e m was 

t h a t t h i s r e l a t i o n s h i p c o u l d n o t be assumed t o be the same a t a l l ages: 

f o r example the amount of a c t i v i t y o f the f l y i s l.nown from o b s e r v a t i o n 

t o change i n i n d i v i d u a l s w i t h age, n o t n e c e s s a r i l y i n F l i n e a r wr.y. 
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T h i s b e i n g so, i t i s h a r d l y s u r p r i s i n g t h a t p l o t t i n g t o t a l v a r i a n c e and 

t o t a l s t a n d a r d d e v i a t i o n a g a i n s t mean and time f o r \V a t d i f f e r e n t ages 

i n a number o f s t o c k s showed no o b v i o u s r e l a t i o n s h i p s . 

To make t h e r e q u i r e d comparisons, t h e n , a t t e n t i o n must be r e s t r i c t e d 

t o the sources o f r e a l d i f f e r e n c e between i n d i v i d u a l s o f the same s t o c k , 

s i n c e the e r r o r d i f f e r e n c e s , which presumably w i l l a l s o change w i t h 

t i m e , add f u r t h e r c o m p l i c a t i o n s . Thus t h e v a r i a n c e a n a l y s i s method, 

w h i c h i n v o l v e s r e p e a t e d s a m p l i n g , would be necessary a t each age. 

The methods a v a i l a b l e gave no way o f a l l o t t i n g v a l u e s o f a b s o l u t e 

s i z e t o t h e f a c t o r s i n v o l v e d i n the v a r i a b i l i t y due t o r e a l d i f f e r e n c e s , 

so t h e r e was no o b j e c t i v e method whereby these f a c t o r s c o u l d be e l i m ­

i n a t e d . Since dO i s the age f o r w h i c h the comparison was r e q u i r e d , 

t h i s age had to be i n c l u d e d i n the s e r i e s o f t e s t s aimed a t e l i m i n a t i n g 

a l l but the g e n e t i c a l l y c o n t r o l l e d d i f f e r e n c e s . The a p p r o p r i a t e t e s t s 

were a t dO and d i . 

Between dO and d l t he o v a r i e s a r e known n o t t o be d e v e l o p i n g r a p i d l y 

as has been mentioned above; p r o b a b l y f a c t o r s c. and d.would be o f l i t t l e 

i m p ortance h e r e . Since t h e mean changes v e r y c o n s i d e r a b l y d u r i n g t h i s 

t i m e , e s p e c i a l l y i n A, f a c t o r s a and _b c o u l d be o f c o n s i d e r a b l e i m p o r t a n c e . 

Some measure o f f a c t o r s e_ and £ c o u l d be o b t a i n e d f o r each s t o c k a t dO; 

i t w o u l d p r o b a b l y n o t be un r e a s o n a b l e t o use these as e s t i m a t e s o f t h e 

importance o f e_ and £ f o r d l , a l t h o u g h t h i s i s a t best an a p p r o x i m a t i o n . 

Thus t h e r e s u l t s f r o m dO and cU, aimed a t measuring f a c t o r h c o u l d 

be c o m p l i c a t e d c h i e f l y by f a c t o r s £ and b. Since these f a c t o r s c o u l d 

n o t be e l i m i n a t e d , the r e l a t i o n s h i p between v a r i a n c e and mean o b t a i n e d 

f r o m / 
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f r o m t h i s age s e r i e s c o u l d n o t be a c c u r a t e . I f , however, i t i s assumed 

t h a t t he e f f e c t s o f these f a c t o r s d i d n o t v a r y w i d e l y between p o p u l a t i o n s , 

then some i n f o r m a t i o n c o u l d be o b t a i n e d . I f t h e v a r i a n c e c o u l d be r e ­

l a t e d t o t h e sum o f the f a c t o r s a, b and h f o r a l l p o p u l a t i o n s , and i f 

a and b were s i m i l a r i n im p o r t a n c e i n a l l s t o c U s , t h e n a w o r k i n g ap­

p r o x i m a t i o n c o u l d be made t o the comparison o f i n h e r e n t v a r i a t i o n between 

s t o c k s . 

T h i s i s the method which was d e v i s e d f o r s e p a r a t i n g t h e i n h e r e n t 

f r o m the " e r r o r " sources o f v a r i a t i o n i n samples t a k e n f o r ]V a t dO. 

I t was a method based on a number o f assumptions w h i c h c o u l d n o t e a s i l y 

be t e s t e d ; e s t i m a t e s o b t a i n e d t h i s way c o u l d n o t be assumed t o g i v e 

a c c u r a t e measures o f these sources o f v a r i a b i l i t y . But i t d i d suggest 

t h a t a r e a s o n a b l e assessment o f them might be f o u n d . 

When the ne c e s s a r y s a m p l i n g was completed f o r A and B_, i t was found 

t h a t i n no case was t h e r e a s i g n i f i c a n t d i f f e r e n c e between the. " w i t h i n 

f l y " and the "between f l y " v a r i a n c e s : t h e v a r i a n c e r a t i o was n o t s i g ­

n i f i c a n t i n any sample (see Table 1 1 ) . For b o t h A and B, the v a r i a n c e 

r a t i o was b i g g e r a t d l t h a n a t dO; t h i s was t o be e x p e c t e d s i n c e the 

v a r i a b l e r a t e o f decrease o f the emergence r e a c t i o n would i n c r e a s e t h e 

d i f f e r e n c e between f l i e s w i t h i n a sample. For A fema l e s and B males 

a t cU, the v a r i a n c e r a t i o v/as s i g n i f i c a n t l y h i g h . However, the age 

s e l e c t e d f o r t h e comparison was dO, and i n t h e absence o f any s i g n i f i c a n t 

measure of i n h e r e n t v a r i a b i l i t y a t t h i s age, t h e r e was l i t t l e t o be 

g a i n e d by c o n t i n u i n g t h e a n a l y s i s . 

T h i s / 
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T h i s l a c k o f s i g n i f i c a n t d i f f e r e n c e a t dO c o u l d be i n t e r p r e t e d 

as showing t h a t t h e r e was no i n h e r e n t d i f f e r e n c e between i n d i v i d u a l s 
o f t h e same s t o c k . T h i s would i m p l y c i t h e r t h a t the b o t h s t o c k s were 
c o m p l e t e l y homogeneous f o r the genes a f f e c t i n g the emergence wool r e ­
a c t i o n , w h i c h does not seem l i k e l y ; o r t h a t t h i s c h a r a c t e r was not 
c o n t r o l l e d g e n e t i c a l l y , w h i c h d i s a g r e e s w i t h the e v i d e n c e f r o m the o t h e r 
s o u r c e s . A more r e a s o n a b l e i n t e r p r e t a t i o n i s t h a t t h e r e were i n h e r e n t 
d i f f e r e n c e s between i n d i v i d u a l s , but t h e " e r r o r " d i f f e r e n c e s were l a r g e 
enough t o mask them. 

T h i s l a s t i n t e r p r e t a t i o n i m p l i e s t h a t the c h o i c e chamber t e c h n i q u e 

d i d n o t g i v e a v e r y a c c u r a t e measure o f the wool r e a c t i o n s o f an i n ­

d i v i d u a l . Any method o f measuring b e h a v i o u r w h i c h i s open t o a number 

o f unmeasurable i n f l u e n c e s i s h a r d l y l i k e l y to be a c c u r a t e . To t h e 

e r r o r s a l r e a d y l i s t e d must be added a n o t h e r i n the r e s u l t s o b t a i n e d 

f o r the p o p u l a t i o n ; the s t a t i s t i c a l e r r o r i n s a m p l i n g f r o m any popu­

l a t i o n . ; ;'lso where these samples were taken o v e r a number o f g e n e r a t i o n s , 

change i n the s t o c k s would i n c r e a s e the e r r o r , b u t t h i s has been shown 

to be a t most a v e r y minor source o f e r r o r . 

T h i s i s a f o r m i d a b l e l i s t o f sources of v a r i a b i l i t y between i n ­

d i v i d u a l s and e r r o r s i n t h e method, and i t i s c l e a r t h a t d i f f e r e n c e s 

between i n d i v i d u a l s o f t h e same s t o c k i n the r e s u l t s r e c o r d e d f o r any 

age cannot be ac c e p t e d as measures o n l y o f the i n h e r e n t , r e a l i n d i v i d u a l 

d i f f e r e n c e s which a r e assumed t o e x i s t w i t h i n s t o c k s . The a t t e m p t t o 

s e p a r a t e the i n h e r e n t f r o m the non i n h e r e n t sources of v a r i a b i l i t y i n 

the r e s u l t s , f a i l e d , presumably because the " r e a l " d i f f e r e n c e s were 

masked/ 
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Table 11 . A n a l y s i s o f " w i t h i n i l y " and "bet-cer. f l y " v a r i a n c e . 

\'l a t dO w a t d l 

99 up ii 2.01 til? I I 
1 3 .91 

P > .05 p < .01 
A 

SS I I pii = 0.94 lip I I = 1.97 

P > .05 p > .05 

99 up I I — O.96 lip I I = 1.05 

P > .05 p .05 
u 

$3 I I p» - 0.54 llpll = 3 .01 
a. 

P > .05 p < .01 

"Between f l y " degrees of freedom = 9 

" W i t h i n f l y " degrees o f freedom = 3 0 . 

"F" = v a r i a n c e r a t i o . 

F our i m m e d i a t e l y c o n s e c u t i v e t e s t s of wool r e a c t i o n were made w i t h 
10 males and 10 females of A and B at- dO and d l • and the v a r i a n c e 
r a t i o q u o t e d . T h i s has been cjaoted i n each case w i t h t h e 
c o r r e s p o n d i n g l e v e l o f p r o b a b i l i t y . 
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masked by the " e r r o r " d i f f e r e n c e s w i t h i n t h e s t o c k s , w h i c h c o u l d n o t 
be a d e q u a t e l y measured. 

However, c a r e f u l c o n t r o l o f the methods o f c u l t u r i n g and t e s t i n g 

can be ac c e p t e d as h a v i n g k e p t these e r r o r s to a minimum. A l s o , a 

s t a n d a r d e r r o r was f i t t e d t o each mean used, t h i s b e i n g a measure o f 

the t o t a l v a r i a b i l i t y and e r r o r found w i t h i n t he sample, so t h a t i t 

was p o s s i b l e t o compare means w i t h some measure o f c o n f i d e n c e . 

S i m i l a r c o n s i d e r a t i o n s a p p l y t o t h e a c c u r a c y o f the e s t i m a t e s made 

of t he meat r e a c t i o n . The accura c y o f t h e e s t i m a t e s o f p r e e n i n g and 

f l i g h t s have been c o n s i d e r e d s e p a r a t e l y . 

I n s p i t e o f these i n a c c u r a c i e s , r e p e a t a b l e e s t i m a t e s were o b t a i n e d 

o f t he average wool r e a c t i o n s o f the s t o c k s t e s t e d a t d i f f e r e n t ages, 

s u g g e s t i n g t h a t the samples were l a r g e enough t o g i v e u s e f u l i n f o r m a t i o n 

i n s p i t e o f t h e e r r o r s i n h e r e n t i n t h e method. For b o t h the g e n e t i c 

a n a l y s i s and t h e s t u d i e s o f b e h a v i o u r per se, the c h o i c e chamber t e c h ­

n i q u e hn? g i v e n u s e f u l i n f o r m a t i o n , and i t w i J l n o t be easy t o produce 

a more a c c u r a t e method o f measurement o f these o l f a c t o r y r e a c t i o n s . 
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3 . COMPARISON OF PARENT AND HYBRID GENERATIONS OF A AND B. 

A and B were fo u n d t o c r o s s e a s i l y w i t h e i t h e r s t o c k as t h e female 

p a r e n t , and the r e s u l t i n g h y b r i d s were b o t h v i g o r o u s and f e r t i l e . The 

h y b r i d w i t h A as the female p a r e n t w i l l be r e f e r r e d t o as A/B-Fi; the 

r e c i p r o c a l h y b r i d as B/A-Fl. B r e e d i n g w i t h i n these s t o c k s produced 

the c o r r e s p o n d i n g F2 s t o c k s , A/B-F2 and B/A -F2 . 

I t was found t h a t c r o s s i n g c o u l d n o t be br o u g h t about by p u t t i n g 

one male w i t h one f e m a l e , a l t h o u g h t h i s was t r i e d i n t h e s t a n d a r d cages, 

i n s m a l l cages, and i n i n v e r t e d lamp g l a s s e s ; t h e c r o s s e s had t o be 

made by mass m a t i n g s . The t e c h n i q u e f o r t h i s was t o b r i n g a l a r g e 

b a t c h o f pupae o f each s t o c k t o a st a g e o f r a p i d emergence, and t o p u t 

these two batches i n t o s e p a r a t e empty cages. These cages were t h e n 

watched a l m o s t c o n t i n u o u s l y because o f the p o s s i b i l i t y o f m a t i n g 

o c c u r r i n g soon a f t e r emergence. I n t h i s way the newly emerged f l i e s 

were c o l l e c t e d , one t o u c o l l e c t i n g t u b e , as t h e y reached the t o p o f t h e 

peat moss i n the emergence d i s h ; a l l f l i e s used f o r the c r o s s e s were 

t h u s v i r g i n . These f l i e s were i m m e d i a t e l y sexed, u s i n g as i n d i c a t o r s 

th e s p a c i n g o f t h e eyes and t h e c o n f o r m a t i o n o f the t i p o f the abdomen, 

and t he tubes were p l a c e d i n a p p r o p r i a t e l y l a b e l l e d c o n t a i n e r s i n groups 

of about 10 . A f t e r they had hardened these f l i e s were r e - s e x e d so 

t h a t e r r o r s c o u l d be c o r r e c t e d , f l i e s w hich were weak o r d i f f i c u l t t o 

sex b e i n g r e j e c t e d . Cages were t h e n s e t up i n t h e u s u a l way, w i t h t he 

c o m b i n a t i o n s o f f l i e s a p p r o p r i a t e t o the r e q u i r e d c r o s s e s . 

The r e c i p r o c a l F j s were sampled s e p a r a t e l y i n o r d e r t o examine the 

p o s s i b i l i t y / 
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p o s s i b i l i t y o f m a t e r n a l e f f e c t on the i n h e r i t a n c e o f W a t dO; s i m i l a r l y , 
the c o r r e s p o n d i n g F2S were a l s o sampled s e p a r a t e l y . 

100 males and 100 females were t e s t e d f r o m each o f the two F j and 

two P'2 s t o c k s . A n a l y s i s o f these r e s u l t s by t h e a n a l y s i s o f v a r i a n c e 

showed t h a t t h e r e were s i g n i f i c a n t d i f f e r e n c e s between the s m a l l samples 

w i t h i n b o t h t h e F j s t o c k s . The most l i k e l y e x p l a n a t i o n o f these d i f ­

f e r e n c e s was t h a t d i s h e s of pupae o f the p a r e n t s t o c k s had somehow been 

mixed w i t h t h o s e o f the F] s, so these r e s u l t s were d i s c a r d e d and a l l 

the h y b r i d s t o c k s d e s t r o y e d . F u r t h e r s a m p l i n g o f t h e p a r e n t s t o c k s 

showed t h a t t h e se were unchanged, so t h e p a r e n t s t o c k s were r e t a i n e d 

and f r e s h h y b r i d s were made. 

Samples o f 100 males and 100 females o f b o t h A and B were t e s t e d f o r 

W a t dO t o g i v e the p a r e n t a l l e v e l s a g a i n s t which t o compare t h e h y b r i d s . 

Samples o f 50 males and 50 females were ta k e n f r o m A/B-F^ and B/A-Fj t o 

e s t a b l i s h t he F'. l e v e l s , and 50 males and 50 f u i i i a i c s f rom A/B-F2 and 

B/A-F2 f o r the 172 l e v e l s . No s i g n i f i c a n t d i f f e r e n c e s were fo u n d between 

sexes f o r any o f these samples, so the two sexes were combined t o g i v e 

one sample f o r each s t o c k . No s i g n i f i c a n t d i f f e r e n c e s were fo u n d be­

tween A/B-Fi and B/A-Pj, so these were combined t o g i v e one l a r g e sample 

f o r F i . S i m i l a r l y no s i g n i f i c a n t d i f f e r e n c e s were fo u n d between A/B-F2 

and B/A -F2 , so these were a l s o combined. Thus one sample o f 200 was 

a v a i l a b l e f o r W a t dO f o r A, B, F_l and F2 on w h i c h t o base the comparisons 

between p a r e n t and h y b r i d g e n e r a t i o n s , ( see F i g . 16 ), and t h e r e was no 

evidenc e o f any m a t e r n a l e f f e c t . 

I t i s c l e a r t h a t A and B d i f f e r e d c o n s i d e r a b l y i n the mean v a l u e 

f o r / 
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f o r W a t dO, a l t h o u g h t h e i r f r e q u e n c y d i s t r i b u t i o n s d i d o v e r l a p . 

A l s o , the range o f r e s u l t s r e g i s t e r e d w i t h i n these two s t r a i n s was 

c o n s i d e r a b l e , a d i s a d v a n t a g e i n terms o f comparisons w i t h t he h y b r i d 

g e n e r a t i o n s . 

The mean f o r F l was i n t e r m e d i a t e between A and IB, l y i n g a l m o s t 

h a l f w a y between them, and t h e f r e q u e n c y d i s t r i b u t i o n o f the F l o v e r ­

lapped those o f b o t h p a r e n t s t o c k s . There was t h u s no evidence o f 

dominance i n t h e Fl_ r e s u l t s . 

The F2_ g e n e r a t i o n gave r e s u l t s v e r y s i m i l a r i n mean v a l u e t o those 

of the £1, and i t s f r e q u e n c y d i s t r i b u t i o n a g a i n o v e r l a p p e d those o f 

both p a r e n t s , had a g r e a t e r v a r i a n c e than the _F1 o r e i t h e r p a r e n t 

s t o c k (see F i g . .16) t h e Fl_ o r o f e i t h e r p a r e n t . 

There was no t i m e a v a i l a b l e f o r backcrosses t o be made and t e s t e d . 
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/,.. CONCLUSIONS TO TH2 GENETIC STUDIES. 

The r e s u l t s o b t a i n e d f o r the Fl^ and FJ2 g e n e r a t i o n s c o u l d be 

i n t e r p r e t e d i n terms o f m u l t i f a c t o r i a l g e n e t i c c o n t r o l o f U l i t dO, 

w i t h l i t t l e o r no dominance. T h i s would e x p l a i n the c o n t i n u o u s 

v a r i a t i o n i n the r e s u l t s f o r e l l t he s t o c k s ; t he d i s t r i b u t i o n o f 

F l and F2 o v e r l a p p i n g b o t h p a r r m t s ; and the Ir.ck o f o b v i o u s seg­

r e g a t i o n i n the F2. The f l a t t e r d i s t r i b u t i o n o f the £2 c o u l d be ex­

p l a i n e d i n terms o f s e g r e g a t i o n o f t h e s e v e r a l genes c o n t r o l l i n g t he 

r e a c t i o n . 

U n f o r t u n a t e l y , t h i s c o n c l u s i o n cannot be acce p t e d as h a v i n g been 

a d e q u a t e l y s u p p o r t e d by the p r e s e n t work. C o n s i d e r a t i o n of p r e v i o u s 

g e n e t i c s t u d i e s o f b e h a v i o u r hus suggested t h e t such r e s u l t s c o u l d 

be e x p l a i n e d on grounds o t h e r them m u l t i f a c t o r i a l c o n t r o l o f n u n i t 

„i-..- „ i 1 , „ u T 1 - . -. c :. ... i .-,. .: ' i i '. . : • .'!,.! i : . . i i ,.r 

obvious se,ij,iegMtion i n the £2 g e n e r a t i o n , c o u l d be t'ue t o i n a c c u r a t e 

measurement o f the c h a r a c t e r i n i n d i v i d u a l f l i : * s , o r t o a f l e x i b l e 

response l.y t h e f l i e s t o t h e s t i m u l u s , o r t o some c o m b i n a t i o n o f these 

f a c t o r s . P r e v i o u s c o n s i d e r a t i o n s o f accura c y i n the p r e s e n t work 

have shown t h a t t he c h o i c e chamber t e c h n i q u e d i d n o t g i v e v e r y a c c u r a t e 

measurements o f ]v f o r i n d i v i d u a l s . Thus the c o n t i n u o u s v a r i a t i o n i n 

r e s u l t s , p a r t i c u l a r l y i n t h e F2, c o u l d be due t o t h e i n a b i l i t y o f t h e 

te c h n i q u e t o d i f f e r e n t i a t e s h a r p l y between i n d i v i d u a l s ; t h i s w o u l d 

make i t d i f f i c u l t t o d i s t i n g u i s h between s e p a r a t e c l a s s e s , even i f 

these d i d o c c u r . 

The/ 
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The second p o i n t a r i s i n g f r o m the survey o f p r e v i o u s work 
i s t h a t s t u d i e s of a complex o f b e h a v i o u r w i l l i n e v i t a b l y f a i l t o 
show s i n g l e gene c o n t r o l , and a r e u n l i k e l y t o show the number of genes 
i n v o l v e d , s i n c e the u n i t s o f which the b e h a v i o u r complex i s composed 
w i l l have s e p a r a t e and i n t e r a c t i n g g e n e t i c mechanisms. T h i s con­
s i d e r a t i o n c o u l d a p p l y to Yi_ i n L u c i l i a s e r i c a t a . I t has been shown 
t h a t changed markedly w i t h age. A l t h o u g h t h e r e s u l t s f o r a t dO 
were o b t a i n e d as near t o the time o f emergence as was t e c h n i c a l l y 
p o s s i b l e , i t i s l i k e l y t h a t U a t dO was compounded o f the t r u e em­
ergence r e a c t i o n and t h e mechanism f o r the f a l l from t h i s l e v e l , each 
o f which c o u l d w e l l be under some g e n e t i c c o n t r o l . 

Thus the r e s u l t s o b t a i n e d i n t h e p r e s e n t s t u d y are capable o f a t 

l e a s t f o u r i n t e r p r e t a t i o n s . The f i r s t o f these i o t h a t a t dO 

was n u n i t o f b e h a v i o u r c o n t r o l l e d by ;j number o f genes; the second 

i s t h a t t h i s u n i t o f b e h a v i o u r wn? c o n t r o l l e d hv nn? n»!i» !f>c"c, h v t 

t h a t t h e t e c h n i q u e used f o r measurement was n o t s u f f i c i e n t l y a c c u r a t e 

f o r s e g r e g a t i o n s t o be demonstrated; the t h i r d i s t h a t ^ a t dO was a 

b e h a v i o u r complex r a t h e r than a u n i t , c o n t r o l l e d by those s e p a r a t e 

gene mechanisms which c o n t r o l l e d the p a r t s o f the complex; the f o u r t h 

i n t e r p r e t a t i o n i s t h a t the t r u e answer was some c o m b i n a t i o n o f the 

p r e v i o u s p o s s i b i l i t i e s . The p r e s e n t s t u d y gave no way o f d e c i d i n g 

w h i c h o f these p o s s i b i l i t i e s , i f any, was the c o r r e c t s o l u t i o n . 

T h i s adds p o i n t t o much t h a t was s a i d i n the survey o f p r e v i o u s 

s t u d i e s o f b e h a v i o u r g e n e t i c s . A s t u d y l i k e the p r e s e n t one seldom 
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g i v e s c o n c l u s i v e r e s u l t s , and s h o u l d be t r e a t e d as a p r e l i m i n a r y 

r a t h e r t h a n a d e f i n i t i v e s t u d y . B e f o r e the g e n e t i c a n a l y s i s i s 

a t t e m p t e d , an e x h a u s t i v e s t u d y o f the b e h a v i o u r s h o u l d be completed; 

the wool r e a c t i o n i n the p r e s e n t work was s t u d i e d a t some l e n g t h , b u t 

t h i s was a l s o a p r e l i m i n a r y s t u d y , r a i s i n g more problems t h a n i t 

s o l v e d . A l s o , an a c c u r a t e measurement i s necessary f o r these s t u d i e s , 

and the c h o i c e chamber measurement, a l t h o u g h the best a v a i l a b l e , was 

n o t h i g h l y a c c u r a t e . 

I t does seem, however, t h a t V a t dO was under some measure o f 

g e n e t i c c o n t r o l i n L u c i l i a s e r i c a t a . The c o n s i d e r a b l e d i f f e r e n c e s 

between £ and 13 were m a i n t a i n e d w i t h l i t t l e change o v e r a number of 

g e n e r a t i o n s o f l a b o r a t o r y b r e e d i n g , and the wool r e a c t i o n , a t l e a s t 

i n J3, had p r e v i o u s l y been shown by Cragg and Cole t o be r e s i s t a n t to 

c o n d i t i o n i n g . The F_l and F2 g e n e r a t i o n s were s i m i l a r i n mean, and 

b o t h were i n t e r m e d i a t e t o A and B. Thus g e n e t i c c o n t r o l o f t h e wool 

r e a c t i o n does seem a r e a s o n a b l e h y p o t h e s i s . 

The r e s u l t s o b t a i n e d have a l s o shown t h a t t h e r e was no e x t r a 

m a t e r n a l e f f e c t on the o f f s p r i n g , and t h a t t h e r e was no marked dom­

i n a n c e . Thus some g e n e t i c i n f o r m a t i o n has been o b t a i n e d f r o m the 

p r e s e n t work, 

I t seems l i k e l y t h a t f u r t h e r s t u d i e s would be b e t t e r d i r e c t e d 

towards e s t i m a t i n g the r e l a t i v e i m p o r t a n c e o f genotype and e n v i r o n m e n t 

i n d e t e r r i n g the l e v e l o f t h e wool r e a c t i o n , r a t h e r t h a n a t ftiendelian 

a n a l y s i s , a t l e a s t , i n the absence o f a much more a c c u r a t e method o f 
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measuring t h e wool r e a c t i o n s o f i n d i v i d u a l f l i e s . W a t dO i s 

s t i l l the most s u i t a b l e , f o r a g e n e t i c a n a l y s i s , o f the b e h a v i o u r 

s t u d i e d i n b l o w f l i e s , and the c h o i c e chamber t e c h n i q u e , o r some mod­

i f i c a t i o n o f i t , i s s t i l l t h e best method a v a i l a b l e . 



PART I I I . ZVOLUTION OF BEHAVIOUR IN LUCILIA. 

1. INTRODUCTION 

H e r i t a b l e d i f f e r e n c e s i n b e h a v i o u r between s t r a i n s o f a s p e c i e s 

have been e s t a b l i s h e d f o r a number o f a n i m a l s . Denenberg, Ross, 

Sawin and Frommer (1957), and Ross, Denenberg, Frommer and Sawin 

(1959) f o u n d d i f f e r e n c e s i n m a t e r n a l b e h a v i o u r between s t r a i n s of r a b b i t ; 

F o s t e r (1959) showed t h a t two s t r a i n s o f th e deermouse Peromyscus 

d i f f e r e d i n temperament. H e r i t a b l e d i f f e r e n c e s i n b e h a v i o u r have 

a l s o been e s t a b l i s h e d between c l o s e l y r e l a t e d s p e c i e s ; Sakagami 

and A k a h i r a (1960) found d i f f e r e n c e s i n s t i n g i n g b e h a v i o u r between 

Apis cerana cerana and A p i s niel 1 i f e r a ].i.,?ustic.?« These are a few 

examples o f many which c o u l d be r;uoted. 

I t i s g e n e r a l l y accepter! t h a t d i f f e r e n c e s such as these between 

s t r a i n s o r between c l o s e i y r e l a t e d s p e c i e s a r c the r e s u l t o f e v o l u t i o n ; 

t h a t e v o l u t i o n as a process a p p l i e s t o b e h a v i o u r as w e l l as t o morpho-

l o g i c c . l f e a t u r e s . T i n b c r g e n (1951) and Lorenz (1958) have a c c e p t e d 

the e v o l u t i o n o f b e h a v i o u r and have c o n s t r u c t e d homologous s e r i e s of 

beh a v i o u r c h a r a c t e r s e q u i v a l e n t t o the homologous s e r i e s so w i d e l y 

a c c e p t e d f o r m o r p h o l o g i c a l s t r u c t u r e s . For example T i n b e r g e n des­

c r i b e d a homologous s e r i e s t h r o u g h a number o f s p e c i e s o f cranes f o r 

p r e e n i n g i n r i g h t i n g d i s p l a y , and Lorenz suggested t h a t head s c r a t c h i n g 

was a c h a r a c t e r w h i c h c o u l d be c o n s i d e r e d homologous t h r o u g h o u t the 

Amniotes. 
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I t i s a l s 0 w i d e l y a c c e p t e d t h a t t h e mechanism o f t h e e v o l u t i o n 
of b e h a v i o u r i s t h e same as t h a t o f the e v o l u t i o n o f morphology. 
The r e s u l t s o b t a i n e d by MacDougall (1927 and 1930) on l e a r n i n g i n 
r a t s were i n t e r p r e t e d by him as i n d i c a t i n g L a m arckian e v o l u t i o n , b u t 
h i s r e s u l t s have s i n c e been e x p l a i n e d by o t h e r w o r k e r s i n terms o f 
s e l e c t i o n , as by Kuppusawny (1941). 

A c c e p t i n g t h a t b e h a v i o u r has e v o l v e d because o f t h e a c t i o n o f 

s e l e c t i o n , L e o p o l d (1944) e x p l a i n e d t h e h e r i t a b l e d i f f e r e n c e i n 

w i l d n e s s between w i l d and domestic t u r k e y s i n terms o f t h e d i f f e r e n t 

s e l e c t i v e processes w h i c h a p p l y i n the f a r m y a r d and i n the f i e l d ; 

S c o t t (1954), suggested t h a t t h e d i f f e r e n c e s i n temperament between 

races o f dogs was due t o the s e l e c t i v e e f f e c t s o f d o m e s t i c a t i o n under 

d i f f e r e n t c o n d i t i o n s . I n man, C a t t e l l (1940) suggested t h a t t h e r e 

was an e v o l u t i o n a r y t r e n d towards decreased i n t e l l i g e n c e due t o d i f ­

f e r e n t i a l f e r t i l i t y between "roups o f people w i t h h e r i t a b l e d i f f e r e n c e s 

i n i n t e l l i g e n c e ; t h i s l a s t s t u d y was by no means as c o n c l u s i v e as the 

o t h e r s . 

These are s t u d i e s i n which the mechanism o f the e v o l u t i o n o f 

be h a v i o u r was c o n s i d e r e d . O t h e r work has de m o n s t r a t e d the i m p o r t a n c e 

o f b e h a v i o u r as a p a r t o f the e v o l u t i o n a r y mechanism. I t i s now gen­

e r a l l y a c c e p t e d t h a t two p o p u l a t i o n s o f a s p e c i e s must be s e p a r a t e d b e f o r e 

s p e c i a t i o n can o c c u r , and t h e p o s s i b l e i m p o r t a n c e of b e h a v i o u r as an 

agent o f t h i s s e p a r a t i o n has been c o n s i d e r e d . 

An example o f t h i s i s s e x u a i i s o l a t i o n , which has been w i d e l y 

s t u d i e d / 
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s t u d i e d . T i n b e r g e n has shown t h a t m a t i n g b e h a v i o u r i s a v e r y complex 
system o f " q u e s t i o n s and answers" i n many s p e c i e s , and t h a t any d i s ­
crepancy i n t h i s b e h a v i o u r sequence mi g h t make c o p u l a t i o n i m p o s s i b l e . 
T h i s i s a f a c t o r w h i c h c o u l d c l e a r l y s e p a r a t e p o p u l a t i o n s o f a s p e c i e s , 
and t h i s type o f s e x u a l i s o l a t i o n by changes i n m a t i n g b e h a v i o u r has 
been v e r y c l o s e l y s t u d i e d , p a r t i c u l a r l y i n D r o s o p h i l a . T h i s work i s 
c h a r a c t e r i s e d by t h e v e r y c l o s e a n a l y s i s which has been a p p l i e d t o t h e 
m a t i n g b e h a v i o u r , w i t h n u m e r i c a l measurements b e i n g a p p l i e d t o the 
s m a l l f a c t o r s which have been compared. Bastock and Manning (1955) 
and Bastock (1958) a r e examples o f such c l o s e a n a l y t i c a l s t u d i e s o f 
c o u r t s h i p b e h a v i o u r i n D r o s o p h i l a , d e a l i n g w i t h f a c t o r s l i k e l i c k i n g 
and w i n g v i b r a t i o n . There have been many p u b l i s h e d s t u d i e s o f m a t i n g 
b e h a v i o u r i n D r o s o p h i l a , d i r e c t e d a t an e x a m i n a t i o n o f the e v o l u t i o n a r y 
s i g n i f i c a n c e o f r e p r o d u c t i v e i s o l a t i o n , such as those by . M i l l e r (195C), 
S p i e t h (1949 and 1952), and S p i e t h and Hsu (1950). 

Sexual i s o l a t i o n has a l s o been shown t o a f f e c t a n i m a l s o t h e r t h a n 

D r o s o p h i l a . For example B l a i r and L i t t l e j o h n (1960), w o r k i n g on the 

f r o g s F s e u d a c r i s c r u a t a and P s e u d a c r i s s t r e c k e r i showed t h a t t h e m a t i n g 

c a l l s were o f d i f f e r e n t f r e q u e n c i e s i n t h e two s p e c i e s , and t h a t t h e 

females o f P s e u d a c r i s s t r e c k e r i a t l e a s t c o u l d d i f f e r e n t i a t e between the 

males o f the two s p e c i e s ; t h i s i s a mechanism wh i c h would h e l p t o 

m a i n t a i n t h e two s e p a r a t e s p e c i e s a l t h o u g h t h e y bred i n the same a r e a . 

B e h a v i o u r has c l e a r l y e v o l v e d , and i t seems rea s o n a b l e t o a c c e p t 

t h a t i t s e v o l u t i o n has been, and i s , due t o t h e same mechanism as t h a t 

w h i c h a f f e c t s m o r p h o l o g i c a l c h a r a c t e r s . I t i s c l e a r t h a t b e h a v i o u r 

d i f f e r e n c e s , e s p e c i a l l y those i n v o l v e d i n m a t i n g , have been i m p o r t a n t 

i n a t l e a s t some cases s e p a r a t i n g p o p u l a t i o n s so t h a t s p e c i a t i o n c o u l d 

o c c u r . 
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2. EVOLUTION CV THE SHEEP STRIKE HABIT 

The b l o w f l i e s E i r e t y p i c a l l y c a r r i o n f e e d e r s , eggs b e i n g l a i d 

on c a r c a s s e s and the l a r v a l p e r i o d b e i n g c o m p l e t e d t h e r e . L u c i l i a 

s e r i c a t a and L u c i l i a c u p r i n a w i l l a l s o complete t h e i r l i f e h i s t o r i e s 
I I 

t h i s way, as n o t e d by W.li. Davies (1934) and by ft^onnig and C i l l i e r s 

(1944). Hepburn and N o l t e (1943) t e s t e d a number o f a t t r a c t a n t s and 

r e p e l l e n t s , c h i e f l y i n the l a b o r a t o r y , and found t h s t c a r r i o n was t h e 

most e f f e c t i v e a t t r a c t a n t f o r sheep b l o w f l i e s : Ivackerass and IVackerass 

(1944) showed t h a t c a r r i o n was even more a t t r a c t i v e t o L u c i l i a c u p r i n a 

t h a n s u s c e p t i b l e sheep. I n my work, t h e mature r e a c t i o n o f B r i t i s h 

L u c i l i a s e r i c a t a was h i g h e r f o r f l e e c e than f o r meat, a l t h o u g h i t was 

d i f f i c u l t t o compare these two r e a c t i o n s d i r e c t l y , and the meat used 
11 

showed no s i g n s o f p u t r e f a c t i o n . Monnig and C i l l i e r s (1944) d i d show 

however t h a t Luc i l i a cnprina o v i p o s i t e d more cor.'.monly on l i v e sheen than 

on c a r c p s s e s i n the Cape K a i n f a . i l Area o f South A f r i c a . However, i t 

does seem l i k e l y t h a t b o t h L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a a r e b o t h 

b a s i c a l l y c a r r i o n b r e e d e r s . 

Both these s p e c i e s a r e a l s o known to i n i t i a t e m y i a s i s , b r e e d i n g 

i n l i v e sheep. Some work by I l l i n g w o r t h (1923a) suggested t h a t 

L u c i l i a s e r i c a t a c o u l d breed i n hen manure; Thomsen and Hammer (1936) 

o b t a i n e d r e s u l t s s u g g e s t i n g t h a t t h i s s p e c i e s c o u l d l a y and breed i n 

p i g manure; and Green (1951) found l a r v a e o f t h i s s p e c i e s i n p i g food 

which c o n t a i n e d no o b s e r v a b l e meat, and found t h a t these l a r v a e were 
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a b l e t o complete t h e i r development i n the absence o f meat. Graham-

Smith (1919) c o l l e c t e d L u c i l i a i n t r a p s b a i t e d w i t h excrement, but un­

f o r t u n a t e l y f a i l e d t o name the s p e c i e s . 

These s t u d i e s a r e i n c o n c l u s i v e , b u t they do suggest t h a t L u c i l i a 

s e r i c a t a can breed i n faeces and garbage as w e l l as i n c a r r i o n and l i v e 

sheep. However, i t s t i l l seems l i k e l y t h a t c a r r i o n i s the o r i g i n a l 

b r e e d i n g medium f o r b o t h L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a . and i t i s 

i n t e r e s t i n g t o s p e c u l a t e on the reasons f o r them becoming p a r a s i t e s o f 

sheep. 

F r o g g a t t (1915) suggested t h a t sheep s t r i k e arose i n A u s t r a l i a 

because the b l o w f l i e s a l r e a d y t h e r e a c q u i r e d t h e h a b i t o f o v i p o s i t i n g 

on l i v e sheep due t o some process o f l a r v a l c o n d i t i o n i n g . The J o i n t 

B l o w f l y Committee (1933) suggested t h a t sheep s t r i k e was due f i r s t t o 

the i n t r o d u c t i o n o f more s u s c e p t i b l e sheep such as the m e r i n o , and 

second to th e i n t r o d u c t i o n n f L u c i l i a s e r i c a t a , p r o b a b l y from E ngland, 

and L u c i l i a c u p r i n s . p r o b a b l y f r o m the E a s t , w i t h t h e a b i l i t y t o o v i ­

p o s i t on l i v e sheep a l r e a d y i n h e r e n t w i t h i n them. J o h n s t o n (1923) 

suggested t h a t m y i a s i s as a h a b i t arose because o f s i m i l a r s t i m u l i 

produced by c a r r i o n and s u s c e p t i b l e sheep. T h i s i s s u p p o r t e d by the 

r e s u l t s o b t a i n e d by Mackerass and Mackerass (1944) and Cragg (1950b), 

who showed t h a t p u t r e f a c t i v e substances i n c r e a s e d t h e s u s c e p t i b i l i t y 

o f l i v e sheep. Cragg a l s o suggested t h a t the absence o f m y i a s i s i n 

Denmark was due t o m i c r o c l i m a t i c d i f f e r e n c e s between Denmark and B r i t a i n 

r a t h e r than t o d i f f e r e n c e s i n h a b i t between Danish and B r i t i s h L u c i l i a 

s e r i c a t a . 

However/ 
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However, the work o f Cragg and Cole (1956) suggested t h a t t h e r e 
were some d i f f e r e n c e s i n b e h a v i o u r between A u s t r a l i a n , D a n i s h and 
B r i t i s h s t r a i n s o f t h i s s p e c i e s , and my work has shown t h a t these 
d i f f e r e n c e s a r e c o n s i d e r a b l e , a f f e c t i n g t h e r e a c t i o n s t o meat and 
f l e e c e i n a way which suggests t h a t t h e r e a r e i n n a t e b e h a v i o u r a l d i f ­
f e r e n c e s between these s t r a i n s w h i c h a f f e c t t h e i r p r o p e n s i t y t o i n i t i a t e 
m y i a s i s i n sheep. 

Cragg and Cole a l s o showed t h a t t h e r e were d i f f e r e n c e s i n wool 

r e a c t i o n between L u c i l i a s e r i c a t a and o t h e r b l o w f l i e s l i k e L u c i l i a 

c a esar and L u c i l i a i l l u s t r i s w h i c h p l a y a s m a l l e r and secondary p a r t 

i n sheep s t r i k e . I t seems t h a t L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a 

have e v o l v e d some b e h a v i o u r a l mechanism a d a p t i n g them t o l i v e sheep 

as a b r e e d i n g medium. P u t r e f a c t i v e substances common t o c a r r i o n and 

s u s c e p t i b l e sheep seem t o be i m p o r t a n t i n m y i a s i s , hut L u c i l i a sericata« 

and p r o b a b l y a l s o L u c i l i a c u p r i n a have e v o l v e d an i n n a t e response t o 

wool wh i c h i s an i m p o r t a n t p a r t o f th e r e a c t i o n t o sheep. I t i s i n ­

t e r e s t i n g t o s p e c u l a t e on th e e v o l u t i o n o f t h i s b e h a v i o u r f a c t o r . 

Holdaway (1930) and U l l y e t t (.1950) showed t h a t i n t r a and i n t e r 

s p e c i f i c c o m p e t i t i o n f o r f o o d amongst l a r v a e i n c a r r i o n , t o g e t h e r w i t h 

p r e d a t i o n and p a r a s i t i s m o f these l a r v a e , were i m p o r t a n t f a c t o r s i n 

l i m i t i n g the p o p u l a t i o n s i z e o f L u c i l i a s e r i c a t a . F u l l e r (1932) 

showed t h a t the b u r i a l o f blown ca r c a s s e s i n c r e a s e d the emergence o f 

L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a because i t r e l a x e d t h i s c o m p e t i t i o n . 

I l l i n g w o r t h (1923b) suggested t h a t t h e L u c i l i a s e r i c a t a p o p u l a t i o n o f 

H a w a i i / 
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H a w a i i was d e c r e a s i n g because of the l a r v a l c o m p e t i t i o n i n car c a s s e s 

w i t h the r e c e n t l y i n t r o d u c e d Chi-ysomyia a l h i c e p s , a l t h o u g h t h i s was not 

a c o n c l u s i v e s t u d y . 

Under these c o n d i t i o n s , i t would be o f c o n s i d e r a b l e s e l e c t i v e ad­

vantage f o r t h e s p e c i e s t o be a b l e t o breed i n a medium f o r which t h e r e 

was l e s s l a r v a l c o m p e t i t i o n . The work o f "tVaterhouse ( 1 9 4 7 ) suggested 

t h a t l i v e sheep p r o v i d e d a b e t t e r b r e e d i n g medium f o r b l o w f l i e s because 

t h e r e was l i t t l e c o m p e t i t i o n here f r o m o t h e r s p e c i e s of b l o w f l y , and 

l i t t l e p r e d a t i o n o r p a r a s i t i s m . I f t h i s were so, then the a b i l i t y t o 

breed i n sheep would c l e a r l y c o n f e r a c o n s i d e r a b l e s e l e c t i v e advantage 

t o those f l i e s w h i c h developed t h i s a b i l i t y . Since t h e wool r e a c t i o n i s 

i n v o l v e d i n t h i s a b i l i t y , t h e n development o f the wool r e a c t i o n would 

a l s o be advantageous. 

Thus the primr.ry sheep b l o w f l i e s p r o b a b l y hove the wool r e a c t i o n 

added t o t h e a b i l i t y t o r e a c t t o p u t r e f a c t i v e siihst.ftn.ces s n.nd t h i s 

m i g h t w e l l he the main d i f f e r e n c e between p r i m a r y and secondary sheep 

b l o w f l i e s . I t would be v e r y i n t e r e s t i n g t o know more about t h e pos­

s i b i l i t y o f <:> wool r e a c t i o n b e i n g shown by sheep b l o w f l i e s o t h e r t h a n 

L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a . 

R a t h e r more d i f f i c u l t t o e x p l a i n a r e the d i f f e r e n c e s between s t r a i n s 

of L u c i l i a s e r i c a t a i n t h e i r wool r e a c t i o n s . A u s t r a l i a n , B r i t i s h and 

Da n i s h s t o c k s o f L u c i l i a s e r i c a t a , p a r t i c u l e r l y t h e fo r m e r two, showed 

d i s t i n c t s i m i l a r i t i e s i n t h e i r p a t t e r n s o f r e a c t i o n t o w o o l , w h i c h 

suggests t h a t the t h r e e s t r a i n s might be of common d e s c e n t ; c e r t a i n l y 
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t h e J o i n t B l o w f l y Committee ( 1 9 3 3 ) suggested t h a t the A u s t r a l i a n popu­
l a t i o n s of L u c i l i a s e r i c a t a were riescendents o f i n t r o d u c e d B r i t i s h 
s t o c k s . I t seems p o s s i b l e t h a t t h e r e a c t i o n s o f the A u s t r a l i a n and 
Danish s t o c k s of t h i s s p e c i e s are m o d i f i c a t i o n s o f a B r i t i s h t y p e . I f 
t h i s i s so, what has caused the d i v e r g e n c e ? 

The h u m i d i t y r e q u i r e m e n t s of the eggs and l a r v a e o f Luc i l i a s e r i c a t a 

have been d i s c u s s e d above, and these might have p r o v i d e d the s e l e c t i v e 

b a s i s f o r t h e p o s t u l a t e d changes i n b e h a v i o u r . I f t h e f l e e c e h u m i d i t y 

i s h i g h e r i n B r i t i s h t h an i n A u s t r a l i a n and Dan i s h sheep, and i f the 

t h r e e s t r a i n s o f f l y ore s i m i l a r i n t h e i r h u m i d i t y r e q u i r e m e n t s , t h e n 

t h i s d i f f e r e n c e would cause h i g h ( M o r t a l i t y amongst eggs l a i d on l i v i n g 

sheep i n Denmark and A u s t r a l i a . S e l e c t i o n would then be adverse t o 

f l i e s which l a i d t h e i r eggs on l i v e sheep, and f a v o u r those w h i c h l a i d 

on c a r r i o n . Under these c o n d i t i o n s , d i v e r g e n c e f r o m the sheep s t r i k e 

h a b i t m i g h t be e x p e c L e d , a f f e c t i n g thi- •".ornplex o f o l f a c t o r y r e a c t i o n s . 

On t h i s i n t e r p r e t a t i o n , the m a i n t a i n e d emergence r e a c t i o n o f D t o 

f l e e c e , and the h e i g h t e n e d emergence r e a c t i o n o f A t o f l e e c e , would 

suggest t h a t these r e a c t i o n s had a c q u i r e d some s i g n i f i c a n c e o t h e r t h a n 

i n m y i a s i s . I t would be necessary t o accept the d i f f e r e n c e i n f l e e c e 

h u m i d i t y between B r i t i s h and A u s t r a l i a n and Danish sheep, which has been 

doubted i n an e a r l i e r s e c t i o n o f t h i s work; i t would a l s o be necessary 

t o p o s t u l a t e t h a t t h e eggs and l a r v a e o f L u c i 1 i a c u p r i n a i n A u s t r a l i a 

c o u l d w i t h s t a n d l o w e r h u m i d i t i e s t h a n those o f L u c i l i a s c r i c a t a t and 

t h e r e i s no evid e n c e f o r t h i s . 

MacLeod/ 
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LacLeod ( 1 9 4 9 ) and Cragg (1950b) r e f e r r e d t o the complex i n t e r ­

a c t i o n s between b l o w f l i e s , c l i m a t e and m y i a s i s . Koldaway ( 1 9 3 3 ) 

showed t h a t L u c i l i a s c r i c a t a p r e f e r r e d open p l a c e s and was more t o l ­

e r a n t o f i n s o l a t i o n t h a n the r e l a t e d L u c i l i a c a e s a r . N i c h o l s o n ( 1 9 3 4 ) 

and I . t o . Mackerass ( 1 9 3 6 ) showed t h a t L u c i l i a c u p r i n a was a c t i v e a t 

h i g h e r t e m p e r a t u r e s t h a n L u c i l i a s c r i c a t a under A u s t r a l i a n c o n d i t i o n s , 

and t h i s agrees r o u g h l y w i t h t he d i s t r i b u t i o n of the two s p e c i e s i n 

A u s t r a l i a , a l t h o u g h t h e i r ranges do o v e r l a p t h e r e . T h i s d i f f e r e n c e , 

c o n s i d e r i n g the h i g h e r t e m p e r a t u r e i n A u s t r a l i a t h a n i n B r i t a i n , m i g h t 

a f f e c t t h e r e l a t i v e s t a n d i n g of t h e two s p e c i e s i n A u s t r a l i a as i n ­

i t i a t o r s ; g i v e n e q u a l o p p o r t u n i t y , t h e more a c t i v e f l i e s w o u l d , on 

average, f i n d t he sheep more q u i c k l y . I t i s d i f f i c u l t t o see why 

t h i s s h o u l d r e s u l t i n a changed wool r e a c t i o n p a t t e r n i n 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 , however, and i t does n o t e x p l a i n the d i f f e r e n c e 

between B r i t i s h and Danish s t r a i n s . 

I t i r p o s s i b l e t h a t , due t o c o m p e t i t i o n f o r o v i p o s i t . ! on s i t e s on 

sheep w i t h L u c i l i a c u p r i n a w h i c h was more e f f i c i e n t i n t h i s a c t i v i t y , 

p o s s i b l e due t o i t s g r e a t e r a c t i v i t y a t A u s t r a l i a n t e m p e r a t u r e s , i t was 

a s e l e c t i v e advantage f o r L u c i l i a s e r i c a t a t o reduce i t s a c t i v i t i e s as a 

p r i m a r y sheep s t r i k e r . However, L u c i l i a s e r i c a t a i n A u s t r a l i a i s now a 

secondary sheep b l o w f l y ; t h i s would seem t o i n v o l v e c o m p e t i t i o n w i t h 

t h e e s t a b l i s h e d l a r v a e o f L u c i l i a c u p r i n a r a t h e r than w i t h i t s eggs and 

young l a r v a e , and so make more severe any c o m p e t i t i o n which might e x i s t 

here f o r L u c i l i a s e r i c a t a . 

C o m p e t i t i o n between L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a f o r o v i -

p o s i t i o n / 
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o v i p o s i t i o n s i t e s i n c a r c f s s e s has been c o n s i d e r e d by o t h e r w o r k e r s , 
but n o t i n much d e t a i l . Hepburn (.1943s and D ) showed t h a t c a r c a s s e s 
i n South A f r i c a v a r i e d i n t h e i r a t t r a c t i o n f o r b l o w f l i e s , and t h a t 

ti 

L u c i l i a s e r i c a t a and L u c i l i a c u p r i n a l a i d on the same c a r c a s s e s ; Monnig 

and C i l l i e r s (.1.944) suggested t h a t , i n a d i f f e r e n t area o f South A f r i c a , 

these two s p e c i e s o v i p o s i t e d on carcasses o f d i f f e r e n t s i z e . 

The q u e s t i o n o f c o m p e t i t i o n between these two s p e c i e s , b o t h on 

c a r r i o n and on l i v e sheep, i s c l e a r l y a d i f f i c u l t one, and no f i r m 

c o n c l u s i o n s can be reached a t the moment. One o f the many p i e c e s o f 

evidence which would be o f v a l u e here i s a good e s t i m a t e of the r e l a t i v e 

s i z e s o f the f i e l d p o p u l a t i o n s o f these two s p e c i e s i n d i f f e r e n t a r e a s . 

Work by Gurney and W o o d h i l l ( l 9 ? . 6 a ) , G i l m o u r , ".Vaterhouse and M c l n t y r e 

(j - 9 4 6 ) and MacLeod and D o n n e l l y ( 1 9 5 6 ) has shown t h a t good e s t i m a t e s o f 

the p o p u l - t i o n s i z e o f b l o w f l i e s i n the f i e l d a r e d i f f i c u l t t o make, and 

no such e s t i m a t e s a r e a v a i l a b l e a t the moment. 

T h i s c o n s i d e r a t i o n of the e v o l u t i o n o f the sheep s t r i k e i s o b v i o u s l y 

h i g h l y s p e c u l a t i v e , and few c o n c l u s i o n s can be r e a c h e d , Much more work 

i s needed on a number o f a s p e c t s o f b l o w f l y b e h a v i o u r and e c o l o g y , p a r ­

t i c u l a r l y comparisons o f the wool r e a c t i o n s o f more s p e c i e s o f b l o w f l i e s and 

more s t r a i n s o f L u c i l i a s e r i c a t a . I n t h e absence o f f u r t h e r i n f o r m a t i o n , 

t h e r e would seem t o be l i t t l e v a l u e i n c o n t i n u e d s p e c u l a t i o n on L h i s p o i n t . 
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PART I V . GENERAL DISCUSSION. 

The p r e s e n t work has p r o v i d e d i n f o r m a t i o n on t h e b e h a v i o u r of 

L u c i l i a s e r i c a t a . and on t h e e c o l o g i c a l i m p o r t a n c e and g e n e t i c b a s i s 

of t h i s b e h a v i o u r . I n each o f these t h r e e p a r t s , however, the work 

i s i n c o m p l e t e , r a i s i n g more problems t h a n i t s o l v e s , and i n each p a r t 

the work must be c o n s i d e r e d as a p r e l i m i n a r y s t u d y . 

T h i s work has, however, r a i s e d s e v e r a l p o i n t s o f g e n e r a l i n t e r e s t . 

The f i r s t , o f these i s t h a t , i n s t u d i e s o f b e h a v i o u r , an a t t e m p t s h o u l d 

be made t o assess t h e accura c y o f the methods used t o measure t h e be­

h a v i o u r . Only r e s u l t s w h i c h are r e p e a t a b l e s h o u l d be a c c e p t e d , and 

si n c e t h e h a n d l i n g o f t h e e x p e r i m e n t a l a n i m a l s i s known t o a f f e c t t h e i r 

b e h a v i o u r , i t may be d i f f i c u l t t o compare the r e s u l t s o b t a i n e d by d i f ­

f e r e n t o p e r a t o r s . I n the p r e s e n t work, h a n d l i n g had no ob v i o u s e f f e c t 

on the wool r e a c t i o n , but o b v i o u s l y a f f e c t e d p r e e n i n g and f l i g h t s , and 

c o u l d have a f f e c t e d t he measurement o f t h e wool r e a c t i o n t h r o u g h t h e s e . 

The n e x t p o i n t i s t h a t a b e h a v i o u r p a t t e r n s h o u l d be c a r e f u l l y 

a n a l y s e d , and i t s component p a r t s s t u d i e d s e p a r a t e l y b e f o r e any b e h a v i o u r ­

a l e x p l a n a t i o n o f the p a t t e r n as a whole i s a t t e m p t e d . W i t h t h e wool 

r e a c t i o n , which changed so markedly w i t h age, t h e s e p a r a t e components 

c l e a r l y had d i f f e r e n t meanings i n terms o f f i e l d i m p o r t a n c e ; t o t r e a t 

the p a t t e r n as a whole c o u l d o n l y make the i s s u e more c o m p l i c a t e d i n 

t h i s case. 

T h i s c o n s i d e r a t i o n a p p l i e s w i t h a t l e a s t e q u a l f o r c e t o s t u d i e s 
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o f t he g e n e t i c b a s i s o f b e h a v i o u r , and t h i s i s a g a i n i l l u s t r a t e d by 
the wool r e a c t i o n . Here t h e r e i s a d e f i n i t e p a t t e r n o f change, and 
the d i f f e r e n t p a r t s o f the p a t t e r n have d i f f e r e n t b e h a v i o u r a l f u n c t i o n s . 
I t seems o n l y r e a s o n a b l e t o assume t h a t these p a r t s a r e governed by 
d i s t i n c t p h y s i o l o g i c a l and g e n e t i c f a c t o r s , a l t h o u g h these a re c e r t a i n l y 
c o - o r d i n a t e d . C l e a r l y l i t t l e i s t o be g a i n e d by l u m p i n g these p a r t s 
t o g e t h e r and a t t e m p t i n g t o st u d y t h e o v e r a l l g e n e t i c c o n s t i t u t i o n . 

From t h i s i t f o l l o w s t h a t t he g e n e t i c s t u d i e s cannot be s e p a r a t e d 

f r o m t h e s t u d i e s o f the b e h a v i o u r per se. I t i s necessary t o a n a l y s e 

the b e h a v i o u r v e r y c l o s e l y b e f o r e t h e g e n e t i c a n a l y s i s can be c a r r i e d 

o u t s a t i s f a c t o r i l y . The g e n e t i c s t u d i e s i n v o l v e , and are dependent 

upon, a c o n s i d e r a b l e knowledge o f t h e b e h a v i o u r , e c o l o g y and p h y s i o l o g y 

of t he a n i m a l as a w h o l e . R e a l i s a t i o n o f t h i s reduces the v a l u e o f 

g e n e t i c s t u d i e s of l a r g e complex b e h a v i o u r p a t t e r n s t r e a t e d as a whole. 

Where the components o f the b e h a v i o u r complex cannot be s e p a r a t e d , i t i s 

c l e a r l y b e t t e r t o s t u d y t h e h e r i t r . b i l i t y o f the b e h a v i o u r , r a t h e r than 

to a t t e m p t a Riendelian a n a l y s i s o f a s i t u a t i o n w h i c h i s i l l a dapted t o 

t h i s t e c h n i q u e . 



i . 

REFERENCES QUOTED 

BEHAVIOUR AND PHYSIOLOGY OF BLOTFLIES 

BARTON BROWNE, L, 1958 . The r e l a t i o n between o v a r i a n development 
and m a t i n g i n L u c i l i a c u p r i n a . A u s t . J. S c i e n c e . ?C, No. 8 , 

BELSCHNEK, II.G. 1937 . S t u d i e s on the sheep b l o w f l y problem, I I . 
O b s e r v a t i o n s on f l e e c e r o t and body s t r i k e i n sheep, p a r ­
t i c u l a r l y i n r e g a r d t o t h e i r i n c i d e n c e , t y p e o f sheep sus­
c e p t i b l e , and t h e i r economic i m p o r t a n c e . N'.S.V.'. Dept. A g r i c . 
S c i . B u l l . No. 5 4 . 

BULL, L.E. 1 9 3 1 . Some o b s e r v a t i o n s on d e r m a t i t i s o f the f o l d s i n 
the breech o f sheep, and i t s p o s s i b l e r e l a t i o n s h i p t o b l o w f l y 
s t r i k e , A u s t . V e t . J . , j_. 

COLE, P. I . 955 . S t u d i e s on t h e o l f a c t o r y responses o f c e r t a i n 
c a l l i p h o r i n e f l i e s . Ph. D. T h e s i s , U n i v e r s i t y of Durham. 

COUSIK, C. 1929 . S e r i e s of papers i n t h i s volume. C.R. Soc. 
B i o l . C. 

CUACG, J.B. 1950a . R e a c t i o n s of L u c i l i a s e r i c a t a t o v a r i o u s sub­
s t a n c e s p l a c e d on sheep. P a r a s i t o l o g y , 4 0 . 

Ji";A'oo, J.d. 1950b . S t u d i e s on L u c i l i a s p e c i e s under i.-anish c o n d i t i o n s , 
Ann. App. B i o l . , 157 . 

CRAGG, J.D. 1 9 5 5 . N a t u r a l h i s t o r y o f sheep b l o w f l i e s i n B r i t a i n . 
Ann, npp. B i o l . , 4 2 . 

CRAGG, J.B. 1 9 5 6 . O l f a c t o r y b e h a v i o u r o f L u c i l i a s p e c i e s under n a t u r a l 
c o n d i t i o n s , Ann. App. B i o l . , 4 4 . 

CRAGG, J.?., and P. COLE. 1956 . L a b o r a t o r y s t u d i e s on the chemo-
sensory r e a c t i o n s o f b l o w f l i e s . Ann. App. B i o l . , 4 4 . 

CRAGG, J.B., and L. DAVIES. 1947 . Sweating i n sheep. N a t u r e . Lond.. 

CRAGG, J.B., and G.R. RAfv;ACE. 1945 . Chemotropic s t u d i e s on Luc i l i a 
s e r i c a t a and L u c i l i a c a e s a r . P a r a s i t o l o g y . 3 6 . 

CRAGG, J.B., and E.A. THURSTON. 1.950. R e a c t i o n s or b l o w f l i e s t o 
o r g a n i c s u l p h u r and o t h e r compounds used i n t r a p s . P a r a s i t ­
o l o g y . 4J>. 

CROEBIE/ 



CROMBIE, A.C. 1944 . On t h e measurement and m o d i f i c a t i o n o f t h e 
o l f a c t o r y responses o f b l o w f l i e s . J . Exp. B i o l . . 2 0 . 

DAVIES, L, 1948a , L a b o r a t o r y s t u d i e s on the egg of the b l o w f l y 
L u c i i i a s e r i c a t a (r<!g). J . Exp. B i o l . , 2 5 . 

DAVIES, L. 1 9 4 8 b . O b s e r v a t i o n s on the development o f L u c i i i a s e r i c a t a 
0-'s) eggs i n sheep f l e e c e s . J . Exp. B i o l . . 2 5 . 

DAVIES, L. 1949 . The t e m p e r a t u r e and h u m i d i t y r e l a t i o n s o f v a r i o u s 
s t a g e s o f some c a l l i p h o r i n e f l i e s . Ph. D. T h e s i s . U n i v e r s i t y 
o f Durham. 

DAVIES, V/.I>,i. 1 9 3 4 . The sheep b l o w f l y problem i n N o r t h Wales, 
Ann. App. B i o l . , 2 1 . 

DAVIES, IV.IK., and R.P. HOBSON. 1 9 3 5 . Sheep b l o w f l y i n v e s t i g a t i o n . 
I . The r e l a t i o n s h i p of h u m i d i t y t o b l o w f l y a t t a c k . Ann. App. 
B i o l . . 2 2 , No.2. 

DETMIER, V.G. 1 9 5 5 . Mode o f a c t i o n o f sugar b a i t e d f l y t r a p s . 
J . Econ. Entom., 4 8 . 

£VANS, A.C. 1 9 3 2 . Some a s p e c t s o f c h e m i c a l changes d u r i n g i n s e c t 
metamorphosis. J . Exp, B i o l . , 

EVANS, A.C. 1 9 3 4 . S t u d i e s on t h e i n f l u e n c e o f the envi r o n m e n t on 
the sheep b l o w f l y L u c i i i a s e r i c a t a l e i j ; . I . The i n f l u e n c e o f 
t e m p e r a t u r e and h u m i d i t y on t h e egg. P a r a s i t o l o g y , 2 6 . 

EVANS„ A.C. 1935a. S t u d i e s on t h e i n f l u e n c e o f the en v i r o n m e n t 
on t h e sheep b l o w f l y , L u c i i i a s e r i c a t a Rieig. I I . The i n f l u e n c e 
o f h u m i d i t y and t e m p e r a t u r e on prepupae and pupae. P a r a s i t ­
o l o g y , 2 7 . 

EVANS, A.C. 1 9 3 5 b . S t u d i e s on t h e i n f l u e n c e o f the envi r o n m e n t on the 
sheep b l o w f l y , L u c i i i a s e r i c a t a Meig. I I I . The i n f l u e n c e o f 
t e m p e r a t u r e and h u m i d i t y on t h e a d u l t . P a r a s i t o l o g y , 2 7 . 

EVANS, A.C. 1935c . Some n o t e s on t h e b i o l o g y and p h y s i o l o g y o f t h e 
sheep b l o w f l y L u c i i i a s e r i c a t a Meig, B u l l . E n t . Res.. 2 6 . 

EVANS, A.C. 1 9 3 6 . The p h y s i o l o g y o f t h e sheep b l o w f l y L u c i l i a 
5 c r i c a t a 
P a r t 1 5 . 
s e r i c a t a Meig ( D i p t e r a ) . Trans. Roy. £nt. Soc. Lonti., H'j, 

F'J.FNEY, M.R. 1932a . Sheep b l o w f l y i n v e s t i g a t i o n . E x p e r i m e n t s on 
a r t i f i c i a l b a i t s : P r e l i m i n a r y n o t e on the p r o d u c t s o f de­
c o m p o s i t i o n o f wool f i b r e ( k e r a t i n ) . J. Counc. S c i . I n d . 
Res. ( A u s t . ) . 

FRENEY/ 



I l l 

FRENEY, M.R. 1 9 3 2 b . The c h e m i c a l t r e a t m e n t o f b a i t s f o r a t t r a c t i n g 
b l o w f l i e s I . J. Counc. S c i . I n d . Res. ( A u s t ) . 

FRENSY, M.R. 1937 . S t u d i e s on the c h e m o t r o p i c b e h a v i o u r o f sheep 
b l o w f l i e s . Pamphl. Coun. S c i . I n d . Res. A u s t . . 7 4 . 

FROGGATT, iV.W. 1 9 1 5 . Sheep maggott f l i e s . Dept. o f A g r i c . N.S.W. 
Farmers' B u l l . No. 9 5 . 

FULLER, M.E. 1932 . The b l o w f l y problem - Notes on t h e e f f e c t o f 
c a r c a s s b u r i a l . J . Counc. S c i . I n d . Res. A u s t . , 5 . 

GILMOUR, D., D.F. V.'ATERHOUSE, and G.A. KcIKTYRE. 1946 . An account 
of e x p e r i m e n t s u n d e r t a k e n t o d e t e r m i n e t h e n a t u r a l p o p u l a t i o n 
d e n s i t y o f t h e sheep b l o w f l y L u c i l i a c u p r i n a ( V / i e d ) . 

GRAHAM-SMITH, G.S. 1919 . F u r t h e r o b s e r v a t i o n s on the h a b i t s and 
p a r a s i t e s o f common f l i e s . P a r a s i t o l o g y , 1 1 • 

GREEN, A.A. 1 9 5 1 , The c o n t r o l o f b l o w f l i e s i n f e s t i n g s l a u g h t e r 
houses. I . F i e l d o b s e r v a t i o n on the h a b i t s o f b l o w f l i e s * 
Ann. App. B i o l . , 3 8 . 

GURNEY, V.'.B,, and A.R. WOODHILL. 1926a, R e p o r t s o f the e x t e r n a l 
p a r a s i t e s i n sheep committee of the D e p a r t m e n t a l Research 
C o u n c i l No. 1 1 . - Range and l o n g e v i t y o f sheep b l o w f l i e s . 
A g r i c . Gez. *-'.S., 3 7 . 

GURNEY. s/.B., and A.R. V/CODIilLI., l q p f i h . I n v e s t i g a t i o n s on sheep 
b l o w f l i e s . I . Range of f l i g h t t.nd l o n g e v i t y , S c i . B u l l . 
Dept. A g r i c . \ . S . ' i . Ivo. :?'/, 

HARLOW, F.n.. 1 9 5 6 . A s t u d y o f o v a r i a n development and i t s r e l a t i o n 
t o . i d u l t n u t r i t i o n i n the b l o w f l y P r o t o p h o r m i a t e r r a e - n o v a e . 
J. Exp. B i o l . , 5 5 . 

11EFBURN, G.A. 1943a . Sheep b l o w f l y r e s e a r c h . I . A survey o f 
maggot c o l l e c t i o n s f r o m l i v e sheep and a note on the t r a p p i n g 
of b l o w f l i e s . O n d e r s t e p o o r t J. V e t . S c i . , 18. 

HEPBURN, G.A. 1 9 4 3 b . Sheep b l o w f l y i n v e s t i g a t i o n s . V. Carcasses as 
sources o f b l o w f l i e s . O n d e r s t e p o o r t J . V e t . S c i . , I S . 

HEPBURN, G.A. 1943c . Sheep b l o w f l y r e s e a r c h . I V . F i e l d t e s t s w i t h 
c h e m i c a l l y t r e a t e d c a r c a s s e s . C n d e r s t e p o o r t J. V e t . S c i . , I S . 

HEPBURN, G.A. 1 9 4 3 d . A s i m p l e i n s e c t cage o l f a c t o m e t e r . O n d e r s t e p o o r t 
J. V e t . S c i . , I S . 

•IftPBURN/ 



i v . 

HEPBURN, G.A., and R..C.A. NOLTE. 1943 . Sheep b l o w f l y r e s e a r c h . 
I I I . S t u d i e s on the o l f a c t o r y r e a c t i o n s o f sheep b l o w f l i e s . 
O n d e r s t e p o o r t J . V e t . S c i . , 18. 

HOBSON, R.P. 1931a . S t u d i e s on the n u t r i t i o n o f b l o w f l y l a r v a e . 
I . S t r u c t u r e and f u n c t i o n o f t h e a l i m e n t a r y t r a c t . J. Exp. 
B i o l . , 8. 

HOBSON, R.P. 1931b . On an enzyme f r o m b l o w f l y l a r v a e ( L u c i l i a 
s e r i c a t a ) w h i c h d i g e s t s c o l l a g e n i n a l k a l i n e s o l u t i o n , 
Biochem. J . , 2 5 . 

HOBSON, R.P. 1933 . Growth o f b l o w f l y l a r v a e on b l o o d and serum. 
I . Response o f a s e p t i c l a r v a e t o v i t a m i n B. Biochem. J . , 2 7 . 

HOBSON, R.P. 1935a . On a f a t s o l u b l e g r o w t h f a c t o r r e q u i r e d by 
b l o w f l y l a r v a e . I I . I d e n t i t y of t h e g r o w t h f a c t o r w i t h 
c h o l e s t e r o l . Biochem. J . , 2 9 . 

HCBSON, R.P. 1935b . Sheep b l o w f l y i n v e s t i g a t i o n s . I I . Substances 
w h i c h induce L u c i l i a s e r i c a t a ( f i g ) t o o v i p o s i t on sheep. Ann. 
App. B i o l . . 2 2 . 

HOBSON, R.P. 1935c . Growth o f b l o w f l y l a r v a e on b l o o d and serum. 
I I . Growth i n a s s o c i a t i o n w i t h b a c t e r i a . Biochem. J . , 2 9 , 
No. 6 . 

"OLSON, R.P, 1955d . On a f a t s o l u b l e g r o w t h f a c t o r ' r e q u i r e d by 
b l o w f l y l a r v a e . T. D i s t r i b u t i o n ?>nd p r o p e r t i e s . Biochen*„ J . , 
2 9 , No". 6 . 

HOBSON, R.P. 1936a . Sheep b l o w f l y i n v e s t i g a t i o n s . I V . On t h e c h e m i s t r y 
of t h e f l e e c e w i t h r e f e r e n c e to t h e s u s c e p t i b i l i t y o f the sheep 
t o b l o w f l y a t t a c k . Ann. App. B i o l . . 25, No. 4 . 

HOBSON, R.P. 1936b . Sheep b l o w f l y i n v e s t i g a t i o n ? . . I I I . O b s e r v a t i o n s 
on t h e chemotropism o f L u c i l i a s e r i c a t a Mg. Ann. App. B i o l . , 2 3 . 

HOBSON, R.P. 1938 . Sheep b l o w f l y i n v e s t i g a t i o n s . V I I . O b s e r v a t i o n s 
on the development o f the eggs and o v i p o s i t i o n i n t h e sheep 
b l o w f l y L u c i l i a s e r i c a t a . Ann. App. B i o l . , 25. No. 3 . 

IIOBSON, R.P. 1 9 4 L I I . Recent work on t h e sheep maggot problem. 
A n n . App. B i o l . . 2S, No. 5 . 

HOLDAVi'AY, F.G. 1 9 3 0 . F i e l d p o p u l a t i o n s and n a t u r a l c o n t r o l o f L u c i l i a 
s e r i c a t a . N a t u r e , 1 2 6 . 

HOLDAWAY, F.G. 1932 . F l y s t r i k e o f sheep: A n a t u r a l phenomenon. 
J. Counc. S c i . I n d . Res. A u s t . , JJ. 

HOLDAWAY/ 



v . 

HOLDAIVAY, F.G. 1 9 3 3 . D i f f e r e n t i a l b e h a v i o u r o f L u c i i i a s e r i c a t a 
Meig and L u c i i i a c aesar i n n a t u r a l e n v i r o n m e n t s . J . An. 
E c o l . , 2_. 

iiOLDA.VAY, F.G., and C.k. LULHEAKK. 1934a . Sheep sweat a f a c t o r i n 
b l o w f l y a t t a c k o f sheep. N a t u r e , 1 3 4 . 

liCLDA'.VAY, F.G., and C.R. M1LHEARN. 1934b . F i e l d o b s e r v a t i o n s on 
weather s t a i n and b l o w f l y s t r i k e o f sheep w i t h s p e c i a l r e f e r e n c e 
t o body s t r i k e . Counc. S c i . I n d . Res. A u s t . Pamph. No. 4 8 ; 
and N.S.'w. Dept. A g r i c . S c i . B u l l . No. 1 0 . 

ILLINCWORTH, J.F. 1923a . I n s e c t fauna o f hen manure. Proc. Hawaii 
E n t . Soc., 5_. 

ILLINGVv'ORTK, J.F. 1 9 2 3 b . I n s e c t s a t t r a c t e d to c a r r i o n i n H a w a i i . 
Proc. H a w a i i E n t . Soc., 5_. 

JOHNSTON, T . l l . 1 9 2 3 . A sur v e y o f t h e A u s t r a l i a n sheep b l o w f l y 
problem. T r a n s , and Proc. Roy. Soc. 5 t h . A u s t . , 4 7 . 

JOHNSTON, T.H., and C.W. Tl'EGS. 1 9 2 2 . Notes on the b i o l o g y oT some 
of the more common Queensland Muscoid f l i e s . Proc. Roy. Soc. 
Queensland, 3_4. 

JOINT BLOWFLY COOilTTEE. 1 9 3 3 . The sheep b l o w f l y problem i n 
A u s t r a l i a . R eport No, 1 . Counc. S c i . I n d . Res. A u s t . Pamph. 
•»" . J I . I ^ C | J l . VI M g l j-o . i \ . o . H . j C l . u u l i. , » O i tf-u t 

LF.E, D.J. 1937 . A l a b o r a t o r y method f o r t e s t i n g t r o p i s m s o f b l o w f l i e s . 
J . Counc. S c i . I n d . Res. ( A u s t ) . , 1 0 , No. /. 

LENNOX, F.G. 1 9 3 9 . The development o f a s y n t h e t i c c u l t u r e medium f o r 
a s e p t i c c u l t i v a t i o n o f l a r v a e o f L u c i i i a c u p r i n a . Counc. S c i . 
I n d . Res. ( A u s t . ) Pamph. 9 0 , 

LEWIS, E.A. 1 9 3 3 . O b s e r v a t i o n s on some D i p t e r a and m y i a s i s i n 
Kenya Colony. B u l l . E n t . Res., 24_. 

MACKERASS, I.M. 1 9 3 6 . The sheep b l o w f l y problem i n A u s t r a l i a ; r e s u l t s 
o f some r e c e n t i n v e s t i g a t i o n s . Pamphl. Counc. S c i . I n d . Res. 
A u s t . . No. 6 6 . 

MACKERASS, I.M., and f.'.E. FULLER. 1 9 3 7 . A s u r v e y o f t h e A u s t r a l i a n 
sheep b l o w f l i e s . J . Counc. S c i . I n d . Res. A u s t . . 1 0 . 

MACKERASS, I.M,, and M.J. MACKERASS. 1944 . Sheep b l o w f l y i n v e s t i g a t i o n s . 
The a t t r a c t i v e n e s s o f sheep f o r L u c i i i a c u p r i n a . Counc. S c i . 
I n d . Res. A u s t . B u l l . No. 1 8 1 . 

MACKERASS/ 



V I . 

P-ACKE^ASS, M.J. 1933 . O b s e r v a t i o n s on the l i f e h i s t o r i e s ; n u t ­
r i t i o n a l r e q u i r e m e n t s and f e c u n d i t y o f b l o w f l i e s . B u l l . 
E n t . Res.. 24_. 

ri.ACICEkASS, L.J., and M.R. FRENEY. 1 9 3 3 . O b s e r v a t i o n s on the n u t r i t i o n 
o f maggots and A u s t r a l i a n b l o w f l i e s . J . Exp. B i o l . , 1 0 . 

"iiACLEOD, J . 1 9 4 0 . The m o i s t u r e balance o f t h e l i v i n g sheep i n r e l a t i o n 
t o b l o w f l y m y i a s i s . Ann. App. B i o l . , 2 7 . 

MACLEOD, J. 1943a . A survey of B r i t i s h sheep b l o w f l i e s . I I . R e l a t i o n 
o f s t r i k e s t o h o s t and edaphic f e a t u r e s . B u l l . E n t . Res., 3 4 . 

luACLEOD, J. 1943b . A survey o f B r i t i s h sheep b l o w f l i e s . B u l l . E n t . 
Res., 3,4. 

f.ACLEOD, J . 1949 . The c l i m a t o l o g y of b l o w f l y m y i a s i s . I I I . O v i p o s i t i o n 
end d a i l y weather i n d i c e s . B u l l . E n t . Res., 4J0» P a r t 2 . 

I'.iACLilQD, J . , and J. DONNELLY. 1556 . Methods f o r t h e s t u d y of blow­
f l y p o p u l a t i o n s . I . B a i t t r a p p i n g s i g n i f i c a n c e l i m i t s f o r 
c o m p a r a t i v e s a m p l i n g . Ann. App. B i o l . , 4 4 , No. 1 . 

CESSER, F.C., and R.H. KcCLSLLAN. 1 9 3 5 . S u r g i c a l maggots. A s t u d y 
of t h e i r f u n c t i o n s i n wound h e a l i n g . J. Lab. C l i n . Med., 2 0 , 
Mo. 1 2 . 

f'CTIG, P.."-. I94j. Sheep hlowt'iy r e s e a r c h . V I . The t r e o t m c n t o f 
1 1 J-C # 

i. ON NIG, H.C., and P.A. CILLIKP.S. 1944 . Sheep b l o w f l y r e s e p r c h V I I . 
I n v e s t i g n t i o n s i n the Cape w i n t e r r a i n f a l l a r e a . O n d e r s t e p o o r t 
J . V e t . S c i . , 19. 

NIC! OLSON, A.J. 1934 . The i n f l u e n c e o f t e m p e r a t u r e on the a c t i v i t y 
o f sheep b l o w f l i e s . B u l l . i£nt. Ucs., 2 5 . 

?-IC""LoCr>T, A.J. 1957 . The s e l f a d j u s t m e n t of p o p u l a t i o n s t o change. 
C o l d Spr. Harb. Symp. 1 : 5 7 . 22.. 

NOLTE, .C.A. 1 9 4 3 . Sheep b l o w f l y r e s e a r c h . I I . S u i n t i n v e s t i g a t i o n s . 
C n d e r s t e p o o r t J. V e t . S c i . , 1 0 . 

P.OGOFF, v/.M., and L. B/T.TCr:-BROV'NE. 195*?. The o v i p o s i t i o n b e h a v i o u r 
of t h e A u s t r a l i a n sheep b l o w f l y L u c i l i a c u p r i n o (V.'ieo). P roc. 
X t h I n t e r n a t i o n a l Congress o f Entomology, 2 , 1956 ( 1 9 5 ? ) . 

1/LV/ 



V l l . 

SALT, G. 1932. The n a t u r a l c o n t r o l o f the sheer b l o w f l y , L u c i l i a 
s e r i c a t a ( f t ' e i g ) . B u l l . E n t . Res., 23. 

SEDDONj H.R. 1931 • C o n d i t i o n s which p r e d i s p o s e sheep t o b l o w f l y 
a t t a c k . A g r i c . Gaz. N.S.Y.'.. 42. 

SEDDON, H.R., II.G. 3ELSCHNER, and C.R. M'LHEARN. 1931. S t u d i e s on 
Cutaneous m y i a s i s o f sheep. (Sheep b l o w f l y a t t a c k ) . Dept. o f 
A g r i c . N.S.W. Science B u l l . No. 57. 

SMIT, B. 1931. A stu d y o f the sheep b l o w f l i e s o f South A f r i c a . 
17th Rept. D i r e c t o r V e t . Serv. and Anim. I n d . , Union S. A f r i c a . 

THOftlSEN, Ti l . , and 0. HAMMER. 1936. The b r e e d i n g medium o f some 
common f l i e s . B u l l . E n t . Res., 27. 

LILLYETT, G.C. 1945. Species o f L u c i l i a a t t a c k i n g sheep i n South 
A f r i c a . N a t u r e , 155. 

(JLLYETT, G.C. 1950. C o m p e t i t i o n f o r f o o d and a l l i e d phenomenon i n 
sheep b l o w f l y p o p u l a t i o n s . P h i l . T r a n s . B . , 234. 

HARDLE,R.A.I93°• S i g n i f i c a n t v a r i a b l e s i n the b l o w f l y e n v i r o n m e n t . 
f.nn. App. B i o l . , 17. 

"'ATERHOUSE, D.F. 1947a. The r e l a t i v e i m p o r t a n c e o f l i v e sheep and 
of c a r r i o n , as b r e e d i n g grounds f o r t h e A u s t r a l i a n sheep blow­
f l y L u c i 1 l a c u p r i n a . Counc. S c i . I n d . Res. A u s t . B u l l . No. 217. 

i.'fiTEKHUUSE, D.F. 1947b. S t u d i e s o f the p h y s i o l o g y and t o x i c o l o g y 
o f b l o w f l i e s . 13. I n s e c t a r y t e s t s o f r r p e l l e n t s f o r the 
A u s t r a l i a n sheep b l o w f l y L u c i l i a c u p r i n a . Counc. S c i . I n d . Res. 
A u s t r . B u l l . No. 218. 

..'ATE'.HOL'SE, D.F., end S.J. TAl:/T.ANCV. JQ50. The s t a t u s of two 
sp e c i e s o f L u c i l i n a t t a c k i n g sheep i n A u s t r a l i a . A u s t . J . 
S c i . Res. B., 

".VEBBER, L.G. 1955. The r e l a t i o n s h i p between l a r v a l and a d u l t s i z e 
o f t h e A u s t r a l i a n sheep b l o w f l y L u c i l i a c u p r i n a (;,"ied). A u s t . 
J. Z o o l . , 3 . 



V l l l 

GENETICS AND EVOLUTION OF BEHAVIOUR 

3ASTCCK, r.:. 1956 . A gene m u t a t i o n w h i c h changes a b e h a v i o u r p a t t e r n . 
E v o l u t i o n , 10, No. 4. 

BASTOCK, 195S. :CVth I n t e r n a t i o n a l Congress of Zool o g y . Seel-. X I , 
Paper 5 1 . 

RASTCCK, h., and A. VANMI'G. 1955 . The c o u r t s h i p o f D r o s o p h i l a 
m e l a n o g a s t e r . B e h a v i o u r , 8 .̂ 

BLAIR, tf.F., and P.:'.J. LITTLE JOHN. 196C. Stage of s p e c i a t i o n o f two 
a l l o p a t r i c p o p u l a t i o n s of cho r u s f r o g s , ( P s e u d a c r i s ) . E v o l ­
u t i o n , 24. ^ 0 . 1 . 

PRQADHi'liST, P.1,. 1957 . D e t e r m i n a n t s o f e m o t i o n a l i t y i n the r n t : 
I . S i t u a t i o n a l f a c t o r s . B r i t . J . P s y c h o l . . 4 8 , P a r t 1 . 

DxOAD.'l'JiiST, P.!.. 1959 . Appl.ico.tion o f b i o m e t r i c a l g e n e t i c s t o 
be h a v i o u r i n r a t s . M ature, I S 4 . 

URODY, E.G. 1942 . G e n e t i c b a s i s o f spontaneous a c t i v i t y i n the 
a l b i n o r a t . Comp. P s y c h o l . il.onog., 17» No. 5 . 

CAT'^LL, R.B. 1 9 4 0 . The problem o f n a t u r e - n u r t u r e r e s e a r c h ; e f f e c t s 
of human f e r t i l i t y t r c i v ' s upon the d i s t r i b u t i o n of i n t e l l i g e n c e 
and c u l t u r e . Year. Bk. N at. Soc. S t u d . . . i f l u c , 5J}> P a r t 1 . 

CLAMK, E., I..K. AKOI.'SON, and F,'. -lOi-iDi.N. 1954. fte.ting b e h a v i o u r 
I-aut.crns i n two s y m n a t r i c s p e c i e s of :Jiphorchorin f i s h ; t h e i r 
i n h r r i t . ' - n r c. nru: r i y n i f i e n n c e i n SCXIT 1 i r-ol .-.-tinn. B u l l . Aincr. 
Nat. H i s t , I'.us., 1CJ. 

COEURN, C.A. 1 9 2 2 . H e r e d i t y of v.i lanes.- unii scvL<gcncs.~ i n mice. 
3ehav. ? ono^: . , No. 5 . 

DAS, G., and P.L. «!:GAD!!UJ<ST. 1959 . The e f f e c t o f i n h e r i t e d d i f f e r ­
ences i n e m o t i o n a l r e a c t i v i t y on c. measure o f i n t e l l i g e n c e i n 
the r a t . J. Co mp. and P hy s i 0 J.. P sy c h o 1. , 52 , ( 3 ) . 

DA/SON, V i l ' : 0 2 . I n h e r i t a n c e o f w i l d n e s s and tamuness i n mice. 
G e n e t i c s , 1 7 . 

ilENENI'ERG. V.H., S. ROSS» P.B. SAV/TN, and a.P. FROMMER. 1957 . G e n e t i c 
p h y s i o l o g i c a l and b e h a v i o u r a l background o f r e p r o d u c t i o n i n 
r a b b i t . I V . An a n a l y s i s o f m a t e r n a l b e h a v i o u r i n m u l t i p a r o u s 
r a h h i t s , B e haviour. . 

DICE/ 

http://Appl.ico.tion


i x . 

DICE, L.R., and S.A. HOSLETT. 1940. V a r i a t i o n i n the spontaneous 
a c t i v i t y o f Peromyscus. as shown by r e c o r d i n g w h e e l s . C o n t r i b . 
Lab. V e r t . B i o l . U n i v . M i c h . , 4 7 . 

FOSTER, D.D. 1959 . D i f f e r e n c e s i n b e h a v i o u r and temperament between 
two races o f the deer mouse. J. Mammal.. 40. 

GOY, R . a n d J.S. JAKWAY. 1 9 5 9 . The i n h e r i t a n c e o f p a t t e r n s of 
se x u a l b e h a v i o u r i n female g u i n e a p i g s . Anim. Behav.. 2» ( 3 / 4 ) . 

HALL, C.S. E m o t i o a n l b e h a v i o u r i n the r a t . I . D e f e c a t i o n s and u r i n ­
a t i o n as measures o f i n d i v i d u a l d i f f e r e n c e s i n e m o t i o n a l i t y , 
J . Comp. P s y c h o l . , 18. 

HALL, V.E., and M. LINDSAY. 1938 . The r e l a t i o n o f the t h y r o i d g l a n d 
t o spontaneous a c t i v i t y o f the r a t . a n d o c r i n , 2 2 . 

HERTER, K. 1 9 3 3 . D r e s s u r v c r s u r e h e m i t I g e l n . ?.s. V e r g l . P h y s i o l . . 
18. 

HERTER, K. 1941. Die V o r s u g s t e m p e r a t u r e n b e i h a n d t i e r e . N a t u r w i s s , 
29.. 

HINDE, R.A. 1956 . The b e h a v i o u r o f c e r t a i n C a r d u e l i n e F l i n t e r s p e c i e s 
h y b r i d s . B e h a v i o u r . 9_. 

"IRSCH, J. 1 9 5 " . F.ecent developments i n b e h a v i o u r g e n e t i c s and d i f ­
f e r e n t i a l p s y c h o l o g y . P i s . Nerv. S y s t . (Monogr. S u p p l . ) . 1 9 . 

HIRSCH, J . 1 9 5 9 . S t u d i e s i n e x p e r i m e n t a l b e h a v i o u r g e n e t i c s . I I . 
I n d i v i d u a l d i f f e r e n c e s i n g e o t a x i s as a f u n c t i o n o f chromosome 
v a r i a t i o n i n s y n t h e s i z e d D r o s o p h i l a p o p u l a t i o n s . J. o f Comp. 
and P h y s i o l . P s y c h o l . . 52. No. 3 . 

KIRSCH, J . , and J.C. bOUDK£AU. 1958. S t u d i e s i n e x p e r i m e n t a l b e h a v i o u r 
g e n e t i c s . I . The h e r i t a b i l i t y o f p h o t o t a x i s i n a p o p u l a t i o n o f 
D r o s o p h i l a m e l a n o g a s t e r . J. Coinp. and P h y s i o l . . P s y c h o l . , 5 1 . 

HIRSCH, J . , and R.C. TRYON. 1 9 5 6 . Mass s c r e e n i n g and r e l i a b l e i n ­
d i v i d u a l measurement i n the e x p e r i m e n t a l b e h a v i o u r g e n e t i c s o f 
lo w e r o r g a n i s m s . P s y c h o l . C u l l . , 5 3 . 

11 _ n 
HORMANN-HECIC, S. VON. 1957 . Untersuchungen uber den Erbgang e i n i g e r 

V e r h a l t c n s w e i s e n b e i G r y i i e n b a s t a r d e n . 7. T i e r p s y c h o l . . 1 4 . 

HOVANITZ, V.". 1953 . Polymorphism i n e v o l u t i o n . Symp. Soc. Exp. B i o l . . 
2. 

JAKWAY/ 



X 

JAKY.'AY, J.S. 1 9 5 9 . I n h e r i t a n c e o f p a t t e r n s o f m a t i n g b e h a v i o u r i n the 
male guinea p i g . Anim. Behav., 7 t ( 3 / 4 ) . 

KE.IL : : :*, C.rJ . 1942 . The a s s o c i a t i o n o f the b l a c k (non a g o u t i ) gene 
w i t h b e h a v i o u r . J . He r e d . . 5 3 . 

KEELER, C . E . , and K.D. KING. 1942 . M u l t i p l e e f f e c t s o f c o a t c o l o u r 
genes i n the T-'orway r a t , w i t h s p e c i a l r e f e r e n c e t o temperament 
and d o m e s t i c a t i o n . J. Comp. P s y c h o l . , 5 4 . 

"VPPI'S/Y/NY, B. J 9 4 1 . An e x r m i n a t i o n o f the r e s u l t s o f ?ocDouual I ' s 
Lp.marckian e x p e r i m e n t . J . f.-ysore U n i v . 

LEOPOLD, A.S. 1 9 4 4 . The n a t u r e o r h e r i t a b l e w i l d n e s s i n t u r k e y s . 
Condor, £ 6 . 

LCRENZ, K. 1933 . The e v o l u t i o n o f b e h a v i o u r . S c i . Amer.. 1 9 9 . 

FILLER, D.D. 1950. M a t i n g b e h a v i o u r i n D r o s o p h i l a a f f i n i s and 
U r o s o p h i l a a l g o n o u i n . E v o l u t i o n , £. 

I.icCLEARK, G.E. 1959 . The g e n e t i c s o f mouse b e h a v i o u r i n n o v e l s i t ­
u a t i o n s . J . Comp. and P h y s i o l . P s y c h o l . , 5? 1 0 ) . 

i. cDOUGALL, YV. 1927 . An expe r i m e n t f o r the t e s t i n g o f the h y p o t h e s i s 
of Lamarck. B r i t . J . P s y c h o l . , 1 7 . 

lucDUUGALL, >:. 1930 . Second r e p o r t on a Lamarckian e x p e r i m e n t . B r i t . 
nr. 

N;.C!ih'Ai\", W. 1959 . The i n h e r i t & n c e o f s a c c h a r i n p r e f e r e n c e , J . Comp. 
and P h y s i o l . P s y c h o l . , 5 2 . 

ROSS, S., V.H. DENENUERG, G.P. FRO!'? ER, and P.B. SA.VIK. I 9 5 9 . G e n e t i c , 
p h y s i o l o g i c a l and b e h a v i o u r a l background o f r e p r o d u c t i o n i n the 
r a b b i t . V. Non r e t r i e v i n g o f ne o n a t e s . J . i'"amniai.. 4jOf ( l ) . 

RUNDOUIST, E.A. 1 9 3 3 . I n h e r i t a n c e o f spontaneous a c t i v i t y i n r a t s . 
J. Comp. P s y c h o l . , l j 6 . 

RUNDiiUIST, E.A., and C.J. DELLIS. 1933. R e s p i r a t o r y m e t a b o l i s m o f 
a c t i v e and i n a c t i v e r a t s . Amer. J . P h y s i o l . , 1 1 6 . 

SAKACAMI, S.F., and Y. AKAIIIRA. 1960. S t u d i e s on the Japanese honey 
bee, A p i s oerana c-crana F a b r i c i u s . V I I I . Two opp o s i n g a d a p t ­
a t i o n s i n the p o s t s t i n g i n g b e h a v i o u r o f honey bees. E v o l u t i o n . 
1 4 , P a r t 1 , 

SCOTT/ 



x i . 

SCOTT, J.P. 1937. I n h e r i t e d behaviour i n Drosophila. Proc. 
Indiana Acad. S c i . , 46. 

SCOTT, J.P. 1942. Genetic d i f f e r e n c e s i n the s o c i a l behaviour of 
inbred s t r a i n s of mice. J. Ilered., 33. 

SCOTT, J.F. 1943. E f f e c t s of s i n g l e genes on the behaviour of 
Drosophila. Amer. N a t u r a l i s t . , 77. 

SCOTT, J.P. 1954. The e f f e c t s of domestication and s e l e c t i o n upon 
the behaviour of the dog. J. N a t l . Cancer. I n s t . , 15, Part 1. 

SHEPPARD, P.fti. 1952. A note on non random mating i n the moth Panaxia 
dominula ( L ) . Heredity. 6, 

SPIETH, K.T. 1952. Mating behaviour w i t h i n the genus Drosophila. 
B u l l . Amer. Mus. Nat. H i s t . . £9_. 

SPIETH, K.T., and T.C. HSU. 1950. The influence of l i g h t on the 
mating behaviour of seven species of the Drosophila melanogaster 
species group. E v o l u t i o n , 4_. 

STONE, P. 194-2. Maturation and " I n s t i n c t i v e " Functions. Comparative 
Psychology. E d i t . F.A. Moss, New York, Prentice H a l l . 

THOMPSON, IV.R. 1956. The i n h e r i t a n c e of behaviour. A c t i v i t y d i f f e r e n c e 
i n f i v e inbred mouse s t r a i n s . J. Hered., 47» 

THOMPSON, W.R. 1957. T r a i t s , f a c t o r s and genes. Bugen. i- u a r t . . 4 . 
No. 1. 

TINBERGEN, N. 1951. The study of i n s t i n c t . Oxford Press. 

TRYON, R.C. 1935. A theory of psychological components an a l t e r n a t i v e 
to 'mathematical f a c t o r s ' . Psychol. Rev.. £ 2 . 

TRYON, R.C. 1940a. Studies i n i n d i v i d u a l d i f f e r e n c e s i n maze a b i l i t y . 
V I I , The s p e c i f i c components of maze a b i l i t y , and a general theory 
of psychological components, J. Comp. Psychol., 50. 

TRYON, R.C. 1940b. Genetic d i f f e r e n c e s i n maze l e a r n i n g a b i l i t y i n 
r a t s . Year Bk. Nat. Soc. Stud. Educ., 3J9_ (0. 

TRYON-, R.C. 1942. I n d i v i d u a l d i f f e r e n c e s . 'Comparative Psychology' . 
E d i t , F.A. Moss, New York, Prentice H a l l . 

TRYON/ 



x i 

TRY ON, R.C., CJi. TRY ON, and G. KUZNETS. 1941a. Studies i n i n ­
d i v i d u a l differences i n maze a b i l i t y . IX. Ratings of h i d i n g , 
avoidance, escape end v o c a l i s a t i o n responses. J. Comp. 
Psychol., 2 £ . 

TRYON, R.C., CJi. TRYON, and G. KUZNSTS. 1941b. Studies i n i n ­
d i v i d u a l d i f f e r e n c e i n maze a b i l i t y . "A. Ratings and other 
measures of i n i t i a l emotional responses of r a t s to novel i n ­
animate objects. J. Comp. Psychol., j2. 

'•VKERRY, R.J. I 9 4 I . Determination of the s p e c i f i c components of maze 
a b i l i t y f o r Tryon's b r i g h t and d u l l r a t s by means of f a c t o r i a l 
a n a l y s i s . J. Comp. Fsychol., 32. 

YERKES, R.iW. 1913. Heredity of savageness and wildness i n r a t s . 
j. An i 111. Be ha v., 3 , Ho. 4« 



i i i«, 

MISCELLANEOUS 

LERN2R, I . I I I . 1954. "Genetic Homeostasis". O l i v e r and Boyd. 

L I , C.C. 1955. "Population Genetics". U n i v e r s i t y of Chicago Press. 

MATHER, K. 1949. "Eiometrical Genetics". fcethuen: London. 

PETERS, C.C., and V.;.R. VAN VOORNIS. 1940. " S t a t i s t i c a l Procedures and 
t h e i r Mathematical Ik ses". R'icGraw M i l l , New York and London. 

Sf.'SDSCOR, G.iV. 1946. " S t a t i s t i c a l Methods". Iowa State College Press. 


