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.1. 
INTRODUCTION 

Since Reamur (17^0) recorded that cow droppings 

contained a l a r g e number of d i f f e r e n t types of dipterous l a r v a e 

and reared s e v e r a l s p e c i e s , i n c l u d i n g Mesembrina meridiana and 

Scopeuma s t e r c o r a r i a , numerous s t u d i e s have been conducted on 

f l i e s a s s o c i a t e d with mammalian dung, p a r t i c u l a r l y from c a t t l e , 

(Mellor, 1919; Hammer, 19^1; Coe, 19^2; Mohr, 19^3; Hafez, 19^8, 

19^9; K e t t l e & Lawson, 1952, and Laurence, 195^, 1955). The 

present work i s concerned with c e r t a i n s p e c i e s belonging to the 

family Sphaeroceridae (Borboridae) that frequent dung i n the 

adult stage and whose l a r v a e can a l s o be found i n dung. 

Richards (1930) reviewed the taxonomy of 100 s p e c i e s 

of B r i t i s h Sphaeroceridae and c l a s s i f i e d t h e i r h a b i t a t s . The 

a d u l t s are normally found a s s o c i a t e d with decaying organic 

matter, i n c l u d i n g seaweed, fungi, g r a s s , c a r r i o n , and dung, 

and the l a r v a e appear always to be scavengers. Species are 

not u s u a l l y confined to one h a b i t a t and of the 29 that were 

captured on dung, Richards concluded that "Most of the dung 

haunting s p e c i e s are not r e s t r i c t e d to the dung of any p a r t i c u l a r 

animal", but he observed that c e r t a i n s p e c i e s e x h i b i t d e f i n i t e 

p r e f e r e n c e s for dung from c e r t a i n mammals, or for dung i n a 

p a r t i c u l a r s t a t e , e.g. manure heaps. This work, together with 

that of Hammer (19^1) who studied f l i e s ( i n c l u d i n g sphaerocerids) 

a s s o c i a t e d with pasturing c a t t l e and t h e i r excrement i n Denmark, 
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and Laurence (195^) who c a r r i e d out i n v e s t i g a t i o n s at 

Rothamsted on the l a r v a l i n h a b i t a n t s of cow pats and subsequently 

a l s o published a paper i n 1955 on the ecology of the s p e c i e s of 

Sphaeroceridae he found i n cow pats, has provided the background 

and impetus f or much of the present work. 

The b a s i c approach of Hammer (19^1) and Laurence 

(195^» 1955) was s i m i l a r , i n that they used the 'cow pat* as 

an e c o l o g i c a l u n i t and studied the main groups of f l i e s 

a s s o c i a t e d with i t . Therefore, n e c e s s a r i l y , the information 

they obtained on the sp e c i e s of Sphaeroceridae encountered was 

l i m i t e d by t h i s parameter. To gain f u r t h e r information on the 

wider b i o l o g i c a l spectrum of c e r t a i n s p e c i e s of Sphaeroceridae, 

the a d u l t s of which, although o c c u r r i n g i n cow droppings, are 

i n no way confined to t h i s medium, the present i n v e s t i g a t i o n s 

are almost e n t i r e l y r e s t r i c t e d to 5 s p e c i e s belonging to the 

genus Copromyza 

C . s i m i l i s C o l l i n 

C.equina F a l l e n 

C . h i r t i p e s Robineau - Desvoidy 

C.nigra Meigen 

C . n i t i d a Meigen 

and one of the genus Sphaerocera :- S.subsultans L. 

(Nomenclature a f t e r R i c h a r d s ) . 
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Adults of a l l these s p e c i e s are abundant i n the study area i n 

dung from farm mammals at c e r t a i n times of the year, and t h e i r 

l a r v a e can a l s o be found i n t h i s dung. By concentrating on 

fewer s p e c i e s i t i s p o s s i b l e to provide more q u a n t i t a t i v e data 

on c e r t a i n a s p e c t s of t h e i r biology and to a s s e s s more a c c u r a t e l y 

i n t e r s p e c i f i c d i f f e r e n c e s and s i m i l a r i t i e s . 

I n v e s t i g a t i o n s were c a r r i e d out mainly at Houghall 

A g r i c u l t u r a l College (Houghall farm) Durham from 1964 to 1966 

to estimate the seasonal occurrence of a d u l t s , t h e i r preferences 

for dung from d i f f e r e n t farm mammals, the succession of a d u l t s 

a s s o c i a t e d with the ageing of dung, locomotory a c t i v i t y over 

24 hours, and the i n f l u e n c e of weather conditions on movement. 

The duration of development i n the f i e l d a t d i f f e r e n t times of 

the year was a l s o determined. Laboratory i n v e s t i g a t i o n s were 

conducted on C . s i m i l i s and C.equina, the 2 most anatomically 

and e c o l o g i c a l l y c l o s e l y r e l a t e d s p e c i e s , to provide f u r t h e r 

information on t h e i r breeding biology and behaviour. 

Duda (1923) recorded C . s i m i l i s as commoner i n 

Northern Europe than C.equina, and N i e l s e n , Kingdahl & Tuxen (19^4) 

recorded C . s i m i l i s as common a l l over I c e l a n d , but C.equina as 

r a r e or absent. However, i n Madeira and the Canaries, C.equina 

i s known to occur, but C . s i m i l i s i s not. This suggests that 

where these s p e c i e s occur together the r e l a t i v e abundance of 

C . s i m i l i s compared with C.equina w i l l tend to i n c r e a s e towards 
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the north, or the colder the climate becomes. To determine 

i f t h i s could be demonstrated i n England, a d u l t s were c o l l e c t e d 

monthly over a period of one year a t a lowland s i t e near the 

study area i n Durham, at a lowland s i t e i n Dorset, and at a 

highland s i t e i n the Pennines i n Westmorland (the climate i n 

t h i s l o c a l i t y has been described by Manley (1936) as " s u b - a r c t i c " ) , 

and the r e l a t i v e abundance of the s p e c i e s estimated. 

An important extension of t h i s work was the 

i n v e s t i g a t i o n of chemical a t t r a c t a n t s which provides a valuable 

i n d i c a t i o n of the nature of the v o l a t i l e substances present i n 

dung that a t t r a c t a d u l t sphaerocerids. The method of enquiry 

c o n s i s t e d of a s e r i e s of f i e l d t e s t s , i n which a number of pure 

chemicals, both s i n g l y and i n combination, were exposed. As 

Jacobsen (1966) pointed out, the f i e l d of chemical i n s e c t 

r e p e l l e n t s and a t t r a c t a n t s i s r a p i d l y expanding and although 

much work i s n a t u r a l l y motivated by economic needs, and hence 

u s u a l l y only concerned with i n s e c t s of economic importance, 

i t should not be overlooked that a chemical which remains 

a t t r a c t i v e over, a number of days can be an extremely valuable 

a i d to the i n s e c t e c o l o g i s t , p a r t i c u l a r l y i f h i s work n e c e s s i t a t e s 

trapping. 

Although considerable general information e x i s t s on 

coprophilous sp^aerocerids, q u a n t i t a t i v e data i s almost e n t i r e l y 

r e s t r i c t e d to s p e c i e s a s s o c i a t e d with c a t t l e droppings. The 

present work was c a r r i e d out to provide f u r t h e r information, 
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q u a n t i t a t i v e where p o s s i b l e , on these common and abundant 
members of the dung fauna. P a r t i c u l a r a t t e n t i o n was paid to 
annual v a r i a t i o n s i n the number of a d u l t s a t t r a c t e d to the dung 
of farm animals, the e f f e c t s of ageing of dung on a t t r a c t i v e n e s s , 
and the chemicals r e s p o n s i b l e f o r t h i s a t t r a c t i o n . . 
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I . BREEDING BIOLOGY AND HABITS OF C.SIMILIS AND C.EQUINA 

(1) BREEDING TECHNIQUES 

A f u l l e r understanding of the breeding biology and 

h a b i t s of C . s i m i l i s and C.equina could be obtained only by 

e s t a b l i s h i n g l a b o r a t o r y c u l t u r e s . Richards (1930) found 

both s p e c i e s to be common i n horse dung and tlhis was a l s o 

the case around Durham. Adults were r e a d i l y obtained from 

f r e s h horse dung usin g an a s p i r a t o r and often l a r g e numbers 

emerged from samples of t h i s dung kept i n the l a b o r a t o r y . 

The i d e n t i f i c a t i o n and separation of a d u l t s of these s p e c i e s 

was only p o s s i b l e a f t e r a n a e s t h e t i z a t i o n with ether. The 

m a j o r i t y of i n d i v i d u a l s t r e a t e d i n t h i s manner recovered and 

could be used for breeding. 

A. Breeding Media 

Freeden & Taylor (1964) cul t u r e d the small sphaerocerid 

Leptocera caenosa (Rondani) from egg to adult i n various 

o r g a n i c a l l y r i c h media, u s u a l l y autoclaved horse or sheep manure. 

C.equina and C . s i m i l i s T h o w e v e r i f a i l e d to o v i p o s i t i n autoclaved 

horse dung, although they are known from the present work to 

breed i n horse dung i n the f i e l d . This may be due to the l o s s 

of the c h a r a c t e r i s t i c f r e s h dung odour during a u t o c l a v i n g . The 

problem of k i l l i n g any sphaerocerid eggs or l a r v a e present i n 

the samples,while s t i l l r e t a i n i n g the a t t r a c t i v e odour, was 

overcome by s e a l i n g the samples i n polythene bags and s u b j e c t i n g 

them to below -30°C i n a deep freeze for s e v e r a l days. Eggs and 

l a r v a e t r e a t e d i n t h i s manner always f a i l e d to s u r v i v e . 



B. . Breeding c o n t a i n e r s 

Breeding c o n t a i n e r s were constructed from t i n s 

measuring 22x22x23cm. With the top of the t i n removed and 

the open end upwards, the whole of the front was cut away, 

except for a 1cm wide framework,and a c i r c u l a r hole 15cm i n 

diameter was a l s o cut i n one s i d e . A muslin sleeve v/as f i x e d 

around the c i r c u l a r hole and the f r o n t and top covered with 

polyglaze.. The breeding medium on a p e t r i d i s h was introduced 

i n t o the cage through the muslin sleeve which could be closed 

by a s p r i n g c l i p . -

I t was e a s i l y p o s s i b l e to maintain the high humidity 

that sphaerocerids p r e f e r by p l a c i n g f i l t e r papers on the f l o o r s 

of the c o n t a i n e r s and o c c a s i o n a l l y dampening them with a few 

drops of water. Condensation had to be avoided as the f l i e s 

were e a s i l y trapped or damaged by drops of water on the s i d e s 

of the c o n t a i n e r s . 

C. Procedure for breeding 

Fresh pre-frozen horse dung i n p e t r i d i s h e s was 

normally placed i n the containers each day. At the same time 

any old dung was removed and e i t h e r discarded or kept under 

observation i n muslin topped j a r s . 

Goddard (1938) experienced d i f f i c u l t y i n c u l t u r i n g 

a d u l t s of c e r t a i n Sphaeroceridae. This he a t t r i b u t e d to the 

presence of fungi and nematodes i n the tubes he used. The 

nematodes destroyed l a r v a e , pupae, and o c c a s i o n a l l y a d u l t s . 
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These problems were not encountered i n the present work, 

probably due to the l a r g e r breeding co n t a i n e r s and the d a i l y 

removal of dung i n t o muslin topped emergence j a r s . 

(2) FEEDING BEHAVIOUR AND FOOD CHOICE 

Richards (1930) recorded that "C.equina i s the 

commonest s p e c i e s i n horse dung, but i s a l s o found more r a r e l y 

on that of cows and dogs and on c a r r i o n " , while he s t a t e s that 

" C . s i m i l i s i s a l s o common on horse dung, but i s not n e a r l y so 

much confined to i t as C.equina. I t i s a l s o found on cow- and 

human-dung". Rabbit burrows and mouse runs are a l s o given as 

pl a c e s where C . s i m i l i s occurs. Goddard (1938) found C.equina 

i n decaying lawn mowings, cow and sheep dung, while C . s i m i l i s 

was found i n cow and deer dung. 

To determine i f C . s i m i l i s and C.equina a d u l t s e x h i b i t 

preferences for c e r t a i n media, the following -were compared under 

l a b o r a t o r y conditions :- f r e s h pig, sheep, cow, r a b b i t , and 

horse dung ( c o l l e c t e d i n the f i e l d ) , vole and mouse dung (obtained 

from l a b o r a t o r y animals), decaying grass c u t t i n g s (from compost 

heaps), and dead mice. Each type of dung was c o l l e c t e d from a 

number of animals and w e l l mixed to reduce any chance of 

v a r i a b i l i t y between i n d i v i d u a l samples. The samples, i n sealed 
o 

polythene bags, were subjected to below -30 C for s e v e r a l days to 

destroy any sphaerocerid eggs present. The mouse c a r c a s s e s were 

allowed to decay for a few days before f r e e z i n g . 
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A. Separate exposure of media 

Samples of the d i f f e r e n t types of media were 

s e p a r a t e l y exposed to laborat o r y c u l t u r e s of both s p e c i e s . 

After 2^hrs the samples were removed, examined, and r e t a i n e d 

i n muslin topped j a r s . A l l the media were exposed s e v e r a l 

times i n t h i s way to both s p e c i e s . A high humidity i n the 

cages and a laborat o r y temperature of approximately 20°C were 

maintained throughout the i n v e s t i g a t i o n s . 

Both s p e c i e s were observed feeding on a l l the d i f f e r e n t 

types of media, although to a l e s s e r extent on mouse, mole, and 

ra b b i t dung, and f a r l e s s on decaying grass c u t t i n g s and c a r c a s s e s . 

B. Multiple exposure of media (observations on 

a l l samples) 

A d i r e c t comparison between the preferences of C . s i m i l i s 

and C.equina for c e r t a i n media could be made only by simultan

eously exposing a number of samples to each s p e c i e s . To 

f a c i l i t a t e t h i s , a l a r g e observation cage was constructed, 

7^cm i n height x 51cm x 36cm, from a galvanized metal frame 

completely covered with polyglaze except for a muslin s e c t i o n 

i n one s i d e . Entrance was gained through a c i r c u l a r hole, 

diameter l8cm,in the muslin s e c t i o n , surrounded by a muslin 

sl e e v e which could be closed by a c l i p . The f l o o r was covered 

by damp f i l t e r papers to maintain a high humidity and to a i d 

observation. The f l o o r was w e l l i l l u m i n a t e d from above by a 

f l u o r e s c e n t l i g h t and from high up on two s i d e s by 60 watt bulbs 

d i r e c t e d downwards. A laboratory temperature of approximately 
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20°C was maintained during the observations. 

At the onset of the i n v e s t i g a t i o n s , 500 a d u l t s from 

1 - 2 weeks old were r e l e a s e d i n t o the cage at 17.00hrs and 

then l e f t without food overnight. At lO.OOhrs the fo l l o w i n g 

day, samples of cow, sheep, p i g , and horse dung, smoothly spread 

i n p e t r i d i s h es, were placed, one i n each corner of the cage. 

The numbers present on each sample were counted at 5min i n t e r v a l s 

over a k^raln period. Although there was considerable a c t i v i t y , 

with the f l i e s both f l y i n g and walking on to the dung, the good 

i l l u m i n a t i o n and smoothness of the dung s u r f a c e s enabled 

reasonably accurate counts to be made. 10 r e p e t i t i o n s were 

c a r r i e d out with the p o s i t i o n s of the samples being a l t e r e d i n 

r e l a t i o n to the corners they occupied, thus reducing any e r r o r s 

that may have occurred through a p a r t i c u l a r p o s i t i o n being more 

or l e s s favourable. 

There was an inherent d i f f i c u l t y i n the method of 

s t a r v i n g the c u l t u r e s . After each t e s t i t was necessary to 

leave the dung i n the cage for a c e r t a i n length of time to 

avoid subsequent deaths due to s t a r v a t i o n . The length of 

time that the dung had to be kept i n the cage to ensure s u r v i v a l , 

yet p a r t i a l s t a r v a t i o n , could be found only by t r i a l and e r r o r . 

Even i f the dung was l e f t i n the cage for a s p e c i f i c period such 

as l h r , t h i s did not ensure that the l e v e l of s t a r v a t i o n the 

next day would be the same. Thus i t was necessary to make a 
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s u b j e c t i v e d e c i s i o n on the period of feeding a f t e r each t e s t , 

and consequently there were large d i f f e r e n c e s in the numbers 

of a d u l t s that were recorded on the samples of dung from t e s t 

to t e s t . In f i g . l the t o t a l number of a d u l t s of C . s i m i l i s 

and C.equina recorded on samples of cow, sheep, p i g , and horse 

dung at each of 9 counts at 5min i n t e r v a l s (10 r e p l i c a t e s ) are 

shown. I n d i v i d u a l s of both s p e c i e s invaded the dung w i t h i n a 

few seconds of exposure, and t h i s i s r e f l e c t e d by the high 

f i r s t counts ( f i g . l ) . The t o t a l number of a d u l t s present on 

the samples rose r a p i d l y over the f i r s t lOmihs (2 counts), and 

then moved slowly to reach a maximum a f t e r 20mins counts) 

for both s p e c i e s . Over the remaining exposure time, there 

was a gradual decrease i n the numbers present on the dung sampl 

although there was a s l i g h t i n c r e a s e from the seventh to the 

eighth count (35-^Omins). 

In Table 1 the mean number of a d u l t s of C . s i m i l i s 

and C.equina recorded on samples of cow, sheep, pig, and horse 

dung at each of 9 counts at 5min i n t e r v a l s (10 r e p l i c a t e s ) i s 

shown. The great v a r i a b i l i t y i n the number of a d u l t s recorded 

at each count i s due to unavoidable d i f f e r e n c e s i n the l e v e l s 

of s t a r v a t i o n of the c u l t u r e s and hence the number of a d u l t s 

that were a t t r a c t e d to feed on the samples of dung from t e s t 

to t e s t . Thus, for C.equina feeding on horse dung, the 9 

counts f o r the f i r s t t e s t were 56, 80, 90, 90, 90, 80, 75, 66, 

as compared with 22, 32, 35, 36, 40, 37, kO, Mf, 35, for the 

fourth t e s t . 



F I G . l . Total numbers of C. s i m i l i s and C.equina adults recorded 

at each of 9 counts at 5min in t e r v a l s (10 r e p l i c a t e s ) 

on cow, sheep, pig, and horse dung 
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From Table 1 i t can be seen that the r i s e and f a l l 

i n the number of a d u l t s of each s p e c i e s present on the i n d i v i d u a l 

samples of dung follows a s i m i l a r pattern to that shown i n f i g . l , 

with a r a p i d r i s e during the f i r s t 5mins to reach a maximum 

wit h i n 30mins (6 counts), except for C . s i m i l i s on cow dung where 

the maximum was a t t a i n e d a f t e r ^5mins (9 co u n t s ) . 

The r a p i d i t y with which each s p e c i e s invaded the 

vario u s dung samples can be compared by expressing the mean 

f i r s t count on each sample as a r a t i o of the mean maximum 

count recorded on that sample (Table 2 ) . The r a t i o s f o r 

C.equina were higher and l e s s v a r i a b l e (o.62:l - 0.67:1) than 

for C . s i m i l i s (0.^5:1 - 0.53:1) i n d i c a t i n g a more rapid i n v a s i o n 

r a t e i n the former. 
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TABLE 2. The mean number of a d u l t s present on dung samples 

from 10 r e p l i c a t e s of 9 counts a t 5min i n t e r v a l s 

(500 a d u l t s present for each r e p l i c a t e ) 

C.equina Time taken 
reach mean 

Mean No. Mean No. Mean 1 s t count max. count 
1st count Max. count Mean Max. count Mins 

Cow dung 6.9 10.3 0.67 20 

Sheep " 16.0 24.2 0.67 25 

Pig " 51.1 75-1 0.68 30 

Horse " 47.9 77.1 0.62 20 

G . s i m i l i s 

Cow dung 5.8 12.8 0.45 45 

Sheep " 14.0 26.3 0.53 20 

Pig " 28.0 55.4 0.51 20 

Horse " 40.2 78.9 0.51 30 

to 
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In Table 3-i« the t o t a l number of a d u l t s of each 
s p e c i e s recorded on samples of cow, p i g , sheep, and horse dung 
i n 90 counts i s shown. From these r e s u l t s X ^ values have 
been c a l c u l a t e d and are shown i n Table 3 . i i . I t can be seen 
from Table 3 that C . s i m i l i s i s s i g n i f i c a n t l y more a t t r a c t e d to 
horse dung than cow, sheep, and pig dung, while p i g dung i s 
s i g n i f i c a n t l y more a t t r a c t i v e than e i t h e r sheep or cow dung. 
Sheep dung i s a l s o s i g n i f i c a n t l y more a t t r a c t i v e than cow dung. 
The X values for C.equina are s i m i l a r to those for C . s i m i l i s 
except that there i s no s i g n i f i c a n t d i f f e r e n c e between the 
a t t r a c t i v e n e s s of pig and horse dung. 

TABLE 3»i. T o t a l number of a d u l t s of C . s i m i l i s and C.equina 

recorded on samples of cow, pig, sheep, and horse 

dung i n 9 counts at 5min i n t e r v a l s (10 r e p l i c a t e s ) 

Cow dung Sheep dung Pig dung Horse dung 

C.equina 8lk 1713 5908 58O3 

C . s i m i l i s 8 l8 1758 3916 5822 
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TABLE 3 . i i . % values have been c a l c u l a t e d on the t o t a l 
number of a d u l t s recorded on each dung sample, 
using a n u l l hypothesis that the d i s t r i b u t i o n 

of a d u l t s between the samples compared i s e q u a l i t y 

Dung samples compared G.equina C . s i m i l i s 

p. x 2 p. 

Cow and sheep 100+. < 0.001 100+. < 0,001 

Cow and p i g 100+ < 0.001 100+ < 0.001. 

Cow and horse 100+ <. 0.001 100+ <0.001 

Sheep and pig 100+ < 0.001 100+ < 0.001 

Sheep and horse 100+ < 0.001 100+ < 0.001 

Pig and horse 0.3 >0.5 100+ < 0.001 

Richards (193°) r e p o r t s C.equina as being more 

r e s t r i c t e d to horse dung than C . s i m i l i s , but from these r e s u l t s 

i t would appear that, as f a r as feeding i s concerned,pig dung i s 

j u s t as a t t r a c t i v e to C.equina as horse dung, while i t i s 

s i g n i f i c a n t l y l e s s a t t r a c t i v e to C . s i m i l i s . 

Both s p e c i e s e x h i b i t e d d e f i n i t e preferences f o r 

c e r t a i n media, and by expressing the numbers recorded on each 

sample as a percentage of the t o t a l numbers recorded at that 

count, the c o n s i s t e n c y of these preferences over ^ m i n s can be 

compared (see Table 4 ) . 
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TABLE 4. The t o t a l number of a d u l t s recorded on each type of 

dung at a p a r t i c u l a r count expressed as a percentage 

of the t o t a l number recorded on a l l the samples at that 

time (10 r e p l i c a t e s of 9 counts at ^m±n i n t e r v a l s ) 

C.equina N u m b e r 0 f C 0 u n t 

Type of 
8 dung 2 3 4 5 6 7 8 9 Mean 5 

Cow 5.7 6.0 5.7 5.6 5.8 6.2 6.0 5.0 5.4 5.7 

Sheep 13.1 11.2 12.7 12.5 13.6 11.3 10.2 10.6 12.9 12.0 

Pig 41.9 44.6- 40-. 8 39.8 38.2 45.3 41.3 39.3 42.9 41.5 

Horse 39.3 38.2 40.8 42.1 42.4 37.2 42.5 42.5 38.8 40.8 

C . s i m i l i s 

Cow 6.6 5.2 6.1 6.4 4.5 5.9 7.7 8.1 9.8 6.6 

Sheep 15.9 14.3 14.0 16.2 16.9 13.9 14.0 12.6 10.4 14.3 

Pig 31.8 36.7 35.0 34.2 29.7 29.1 28.8 29.2 30.8 31.8 

Horse 45.7 43.8 44.9 43.2 48.9 51.1 49.5 50.1 48.9 47.3 

"With C.equina there was very l i t t l e v a r i a t i o n over the exposure 

time. Thus, for the number of i n d i v i d u a l s on cow dung, the 

mean over the 9 counts was 5.7%, and the d i f f e r e n c e between the 

minimum and maximum percentage was 1.2%. For sheep, pig, and 

horse dung, the means were 12 .0%, 41 .5%, 40.8%, and the 

d i f f e r e n c e s were 3.4%, 6.4%, and 6.9% r e s p e c t i v e l y . The r e s u l t s 

for C . s i m i l i s were l e s s c o n s i s t e n t , p a r t i c u l a r l y for cow and sheep 

dung. These had means of 6.6% and 14 .3%, and d i f f e r e n c e s of 
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5.^>i and 5«5% r e s p e c t i v e l y . However, the maximum value for 

cow dung, 9.8%, was s t i l l l e s s than the minimum for sheep dung 

of 10.k%. The r e s u l t s obtained for p i g and horse dung were 

l e s s v a r i a b l e , with means of 31.8% and 41.3% r e s p e c t i v e l y , and 

the d i f f e r e n c e for both was 7.9%. On the whole, both s p e c i e s 

showed c o n s i s t e n t preferences for c e r t a i n media over the 45mins, 

although i t was l e s s marked with C . s i m i l i s than C.equina. From 

these r e s u l t s i t can be concluded that there was no change i n 

the r e l a t i v e a t t r a c t i v e pov/ers of the media over ^ m i n s time. 

C. Multiple exposure of media (observations on a 

s i n g l e sample) 

The number of i n d i v i d u a l s recorded at a p a r t i c u l a r count 

was not only dependent upon the numbers that had come on to the 

dung, but a l s o upon the time they remained. By p l a c i n g the 

k dung samples (horse, cow, sheep, and pig) i n p o s i t i o n as 

before, but r e s t r i c t i n g the observations to one p a r t i c u l a r dung 

sample, i t was p o s s i b l e to count the numbers coming on to the 

samples i n 5mins and the numbers that were present at the end 

of t h i s period. One s e t of nine 5min counts was c a r r i e d out 

f o r C . s i m i l i s and C.equina on each of the k types of dung. 

The number of a d u l t s that are present at the end of any 5min 

period i s equivalent to the number present at the s t a r t of the 

next 5win period. Thus, the number of a d u l t s present at both 

the beginning and end of a 5min period, and the number of a d u l t s 
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that have come on. to the dung during t h i s period, are known. 
Therefore, the number l e a v i n g i n 5mins ( E ) can be c a l c u l a t e d 
as follows :-

No. of a d u l t s present on dung at s t a r t of a 5min period = N^(e.g.20) 

" " " " " " " end " " " " = N 2 ( e . g . l 0 ) 

No. of a d u l t s a r r i v i n g on dung 1st ^mln period = 1^ 

" " " " " " 2nd 5min " = I 2 ( e . g . 4 0 ) 

No. of a d u l t s that l e f t the dung i n ^m±n period ( E ) = 

N 1(20) + I(kO) - N 2(10) = 50 

The average time ( t ) an i n d i v i d u a l remains on the dung i n Tmins 

(e.g. 1 s t lOmins) can be c a l c u l a t e d as follows :-

No. of a d u l t s present at the end of the 1 s t 5mins = 1 s t N 2(e.g.lO) 

" " " *' " " " " " 2nd " = 2nd N 2(e.g.20) 

Mean N 2 = 1 s t N 2(10) + 2nd N 2(20) = 15 f l i e s 

2 

Total No. of a d u l t s (Y) that have come on to dung i n 

Tmins (10) = I ^ e . g . 2 0 ) + I 2 ( 3 0 ) = 50 

t = Mean value of N 2(15) x T(10) 

Y(50) 

= 3mins 
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TABLE 5 . i . Number of a d u l t s of C.equina recorded coming on to 

samples of Dung ( I ) during nine 5min periods and the 

number l e f t on at the end of each period (N,,). The 

number l e a v i n g ( E) and the t o t a l movement during a 

period ( I + E) have been c a l c u l a t e d (see text for details) 
Copromyza equina 5min periods 

Cow dung 1 2 3 4 5 6 7 8 9 To t a l no,that came 
i n 45mins 

(N 2) 6. 7 8 .11 7 9 10 12 11 32 
( I ) 8 6 4 3 2 3 2 1 2 
(E ) 2 5 3 0 6 1 1 0 3 
( I + E) 10 11 7 3 8 4 3 1 5 

Sheep dung 
(N 2) 14 18 20 24 26 19 17 17 16 59 
( I ) 20 12 6 8 5 4 2 1 1 
( E ) 6 8 4 4 3 11 4 1 2 
( I + E) 26 20 10 12 8 15 6 2 3 

Pig dung 
(N 2) 50 65 72 74 65 70 60 54 52 309 
( I ) 80 65 30 32 40 50 10 2 0 
(E) 30 50 23 30 49 45 20 8 2 
( I +. E) 110 115 53 62 89 95 30 10 2 

Horse dung 
(N 2) 44 62 64 73 79 61 73 65 58 315 
( I ) 60 57 50 60 35 20 22 8 3 
( E ) 16 39 48 51 29 38 10 16 10 
( I 1- E) 76 96 98 111 64 58 32 24 13 
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TABLE 5 . i i . 

Copromyza s i m i l i s 5min periods 

Cow dung 1 2 3 ^ 5 6 7 8 9 T o t a l no.that came on 
i n 45mins 

(N. ) 7 9 10 10 8 8 9 10 10 29 

( I ) 8 5 2 4 3 2 2 2 1 

(E) 1 3 1 4 5 2 1 1 1 

( I +- E.) 9 8 3 8 8 4 3 3 2 

Sheep dung 

(N ) 8 16 14 23 27 22 28 34 38 122 

CD 13 14 4 18 16 10 15 18 14 

(E) 5 6 6 9 12 15 9 12 10 

( I + E) 18 20 10 27 28 25 24 30 24 

Pig dung 

(N ) 10 26 39 45 39 39 38 55 50 187 

(D 13 32 33 36 22 17 11 21 2 

(E). 3 16 20 30 28 17 12 4 7 

( I + E ) 16 48 53 66 50 34 23 25 9 

Horse dung 

(N X 25 40 47 60 75 77 73 64 55 318 

CD 35 55 40 67 50 33 20 10 8 

(E) 10 4o 33 54 35 31 24 19 17 

( I M- E ) 45 95 73 121' 85 64 44 29 25 
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(a) I n v a s i o n r a t e (Number of a d u l t s coming on to dung) 

I t can be seen from Table 5 that C.equina again 

e x h i b i t e d the more r a p i d i n v a s i o n r a t e with maximum numbers 

invading the dung during the f i r s t 5mins;. with C . s i m i l i s 

t h i s occurred only on cow dung. With C.equina there was a 

marked decrease i n the. i n v a s i o n r a t e over the l a s t 15mins;, 

only 18.8%, 7.0$, 3.9%, and 10.^% of the t o t a l numbers that 

came on to cow, sheep, pig, and horse dung r e s p e c t i v e l y did 

so i n t h i s p e riod. The equivalent r e s u l t s for C . s i m i l i s on 

to cow, sheep, p i g , and horse dung were 17.^-%, 3^»^%, l 8 . 9 % j 

and 12.0% r e s p e c t i v e l y . Thus, with C . s i m i l i s there was a 

l e s s pronounced decrease i n the i n v a s i o n r a t e , and on to sheep 

dung there was i n f a c t an i n c r e a s e . 

(b) Emigration r a t e (Number of a d u l t s l e a v i n g dung) 

The maximum numbers of C.equina a d u l t s emigrating i n 

5 minute periods were recorded on the f i f t h , s i x t h , f i f t h , and 

£burth counts from cow, sheep, p i g , and horse dung r e s p e c t i v e l y , 

and with C . s i m i l i s on the f i r s t , f ourth, s i x t h , and fourth counts 

from the same samples. The emigration r a t e f o r C.equina a l s o 

showed a marked decrease over the l a s t 15mins of the exposure 

time. Thus, only 19.0%, 6.8%, 11.7%, and 1^.0% of the t o t a l 

numbers l e a v i n g cow, sheep, pig, and horse dung r e s p e c t i v e l y 

did so i n t h i s p e riod. The degree of reduction was again l e s s 

marked with C . s i m i l i s . a s the equivalent r e s u l t s of 15.8%, 25.^%, 

12.8%, and 22.8% for the same samples showed. 



.23. 

C . s i m i l i s e x h i b i t e d a more g r a d u a l i n c r e a s e and decrease 
i n a c t i v i t y ( t h e number o f i n d i v i d u a l s moving on t o and o f f a 
sample) over t h e A-fjmins than C.equina. C.equina was most a c t i v e 
i n t h e f i r s t 15mins o f the exposure time and l e a s t a c t i v e i n t h e 
l a s t 15mins, w h i l e C . s i m i l i s was most a c t i v e i n the second 15mins 
o f t h e exposure time (Table 5 ) . 

( c ) The average t i m e i n d i v i d u a l s remained on t h e dung 

The average time an i n d i v i d u a l remained on a sample a t 

any one time has been e s t i m a t e d f o r the p e r i o d s 0-15mins, 

0-30mins, and O-^mins (Table 6 ) . 

TABLE 6. The e s t i m a t e d average time an i n d i v i d u a l remains on a 

sample o f dung a t any one t i m e , c a l c u l a t e d from t h e 

r e s u l t s i n Table 5 ( f o r method see page 19) 

C.equina „ ,. _ n 3 Exposure t i m e o f samples 
Average time i n mins 0 - l ^ m i n s 0 - 30mins 0 - Admins 
on - Cow dung 5.8 9.2 12.7 

Sheep " 6.8 11.0 Ik.3 

P i g " 5.3 8.0 9.1 
Horse " 5.0 6.8 9.2 

C . s i m i l i s 
Cow dung 8.7 10.8 lk.0 

Sheep "• 6.1 7.3 8.6 
P i g " **.8 6.5 9.1 
Horse " if.3 5.8 8.1 

As t h e r e tended t o be a r e d u c t i o n i n a c t i v i t y w i t h an 

i n c r e a s e i n exposure t i m e , c o n s e q u e n t l y t h e r e was an i n c r e a s e 
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i n t h e average time an i n d i v i d u a l remained. T h i s i n c r e a s e 

was s i m i l a r f o r b o t h s p e c i e s on cow, p i g , and horse dung, but 

on sheep dung the i n c r e a s e i s f a r g r e a t e r f o r C.equina ( f r o m 

6.8mins i n the 1st t h i r d t o l^f.^mins i n the l a s t ) , as opposed 

t o 6.1mins t o 8.6mins f o r C . s i m i l i s . T h i s r e f l e c t s a f a r 

more u n i f o r m a c t i v i t y over the exposure p e r i o d i n the l a t t e r . 

I n d i v i d u a l s o f C.equina remained f o r s h o r t e r p e r i o d s on 

the samples v/ i t h the h i g h e s t d e n s i t i e s . Thus, on p i g and horse 

dung w i t h h i g h average d e n s i t i e s , the e s t i m a t e d average t i m e s 

over ^ m i n s were 9.1mins and 9.2mins r e s p e c t i v e l y , as opposed 

t o 12.7mins and l ^ f ^ n i i n s on the low d e n s i t y cow and sheep dung. 

I t seems probable t h a t these d i f f e r e n c e s are produced by crowding 

a t h i g h d e n s i t i e s , c a u s i n g i n d i v i d u a l s t o be d i s t u r b e d and t o 

lea v e the dung, thus r e d u c i n g the average t i m e , r a t h e r than by 

some i n h e r e n t d i f f e r e n c e i n the r e a c t i o n o f t h i s s p e c i e s t o the 

samples.. S i m i l a r r e s u l t s were o b t a i n e d f o r C . s i m i l i s v / i t h low 

average times o f 9.1mins and S.lmins on p i g and horse dung, 

compared w i t h l^.Omins on the low d e n s i t y cow dung. The 

e s t i m a t e d average time on sheep dung o f 8.6mins was l e s s than 

expected from the mean d e n s i t y f b u t t h i s may have been due t o 

the more u n i f o r m a c t i v i t y on t h i s sample n o t a l l o w i n g the f l i e s 

t o become s e t t l e d . The average time i n d i v i d u a l s spent on a l l 

the samples over the ̂ m i n s , e s t i m a t e d from the t o t a l numbers 

o f 715 f o r C.equina and 656 f o r C . s i m i l i s , were 9.7mins and 

8.7mins r e s p e c t i v e l y . T h i s d i f f e r e n c e would have been reduced 
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i f t he r e s u l t s f o r C . s i m i l i s on sheep dung had f o l l o w e d t h e 

same p a t t e r n as on t h e o t h e r samples. 

D. Combination o f r e s u l t s from B and C 

The r e s u l t s o b t a i n e d from o b s e r v a t i o n s on a s i n g l e sample 

d u r i n g m u l t i p l e exposure can be used t o i n t e r p r e t those from 

o b s e r v a t i o n s on a l l samples d u r i n g m u l t i p l e exposure. The 

t o t a l number o f i n d i v i d u a l s r e c o r d e d from o b s e r v a t i o n s on a l l 

t h e samples i n 90 counts were 1^,238 f o r C.equina and 12,31^ 

f o r C . s i m i l i s . . At each count t h e r e were 500 i n d i v i d u a l s 

p r e s e n t i n the cage and t h e r e f o r e the maximum t h a t c o u l d have 

been r e c o r d e d was 500 x 90 = ^5,000. Assuming 100% o f t h e 

f l i e s v i s i t e d the dung once i n a ^5min p e r i o d , the average 

time an i n d i v i d u a l remained would have been :-

However, t h e r e s u l t s o b t a i n e d from o b s e r v a t i o n s on a s i n g l e 

sample i n d i c a t e d t h a t an i n d i v i d u a l o f e i t h e r s p e c i e s would 

8.7mins f o r C . s i m i l i s ) . T h i s suggests t h a t some i n d i v i d u a l s 

must have v i s i t e d the dung more t h a n once d u r i n g the ̂ 5mins, 

The d i f f e r e n c e between the t o t a l numbers r e c o r d e d f o r 

C.equina o f 1^,238 i n d i v i d u a l s and the 12,31^ f o r C . s i m i l i s 

was p r o b a b l y due t o t h e more r a p i d i n v a s i o n r a t e i n t h e former 

1^238 
^5000 x k5 1^.2mins f o r C.equina 

1 2 3 3 A x k5 ^5000 12.3mins f o r C . s i m i l i s 

remain f o r a p p r o x i m a t e l y 9mins (9.7mins f o r C.equina, and 
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and c o n s e q u e n t l y a g r e a t e r number would v i s i t t h e dung i n t h e 

k^mln p e r i o d s . The r a t e o f i n v a s i o n i s dependent upon t h e 

degree o f s t a r v a t i o n o f the f l i e s , and as o n l y one c u l t u r e o f 

each s p e c i e s was used on c o n s e c u t i v e days d u r i n g the i n v e s t i g a t i o n s , 

i t i s p o s s i b l e t h a t t h e d i s c r e p a n c y may have been due s i m p l y t o 

the c u l t u r e o f C.equina b e i n g more s t a r v e d t h r o u g h o u t . 

E. A d d i t i o n a l food c h o i c e o b s e r v a t i o n s 

F u r t h e r i n v e s t i g a t i o n s on f o o d choice were c a r r i e d o ut by 

s e p a r a t e l y s u b s t i t u t i n g samples o f mouse, v o l e , and r a b b i t dung, 

carcasses and decaying grass f o r cow dung. The same procedure 

was f o l l o w e d as b e f o r e w i t h the m u l t i p l e exposure o f media and 

o b s e r v a t i o n s on a l l samples. However, i t soon became apparent 

t h a t these media were v i r t u a l l y u n a t t r a c t i v e i n the presence o f 

p i g , sheep, and horse dung. A p a r t from b e i n g v i s i t e d by t h e 

odd i n d i v i d u a l , v o l e , mouse, and r a b b i t dung remained almost 

u n a t t r a c t i v e , even when exposed w i t h 3 samples o f cow dung. 

I t seems p r o b a b l e t h a t i n the f i e l d these media would be o n l y 

m a r g i n a l l y a t t r a c t i v e , e x c e p t when t h e r e was a shortage or absence 

o f a v a i l a b l e cow, sheep, p i g , and horse dung i n a p a r t i c u l a r a r e a . 

(3) OVIPOSITION IN DIFFERENT MEDIA 

To determine i f C . s i m i l i s and C.equina e x h i b i t s i m i l a r 

p r e f e r e n c e s f o r egg l a y i n g as t h e y d i d f o r f e e d i n g , the 

f o l l o w i n g procedure was c a r r i e d o u t . The samples o f d i f f e r e n t 

media t h a t had been s e p a r a t e l y exposed f o r 2^fhr p e r i o d s i n t h e 

f e e d i n g experiments were examined f o r eggs and p l a c e d i n m u s l i n 
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topped j a r s a t 15°C. ( T h i s t e m p e r a t u r e i s known t o f a c i l i t a t e 

s u c c e s s f u l development). These samples were k e p t under d a i l y 

o b s e r v a t i o n f o r 28 days, which i s l o n g e r than the d u r a t i o n o f 

development o f b o t h species a t 15°C (see S e c t i o n I , 5 A ) , and 

any a d u l t s t h a t emerged were r e c o r d e d . 

A d u l t s o f b o t h species emerged o n l y from samples o f cow, 

sheep, p i g , and horse dung, and as no eggs were d e t e c t e d i n 

the o t h e r samples, i t can be concluded t h a t o v i p o s i t i o n o c c u r r e d 

o n l y i n cow, sheep, p i g , and horse dung. These experiments 

were c a r r i e d out t o determine whether or n o t o v i p o s i t i o n t o o k 

p l a c e i n a p a r t i c u l a r medium, and d i r e c t q u a n t i t a t i v e comparisons 

cannot be made when the media are exposed s e p a r a t e l y . 

A d i r e c t comparison was made between cow, sheep, p i g , 

and horse dung by s i m u l t a n e o u s l y exposing a sample o f each f o r 

24hrs t o a mature c u l t u r e o f one spe c i e s i n the l a r g e o b s e r v a t i o n 

cage. The samples o f dung were p l a c e d i n p e t r i d i s h e s so as t o 

resemble as c l o s e l y as p o s s i b l e t h e way i n which dung occurs 

n o r m a l l y i n the f i e l d . O v i p o s i t i o n may have been i n h i b i t e d 

i f t he samples had been smoothly spread,as they were i n the. 

food c h o i c e e x p e r i m e n t s . At the end o f t h e 2^-hr p e r i o d s the. 

samples were removed, p l a c e d i n m u s l i n topped j a r s a t 15°C f o r 

28 days, and any emergences t h a t o c c u r r e d were r e c o r d e d . 

The numbers o f a d u l t s t h a t emerged from the sample o f 

cow, sheep, p i g , and horse dung are shown i n Table 7. 
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TABLE 7. The number o f a d u l t s o f C . s i m i l i s and C.equina t h a t 

emerged from p i g , cow, sheep, and horse dung. The 

% v a l u e s have been c a l c u l a t e d on t h e number o f a d u l t s 

t h a t emerged from the dung samples, u s i n g a n u l l , hypothe 

t h a t the d i s t r i b u t i o n o f a d u l t s between the samples 

compared i s e q u a l i t y 

Type o f dung 

Sheep P i g Horse 

C . s i m i l i s 

No.of a d u l t s emerging 

C.equina 

No.of a d u l t s emerging 

Cow 

0 

0 

9<+ 

130 

C . s i m i l i s 

Dung compared 

Sheep and p i g 

Sheep and horse 

Horse and p i g 

p. X 

256 

3^9 

C.equina 

2 

304 

367 

P. 

75.0 <0.001 99.0 <0.001 

100+ (0.001 100+ <0.001 

4.1 <0.05 0.45 >0.5 

There were no emergences r e c o r d e d from cow dung f o r b o t h s p e c i e s , 

nor were any eggs d e t e c t e d a f t e r the dung had been exposed t o the. 

c u l t u r e s . I t can be seen from Table 7 t h a t horse dung was 

s i g n i f i c a n t l y more a t t r a c t i v e t o C.similis than e i t h e r sheep or 

p i g dung, w h i l e p i g dung was more a t t r a c t i v e t h a n sheep dung. 

The r e s u l t s f o r C.equina were s i m i l a r , but t h e r e was no 

s i g n i f i c a n t d i f f e r e n c e between the a t t r a c t i v e n e s s o f horse and 

p i g dung. 
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The number o f a d u l t s t h a t emerged from a sample 

cannot be equated w i t h the number o f eggs l a i d i n i t , due t o 

the unknown m o r t a l i t y d u r i n g development. P r e v i o u s r e s u l t s 

had i n d i c a t e d t h a t t h e m o r t a l i t y i n sheep dung was s l i g h t l y 

h i g h e r than i n p i g and horse dung, but n o t s u f f i c i e n t l y t o 

s i g n i f i c a n t l y a f f e c t the r e s u l t s . 

(k) MATING, OVIPOSITION AND EGGS 

A. C o p u l a t i o n 

P r i o r t o c o p u l a t i o n the males c o u l d be observed 

d a r t i n g a f t e r females and o t h e r males t h a t came i n t o c l o s e 

p r o x i m i t y , but they were n o t a t t r a c t e d t o mature v i r g i n females 

separated from them by m u s l i n . T h i s i n d i c a t e s t h a t the males 

are a t t r a c t e d by s i g h t , n o t s m e l l , and t h a t f i n a l r e c o g n i t i o n 

i s o n l y achieved by t o u c h . C o p u l a t i o n o c c u r r e d on the s i d e s 

o f the cage and on t h e dung, but n o t i n f l i g h t . D u r i n g c o p u l a t i o n 

the couple tended t o remain immobile and f l i g h t was never observed. 

The f l i e s occupied the same c h a r a c t e r i s t i c p o s i t i o n as d e s c r i b e d 

by Hammer (19^1), namely "the male s t a n d i n g over the female 

which i t always h o l d s v / i t h the second p a i r o f l e g s near t h e 

r o o t o f the wing or a t the f r o n t edge o f the wings; the f i r s t 

p a i r o f l e g s are u s u a l l y p l a c e d i n some p a r t or o t h e r o f the 

t h o r a x o f the female, most o f t e n near the s h o u l d e r s " . 

B. The p r e - c o p u l a t i o n p e r i o d and d u r a t i o n o f c o p u l a t i o n 

To determine the p r e - c o p u l a t i o n p e r i o d ( t h e time from 

emergence t o the commencement o f c o p u l a t i o n ) a t 20°C and t h e 
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d u r a t i o n o f c o p u l a t i o n , the f o l l o w i n g procedure was adopted. 
On emerging, males and females were separated and p l a c e d i n 
b r e e d i n g cages w i t h an adequate fo o d s u p p l y . At 2khr i n t e r v a l s , 
10 p a i r s were p l a c e d s e p a r a t e l y i n s m a l l p o l y g l a z e t u b e s . The 
number o f p a i r s c o p u l a t i n g was r e c o r d e d and any t h a t f a i l e d t o 
do so w i t h i n 30mins were r e t u r n e d t o the cages. The f i r s t 
30 p a i r s of each s p e c i e s were t i m e d . To determine i f the p r e -
c o p u l a t i o n p e r i o d v a r i e d between males and f e m a l e s , mature males 
and mature v i r g i n females were p l a c e d i n tubes w i t h newly emerged 
males and females. Each t u b e , t h e r e f o r e , c o n t a i n e d e i t h e r a 
mature male and a young female, or v i c e - v e r s a . 

The minimum p r e - c o p u l a t i o n p e r i o d r e c o r d e d was k days 

f o r males and females o f b o t h s p e c i e s . The o l d e r males 

a t t e m p t e d t o c o p u l a t e w i t h the young females from t h e f i r s t day, 

but the l a t t e r r e s i s t e d by bending the abdomen away. The young 

males showed no i n t e r e s t i n the mature v i r g i n females u n t i l 

a f t e r k days. I t was observed i n b r e e d i n g cages t h a t the 

i n t r o d u c t i o n o f f r e s h horse dung produced an i n c r e a s e i n 

a c t i v i t y , w i t h males and females r u n n i n g over t h e s u r f a c e o f 

t h e dung, b e a t i n g t h e i r wings and then c o p u l a t i n g . However, 

the minimum p r e - c o p u l a t i o n p e r i o d was n o t reduced i n the 

presence o f f r e s h horse dung. C o p u l a t i o n a l s o o c c u r r e d i n 

the d a r k . 
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The mean c o p u l a t i o n t i m e s (- S.E.) was 95.5mins 

- 5»2mins, and 86.0 i 1.8mins f o r C . s i m i l i s and C.equina 
r e s p e c t i v e l y . The d i f f e r e n c e i s not s i g n i f i c a n t ( t = 1.4, 
P.>0.1). 

C. P r e - o v i p o s i t i o n p e r i o d f o r C.equina and C . s i m i l i s 

The p r e - o v i p o s i t i o n p e r i o d i s t h e l e n g t h o f time 

from the female emerging t o when the f i r s t eggs are l a i d . 

B r e eding cages, each c o n t a i n i n g a p p r o x i m a t e l y 200 

f r e s h l y emerged i n d i v i d u a l s o f C . s i m i l i s o r C.equina, were 
o 

pla c e d i n an i n c u b a t o r a t 20 C, w i t h a ti m e s w i t c h s e t t o expose 

them t o a 12hrs l i g h t , per 24hrs. Fresh p r e - f r o z e n horse dung 

was p l a c e d i n the cages d a i l y , removed a t the end o f 24hrs, and 
o 

r e t a i n e d i n m u s l i n topped j a r s a t 15 C. Any emergences t h a t 

o c c u r r e d were r e c o r d e d . D e t e c t i o n o f the eggs by exam i n a t i o n 

o f the dung proved u n s a t i s f a c t o r y as most o f them tended t o be 

hidde n i n c r e v i c e s i n t h e dung. (The females were r e l u c t a n t 

t o o v i p o s i t i n s m a l l q u a n t i t i e s o f dung). The minimum o v i 

p o s i t i o n p e r i o d f o r b o t h s p e c i e s was found t o be 7 days. 

D. Eggs and o v i p o s i t i o n 

The eggs o f C. s i m i l i s and C. equina are w h i t e , 

a p p r o x i m a t e l y c i r c u l a r i n c r o s s - s e c t i o n , 1.0 - 1.15mm i n 

l e n g t h , 0.3 - 0.35mm i n d i a m e t e r a t the broadest p o i n t , and 

w i t h one end rounded and the o t h e r f l a t t e n e d . The c h o r i o n 

i s s c u l p t u r e d by a s e r i e s o f l o n g i t u d i n a l r i d g e s which end 

a n t e r i o r l y a t a f l a t d i s c . The eggs are d e p o s i t e d s i n g l y o r 
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i n batches, u s u a l l y , o f 3 or 4, b u t up t o 11 were r e c o r d e d . 

The l a r v a e emerge t h r o u g h the f l a t d i s c . Hammer (1941) 

d e s c r i b e d the eggs o f G.equina as b e i n g 0,95n™ l o n g and 0.28 t o 

0.29mm broad, w i t h a number o f i n t e r r u p t e d l o n g i t u d i n a l w r i n k l e s 

and a l i d a t t h e a n t e r i o r end. He presumed t h a t t h e y were l a i d 

under cow p a t s on the s o i l s u r f a c e , or on g r a s s . Attempts were 

made t o determine the numbers of eggs i n d i v i d u a l females l a i d , 

b u t i t was found i m p o s s i b l e t o do t h i s a c c u r a t e l y as the females 

f a i l e d t o l a y i n s m a l l samples o f dung, and i n l a r g e ones they h i d 

the eggs: i n c r e v i c e s . The number o f emergences from a sample o f 

dung cannot be equated w i t h the number o f eggs t h a t were l a i d on 

i t due t o the unknown m o r t a l i t y . Hammer (1941) found 37-52 eggs 

( f r o m 3 d i s s e c t i o n s ) i n the o v a r i e s o f G.equina. ( I n the p r e s e n t 

work, however, i n 54 d i s s e c t i o n s o f females o f t h i s s p e c i e s , a 

maximum o f o n l y 40 eggs was found.) 

E. I n c u b a t i o n p e r i o d a t 20°C 

Fresh horse dung, f r e e d o f any l i v i n g s p h a e r o c e r i d 

eggs by deep f r e e z i n g , was exposed t o l a b o r a t o r y c u l t u r e s o f 

C . s i m i l i s and C.equina f o r l h r and then removed. Any eggs 

p r e s e n t v/ere removed and p l a c e d on a damp f i l t e r paper i n a 

c l o s e d p e t r i d i s h . ( D e s s i c a t i o n q u i c k l y k i l l s t he eggs.) 

T h i s was p l a c e d i n an i n c u b a t o r a t 20°C and examined under a 

b i n o c u l a r microscope every 30roins. 250 eggs of.each species 

were examined i n t h i s manner. 
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The mean i n c u b a t i o n p e r i o d (- 3.E.) was 23.7 - 0.7hrs 
and 23.8 - 0.8hrs f o r C.equina and C . s i m i l i s r e s p e c t i v e l y . 
T h is d i f f e r e n c e i s n o t s i g n i f i c a n t ( t - 0.7, P .>0.4) . 

(5) THE INFLUENCE OF TEMPERATURE ON THE DURATION OF DEVELOPMENT 

A. D u r a t i o n of development 

The d u r a t i o n o f development from egg t o a d u l t a t 5, 

10, 15, and 20°C f o r C.equina and C . s i m i l i s was determined i n 

the l a b o r a t o r y . 

Samples o f f r e s h horse dung f r e e d from any l i v i n g 

s p h a e r o c e r i d eggs by deep f r e e z i n g were exposed t o l a b o r a t o r y 

c u l t u r e s o f C.equina and C . s i m i l i s f o r 2 ifhrs. The samples 

were then p l a c e d i n rn u s l i n topped j a r s i n c o n s t a n t temperature 

rooms or i n c u b a t o r s a t e i t h e r 5i 10, 15, or 20°C. They were 

examined d a i l y and any i n d i v i d u a l s t h a t had emerged, were removed, 

i d e n t i f i e d , and the d u r a t i o n o f development v/as r e c o r d e d . T h i s 

procedure was c o n t i n u e d u n t i l l a r g e numbers o f i n d i v i d u a l s o f 

bot h species had emerged a t each t e m p e r a t u r e . 
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TABLE 8. The mean d u r a t i o n o f development from egg t o a d u l t f o r 
C . s i m i l i s and C.equina. The numbers i n b r a c k e t s are the 
t o t a l no. of a d u l t s t h a t emerged a t each t e m p e r a t u r e . 

C...similis 
Mean no. days Mean no.- days Mean No. days 

Temp. °C (Males) (Females) ( T o t a l ) S.E. 

5 62.5 62.4 62.5 0.051 
(55D (583) (1134) 

10 31.1 31.1 31.1 - 0.039 
(500) (438) (938) 

15 17.7 17.6 17.7 i 0.036 
(356) (427) (783) 

20 13.0 13.0 13.0 - ..002 
(714) (775) (1489) 

C.equina 

5 63.4 63.6 63.5 i 0.053 
(703) (709) (1412) 

10 31.1 31.1 31.1 i 0..028 
(599) (563) (1162) 

15 17.9 17.9 17.9 i 0.056 
(317) (313) (630) 

20 12.9 12.8 12.9 - 0.002 
(877) (895) (1772) 

I t can be seen from Table 8 t h a t the d u r a t i o n o f 

development o f males and females o f each s p e c i e s a t a l l the 

temp e r a t u r e s was i d e n t i c a l , o r almost so, and t h a t the d u r a t i o n 

o f development o f C . s i m i l i s and C.equina a d u l t s a t 10°C was 

i d e n t i c a l , and a t 15°C and 20°C was almost so. The one day 

d i f f e r e n c e between the d u r a t i o n o f development o f the 2 s p e c i e s 

a t 5°C i s p o s s i b l y due t o e x p e r i m e n t a l e r r o r r a t h e r than some 

i n h e r e n t d i f f e r e n c e between t h e s p e c i e s . E r r o r s may have a r i s e n 

because b o t h s p e c i e s were n o t s i m u l t a n e o u s l y exposed i n the 
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c o n s t a n t t e m p e r a t u r e rooms, and, t h e r e f o r e , they were n o t 
s u b j e c t e d t o t h e same s m a l l f l u c t u a t i o n s i n temperature t h a t 
may have o c c u r r e d . 

Larsen & Thompson (1940) suggested t h a t , a s manure i s 

such an e x c e e d i n g l y d i f f i c u l t medium t o work w i t h , h u m i d i t y , 

s t r u c t u r e , and f o o d s t u f f c o n t e n t s v a r y i n g , minimum v a l u e s f o r 

the d u r a t i o n o f development g i v e a more r e l i a b l e p i c t u r e . 

U n f a v o u r a b l e c o n d i t i o n s c o u l d i n c r e a s e the d u r a t i o n o f development 

c o n s i d e r a b l y . The minimum d u r a t i o n o f development a t each 

temperature f o r C . s i m i l i s and C.equina i s shown i n Table 9. 

TABLE 9. Minimum d u r a t i o n o f development i n days 

C . s i m i l i s C.equina 

Males Females Males Females 

Z> C. 59 59 59 59 
10°C 29 29 29 29 
15°C 16 16 16 16 
20°C 11 11 11 11 

I t i s concluded t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n the 

d u r a t i o n o f development a t 5, 10, 15, and 20°C between males and 

females o f C . s i m i l i s and C.equina, or between the 2 s p e c i e s . 

B. Sex r a t i o a t emergence 

T o t a l s o f 2284 males and 2343 females were r e c o r d e d 

of C . s i m i l i s . A PC value was c a l c u l a t e d u s i n g a n u l l h y p o t h e s i s 

t h a t the sex r a t i o i s e q u a l i t y ( % = 0.75 d . f . = 1, P.>0.30). 

This d i f f e r e n c e i s n o t s i g n i f i c a n t . 
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For C.equina a t o t a l o f 2333 males and 2360 females was r e c o r d e d . 

( X = 0.16, d . f . = 1, P.>0.50). Again the d i f f e r e n c e i s n o t 

s i g n i f i c a n t . From these r e s u l t s t h e sex r a t i o appears t o be 

1:1 f o r b o t h s p e c i e s . 

(6) THE EFFECTS OF THE AGE OF DUNG ON LARVAL MORTALITY AND ON 

THE WEIGHTS OF ADULTS OF C.SIMILIS 

I n i t i a l o b s e r v a t i o n s had i n d i c a t e d t h a t as dung 

aged i t became i n c r e a s i n g l y l e s s a t t r a c t i v e t o a d u l t s o f 

C . s i m i l i s and C.equina b o t h as a fo o d source and as a s i t e f o r 

o v i p o s i t i o n . To determine i f t h i s was coupled w i t h a d e t e r i o r a t i o n 

i n i t s n u t r i e n t v a lue the f o l l o w i n g i n v e s t i g a t i o n s were c a r r i e d 

o u t . 

A l a r g e q u a n t i t y o f f r e s h s t a b l e horse dung 

o n l y a few hours o l d was c o l l e c t e d from one horse over a number 

o f days. T h i s was s u b j e c t e d t o a temperature o f below -30°C 

f o r s e v e r a l days t o k i l l any s p h a e r o c e r i d eggs p r e s e n t . Sheep 

dung l e s s than 24hrs o l d was c o l l e c t e d i n the f i e l d , t h o r o u g h l y 

mixed t o g i v e as homogeneous a medium as p o s s i b l e and then 

t r e a t e d i n the same way as the horse dung. 

Samples o f the f r e s h horse dung d e s c r i b e d above 

were exposed t o c u l t u r e s o f C . s i m i l i s f o r 24hrs and any eggs 

p r e s e n t a t the end o f t h i s p e r i o d were removed. 25 o f these 

eggs were c a r e f u l l y i n s e r t e d i n t o c r e v i c e s i n each o f t h r e e 

50gm samples o f horse dung t h a t had been l e f t i n p o l y t h e n e bags 

i n the l a b o r a t o r y f o r 24hrs. The samples were then p l a c e d i n 
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m u s l i n topped j a r s a t 15 C u n t i l the a d u l t s emerged, and 

these were then k i l l e d , sexed, and weighed. 

From the 75 eggs, 39 males and 33 females emerged 

w i t h mean w e i g h t s S.E.) o f 2.0k ± 0,057mgm and 1.99 £ O.056 

r e s p e c t i v e l y . The d i f f e r e n c e i s n o t s i g n i f i c a n t ( t = 0.4, 

P. > 0.6) and, t h e r e f o r e , t h e s e x i n g o f i n d i v i d u a l s i n subsequent 

experi m e n t s was unnecessary. 

The mean weig h t o f the a d u l t s was n o t s i g n i f i c a n t l y 

a l t e r e d by e i t h e r d o u b l i n g or h a l v i n g t h e q u a n t i t y o f dung per 

egg and so i t was concluded t h a t 2gm o f dung per egg was q u i t e 

s u f f i c i e n t t o a l l o w normal development. 

To s i m u l a t e a g e i n g , samples o f dung were p l a c e d i n 
o , 

unsealed p o l y t h e n e bags a t 10 C f o r up t o 6 weeks. Eggs were 

o b t a i n e d , as p r e v i o u s l y d e s c r i b e d , and 25 were p l a c e d i n two 50gm 

samples o f each o f the v a r i o u s ages o f horse and sheep dung. 

These were k e p t a t 15°C i n m u s l i n topped j a r s , and any a d u l t s 

t h a t emerged were weighed. 25 eggs were a l s o p l a c e d i n each 

o f f o u r 50gm samples o f f r e s h l y thawed horse dung and a l s o l e f t 

a t 15°C. A f t e r 3 days, 5° l a r v a e were i s o l a t e d from these 

samples and 25 were c a r e f u l l y i n s e r t e d i n t o each o f two 50gm 

samples o f f r e s h horse dung. These were then r e t u r n e d t o 15°C 

and any a d u l t s t h a t emerged were k i l l e d and then weighed. 

I n Table 10 the l a r v a l m o r t a l i t y and the mean w e i g h t 

o f a d u l t s t h a t emerged from samples o f horse and sheep dung o f 

d i f f e r e n t ages are shown. Values o f " t " c a l c u l a t e d from the 
number o f a d u l t s t h a t emerged from the samples are a l s o shown. 
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I t can be seen from T a b l e 10 t h a t a s h o r s e and sheep 
dung i n c r e a s e d i n age, so t h e r e was a s i g n i f i c a n t d e c r e a s e i n 
the weight o f the a d u l t s t h a t emerged, and an i n c r e a s e i n the 
l a r v a l m o r t a l i t y , e x c e p t between sheep dung of 2*fhrs and 
2 weeks o l d , when the m o r t a l i t y i n f a c t d e c r e a s e d from 16% to 

L a r s e n & Thompson (19^0) found t h a t v e r y m o i s t dung-

r e d u c e d the w e i g h t of the a d u l t s emerging, and t h i s may have 

been the c a s e w i t h f r e s h sheep dung. However, i t can be 

c o n c l u d e d t h a t a s dung age s so i t s n u t r i e n t v a l u e to l a r v a e o f 

C . s i m i l i s d e c r e a s e s . Madle (193*1-) s t a t e d t h a t dung b e e t l e s 

( A p h o d i i n i ) f e e d e x c l u s i v e l y on albuminous s u b s t a n c e s i n the 

dung and t h a t o n l y d i s s o l v e d albuminous s u b s t a n c e s , v e g e t a b l e 

albumens, and b a c t e r i a l albumens o c c u r r i c h l y enough to s a t i s f y 

the a l i m e n t a r y r e q u i r e m e n t s of the a d u l t s and l a r v a e . F u r t h e r 

more, he found t h a t the d i s s o l v e d albumens a r e q u i c k l y broken 

down by b a c t e r i a l a c t i o n . I t i s p o s s i b l e t h a t C . s i m i l i s 

l a r v a e a l s o f e e d on albuminous s u b s t a n c e s and t h a t a s the dung 

age s , so t h e s e s u b s t a n c e s a r e broken down, c o n s e q u e n t l y r e d u c i n g 

the n u t r i e n t v a l u e of the dung. 

I t can be seen from T a b l e 10 t h a t h o r s e dung a p p e a r s 

to be a more s u i t a b l e medium f o r the development of C . s i m i l i s 

l a r v a e than sheep dung, a s t h e l a r v a l m o r t a l i t y was l e s s i n 

h o r s e dung, and the a d u l t s t h a t emerged from 2̂ 1-hr o l d h o r s e dung 

were s i g n i f i c a n t l y h e a v i e r than t h o s e t h a t emerged from sheep 

dung o f the same age. 
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From t h e s e r e s u l t s i t can be s e e n t h a t under f i e l d 

c o n d i t i o n s i t would be advantageous f o r the f e m a l e s to o v i p o s i t 

i n dung a s soon a f t e r d e p o s i t i o n a s p o s s i b l e . 

(7) STARVATION OF C . S I M I L I S ADULTS AT LOW TEMPERATURE 

O b s e r v a t i o n s i n the f i e l d had shown t h a t C . s i m i l i s 

c o u l d s u r v i v e t h e w i n t e r i n the a d u l t s t a g e . I n d i v i d u a l s 

have been found b e n e a t h t h e snow th r o u g h o u t t h e w i n t e r , even 

a t Moor House Nature R e s e r v e . The c l i m a t e a t Moor House h a s 

been d e s c r i b e d by Manley (1936) a s s u b - a r c t i c , h a v i n g many 

f e a t u r e s comparable to t h o s e a t s e a - l e v e l i n I c e l a n d . The 

a v e r a g e t e m p e r a t u r e s from 1953-65 f o r December, J a n u a r y , 

F e b r u a r y , were -2.0°C, -0.6°C, and -0.9°C r e s p e c t i v e l y . 

Many a d u l t s may have to spend s e v e r a l v/eeks i n t h e s e months 

t r a p p e d b e n e a t h the snow, p o s s i b l y u n a b l e to f e e d e i t h e r through 

the low t e m p e r a t u r e or t h e l a c k o f food. 

The f o l l o w i n g l a b o r a t o r y i n v e s t i g a t i o n s were c a r r i e d 

out to d e t e r m i n e the a b i l i t y o f a d u l t s o f t h i s s p e c i e s to 

w i t h s t a n d s t a r v a t i o n a t low t e m p e r a t u r e s . 15 m a l e s and 

15 f e m a l e s , a p p r o x i m a t e l y 2 weeks o l d , were p l a c e d i n d i v i d u a l l y 

i n g l a s s specimen t u b e s s e a l e d w i t h wads of c o t t o n wool. The 

e q u i v a l e n t numbers of males and f e m a l e s of the same age were 

a l s o p l a c e d i n t u b e s w i t h a s m a l l q u a n t i t y o f f r e s h h o r s e dung. 

The 60 t u b e s were put i n t o an i n c u b a t o r a t 0.5°C ( v a r i a t i o n s o f 

- 0..5°C were e x p e r i e n c e d d u r i n g the e x p e r i m e n t ) . The c o t t o n 

wool was k e p t damp to a v o i d any d e h y d r a t i o n . The t u b e s were 
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examined ea c h day and the number of d e a t h s r e c o r d e d . The 

dung was a l s o i n s p e c t e d and changed e v e r y few d a y s . 

The s u r v i v a l r a t e i s shown i n F i g . 2 , The mean 

s u r v i v a l p e r i o d (- S.E.) f o r m a l e s and f e m a l e s was 26.5 - O..63 

days and 27.6 - 0.53 days r e s p e c t i v e l y . T h i s d i f f e r e n c e i s 

not s i g n i f i c a n t ( t = 0.97, P.>0.3). An u n e q u a l s u r v i v a l 

r a t e between m a l e s and f e m a l e s i n the f i e l d would produce a 

d i s c r e p a n c y i n t h e s e x r a t i o . . The mean s u r v i v a l p e r i o d f o r 

a l l i n d i v i d u a l s was 27.0 - 1.6 d a y s . 

A f t e r hG d a y s a l l the i n d i v i d u a l s t h a t had been k e p t 

w i t h o u t food were dead, w h i l e o n l y one out o f t h o s e t h a t had 

been f e d had d i e d . I t can be c o n c l u d e d t h a t s t a r v a t i o n was 

a l m o s t e n t i r e l y the c a u s e of m o r t a l i t y . 

The a b i l i t y t o w i t h s t a n d s t a r v a t i o n a t low t e m p e r a t u r e s 

f o r s e v e r a l weeks would be a d v a n t a g e o u s i n the f i e l d a s 

i n d i v i d u a l s t h a t were t r a p p e d w i t h o u t food b e n e a t h the snow 

c o u l d s u r v i v e u n t i l t h e r e was a thaw. I n d i v i d u a l s t h a t were 

t r a p p e d beneath t h e snow i n dung would be a b l e to f e e d and 

s u r v i v e w i t h o n l y a low m o r t a l i t y . 



F i g . 2 . E f f e c t s of s t a r v a t i o n on the s u r v i v a l of C . s i m i l i s 

a d u l t s at low temperature (approx. 0.5°C) 
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I I . STUDY AREA 

Most o f the p r e s e n t work was c a r r i e d out a t Durham 

S c h o o l o f A g r i c u l t u r e , H o u g h a l l farm ( N a t . G r i d . R e f . NZ/278^05), 

which c o n s i s t s o f a t o t a l of V76 a c r e s bounded by mixed woodland 

to the w e s t and by the r i v e r Wear to t h e s o u t h and e a s t ( F i g . 3 ) . 

The r i v e r s i d e f i e l d s a r e l e v e l and the s o i l i s m a i n l y a l l u v i a l 

i n c h a r a c t e r . The l a n d r i s e s from t h e r i v e r by a s e r i e s o f 

t e r r a c e s to the h i g h e s t p o i n t , 250ft above s e a l e v e l . 



F i g . 3 . Study a r e a : Houghall C o l l e g e of A g r i c u l t u r e , 

Durham 
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I I I . QUANTITATIVE SAMPLING OF ADULTS 

F i e l d i n v e s t i g a t i o n s were c a r r i e d out on c e r t a i n 

c o p r o p h i l o u s S p h a e r o c e r i d a e to e s t i m a t e p o p u l a t i o n d e n s i t i e s 

i n r e l a t i o n to time and s p a c e . The s t u d i e s may be d e f i n e d a s 

" i n t e n s i v e " ( M o r r i s , 1960). The i n f o r m a t i o n r e q u i r e d to a c h i e v e 

t h e s e o b j e c t i v e s c o u l d o n l y be o b t a i n e d by s a m p l i n g and consequen 

the c h o i c e of an e f f i c i e n t and a c c u r a t e s a m p l i n g t e c h n i q u e was o f 

paramount i m p o r t a n c e . 

L a u r e n c e (1955)* w o r k i n g a t Rothamsted, s t u d i e d t h e 

s e a s o n a l o c c u r r e n c e of l a r v a l and a d u l t S p h a e r o c e r i d a e a s s o c i a t e d 

w i t h cow dung, u s i n g the "cow p a t " a s a s a m p l i n g u n i t . However, 

a t H o u g h a l l i t was the p o l i c y to move the c a t t l e out of f i e l d s 

d u r i n g the w i n t e r . Thus, a t a time when s e v e r a l s p e c i e s o f 

S p h a e r o c e r i d a e were abundant, the s a m p l i n g u n i t was a b s e n t . 

L a u r e n c e ' s s a m p l i n g method was s i m p l y to c o l l e c t a s 

many a d u l t s a s p o s s i b l e i n 5mins from a cow p a t , u s i n g s m a l l 

g l a s s tubes.. He m a i n t a i n e d t h a t i t was p o s s i b l e to do t h i s 

b e c a u s e the a d u l t s were d i f f i c u l t to d i s t u r b and d i d not r e a d i l y 

f l y . The o n l y d r o p p i n g s p r e s e n t i n the f i e l d t hroughout the 

y e a r t h a t c o u l d c o n c e i v a b l y be sampled by a d i r e c t method s u c h 

a s t h i s were from sheep and one c a r t h o r s e . The sheep d r o p p i n g s , 

however, were f a r too v a r i a b l e i n s i z e and shape t o be u s e d a s a 

s a m p l i n g u n i t and t h e r e were i n s u f f i c i e n t d r o p p i n g s from the one 

h o r s e . I t was a l s o found t h a t the s a m p l i n g t e c h n i q u e s u f f e r s 

from c e r t a i n d i s a d v a n t a g e s a s i t s e f f i c i e n c y v a r i e s from s p e c i e s 
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to s p e c i e s and a c c o r d i n g to the time of y e a r . A d u l t s o f 

C . s i m i l i s and C. e q u i n a r e a d i l y f l y d u r i n g the warmer months, 

but not i n the w i n t e r , malting i t e a s i e r to c a t c h them a t the 

l a t t e r t i m e . A d u l t s o f S . s u b s u l t a n s a r e a l w a y s r e l u c t a n t to 

f l y , making them e a s i e r to c a t c h i n the summer than t h e above 

s p e c i e s . Thus, an a l t e r n a t i v e s a m p l i n g t e c h n i q u e was r e q u i r e d . 

(1) ABSOLUTE POPULATION ESTIMATES 

A t e c h n i q u e was e v o l v e d t o sample a u n i t a r e a i n t h e 

open f i e l d . A t r a n s p a r e n t p e r s p e x c y l i n d e r o f known a r e a 

(0.2sq.m), 50cms i n h e i g h t , w i t h a m u s l i n top and m e t a l s p i k e s 

a t t a c h e d to the l o w e r l i p , was r a p i d l y pushed down i n t o the 

v e g e t a t i o n and s o i l , t r a p p i n g any S p h a e r o c e r i d s p r e s e n t . A 

m o d i f i e d form of b a t t e r y d r i v e n s u c t i o n a p p a r a t u s , d e s c r i b e d by 

Johnson, Southwood 8c E n t w i s t l e (1957)» f o r s a m p l i n g o r g a n i s m s 

i n h a b i t i n g h e r b and ground s t r a t a , was u s e d to e x t r a c t the a d u l t s . 

The l o n g r u b b e r n o z z l e o f the u n i t was i n s e r t e d i n t o t h e c y l i n d e r 

through the m u s l i n top and drawn through the v e g e t a t i o n and over 

any dung p r e s e n t . T h i s method proved to be r e a s o n a b l y s u c c e s s f u l 

d u r i n g the summer, a s most of the f l i e s , on b e i n g d i s t u r b e d , 

tended to f l y on t o the s i d e s of t h e p e r s p e x c y l i n d e r and c o u l d 

e a s i l y be c a u g h t . Hov/ever, d u r i n g the c o l d e r months t h e f l i e s 

tended to burrow down i n the v e g e t a t i o n or dung, and a t t e m p t s to 

e x t r i c a t e them u s u a l l y p r o v e d f u t i l e . T h e r e f o r e , the c a t c h v a r i e d 

a c c o r d i n g to the p r e v a i l i n g weather c o n d i t i o n s , r a t h e r than to the 

p o p u l a t i o n d e n s i t y . 



M a r k i n g methods were used i n an a t t e m p t to d e t e r m i n e 

the t o t a l p o p u l a t i o n ( L e C r e n , I965). 500 i n d i v i d u a l s were 

marked w i t h a n i l i n e d u s t i n an a s p i r a t o r ( Dalmat, 1950) and 

r e l e a s e d i n a f i e l d c o n t a i n i n g sheep and cows. 2k h o u r s l a t e r 

500 i n d i v i d u a l s were c a p t u r e d , but none were marked. Marked 

i n d i v i d u a l s can r e a d i l y be d e t e c t e d a s t h e y l e a v e a t r a i l of 

t h e p a r t i c u l a r c o l o u r when dropped i n t o a m i x t u r e of a b s o l u t e 

a l c o h o l , g l y c e r i n e and c h l o r o f o r m . Subsequent c a p t u r e s i n the 

same a r e a o v e r the n e x t 2 days a l s o f a i l e d to d e t e c t any marked 

i n d i v i d u a l s . I t was o b v i o u s t h a t mark and r e c a p t u r e methods were 

i m p r a c t i c a b l e a s a d u l t S p h a e r o c e r i d s a r e h i g h l y m o b i l e and the 

p o p u l a t i o n d e n s i t i e s were too high.. 

(2) RELATIVE POPULATION ESTIMATES (POPULATION I N D I C E S ) 

A. Sweep n e t t i n g 

Sweep n e t t i n g ( P a r k e r , 19Ll-9; L i n s l e y , Macswain & 

Smith, 1952) was t r i e d , but proved u n s u c c e s s f u l , a s the number 

o f a d u l t s o c c u p y i n g the top of the v e g e t a t i o n was not w h o l l y 

dependent upon the p o p u l a t i o n d e n s i t y . Thus, i n warm v/eather 

many s p h a e r o c e r i d s r e s t e d i n the upper v e g e t a t i o n i n t h e open 

f i e l d , but d u r i n g the w i n t e r the a d u l t s tended to s t a y under the 

dung, or i n t h e l o w e r l a y e r s of the v e g e t a t i o n . 

B. S t i c k y t r a p s 

S t i c k y t r a p s ( B r o a d b e n t , D o n c a s t e r , H u l l & Watson, 19^8; 

L e w i s , 1959; C o r n w e l l , 1960) were t r i e d . These c o n s i s t e d of 

aluminium c y l i n d e r s l8cm h i g h and 5.5cm i n d i a m e t e r , c o a t e d w i t h 
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" s t i k t i t e " and s u p p o r t e d v e r t i c a l l y by a s t a k e , w i t h the base 
of t h e t r a p r e s t i n g on the s o i l s u r f a c e . 10 o f t h e s e t r a p s 
were p l a c e d around t h e p e r i m e t e r of a f i e l d c o n t a i n i n g c a t t l e 
a t Houghall.-

A d u l t s p h a e r o c e r i d s were r e a d i l y c a u g h t , but t h e i r 

e x t r i c a t i o n p r o v e d time-consuming and damaging to the f l i e s ; 

c o n s e q u e n t l y i d e n t i f i c a t i o n was d i f f i c u l t . N e l s o n (I965), 

w o r k i n g a t Moor House N a t u r e R e s e r v e , had u s e d s t i c k y t r a p s to 

c a t c h a d u l t s p h a e r o c e r i d s , but had l a t e r found d e t e r g e n t t r a p s 

to be more e f f i c i e n t (pers.comm.). 

C. D e t e r g e n t t r a p s 

D e t e r g e n t t r a p s c o n s i s t o f b o w l s or t r a y s f i l l e d w i t h 

w a t e r to w h i c h a s m a l l q u a n t i t y o f d e t e r g e n t s o l u t i o n h a s been 

added to r e d u c e the s u r f a c e t e n s i o n of t h e w a t e r . O m i s s i o n o f 

the d e t e r g e n t m a r k e d l y r e d u c e s the number of i n s e c t s caught 

(.Harper & S t o r e y , 1962). 2h p l a s t i c b o w ls, 15cm i n d i a m e t e r 

a t t h e mouth and 11cm deep, were sunk i n t o the ground w i t h t h e i r 

r i m s l e v e l w i t h the s o i l s u r f a c e , around f i e l d s c o n t a i n i n g c a t t l e 

The t r a p s had to be p l a c e d o u t s i d e the boundary f e n c e s a s the 

c a t t l e a r e alv/ays l i a b l e to damage them or d r i n k the d e t e r g e n t 

sample. A f t e r 7 days t h e y were emptied, but a l t h o u g h a d u l t 

s p h a e r o c e r i d s were abundant i n the f i e l d , r e l a t i v e l y few were 

c a p t u r e d . 

To i n c r e a s e the e f f e c t i v e n e s s of t h e d e t e r g e n t t r a p s , 

f r e s h dung, u s u a l l y h o r s e dung from a n e a r b y s t a b l e , but on 

o c c a s i o n s cow, p i g , and sheep dung, were used a s b a i t . 
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Two methods were employed. F i r s t l y , f o r s t u d i e s where 
the dung had to be l e f t i n t h e f i e l d f o r s e v e r a l days ( e . g . s t u d i e s 
on the s e a s o n a l d i s t r i b u t i o n o f a d u l t s ) , p l a s t i c t r a y s 36cm x 22cm 
and 4.5cm deep were sunk i n t o the ground w i t h t h e i r r i m s l e v e l 
w i t h the s o i l s u r f a c e . A l a y e r o f f r e s h t u r f , a p p r o x i m a t e l y 3cm 
i n t h i c k n e s s , was p l a c e d i n e a c h t r a y , and 1500gms of f r e s h h o r s e 
or cow dung, w h i c h had p r e v i o u s l y been s u b j e c t e d to below -30°C 
f o r s e v e r a l d a y s i n s e a l e d p o l y t h e n e bags, was p l a c e d on the t u r f . 
P l a s t i c bowls (measurements a s above) were sunk i n t o the ground 
w i t h t h e i r r i m s l e v e l w i t h t h e s o i l s u r f a c e , 5cm from the c o r n e r 
of e a c h t r a y ( F i g . 4 ) . The bowls were f i l l e d w i t h v/ater and a 
l i t t l e d e t e r g e n t s o l u t i o n , and any f l i e s t h a t were c a u g h t were 
removed by p o u r i n g the c o n t e n t s of the bowls through a f i n e s i e v e . 
( T h e s e t r a p s w i l l be r e f e r r e d to throughout a s type A.) 

The second method was used when l a r g e c a t c h e s were 

r e q u i r e d i n a m a t t e r o f h o u r s . The t r a p s c o n s i s t e d o f r e c t a n g u l a r 

m e t a l t r a y s , 56cm x 37cm and 6cm deep, f i l l e d w i t h w a t e r and a 

l i t t l e d e t e r g e n t s o l u t i o n . A w e i g h t e d p l a s t i c box, 10cm x 15cm 

and 7cm deep, was f i l l e d w i t h f r e s h dung and p l a c e d i n the c e n t r e 

of e a c h t r a y . The s m a l l q u a n t i t y o f dung aged r a p i d l y and 

r e q u i r e d c h a n g i n g e v e r y 2 - 3hrs, The t r a p s were not sunk i n t o 

t h e ground. ( T h e s e t r a p s v / i l l be r e f e r r e d to thro u g h o u t a s 

type B.) 



F i g . 4 . Arrangement of 4 detergent t r a p s (15cm i n diameter) 

around a t r a y c o n t a i n i n g horse or cow dung 
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I V . SPATIAL DISTRIBUTION OF ADULTS AT HOUGHALL 

R i c h a r d s (1930) s t a t e d t h a t n e a r l y e v e r y s p e c i e s of 

S p h a e r o c e r i d a e o c c u r s i n a range of h a b i t a t s , and i n n e a r l y a l l 

c a s e s the f l i e s o c c u r w h e r e v e r m a t e r i a l s u i t a b l e f o r t h e i r l a r v a e 

i s found. He a l s o p o i n t e d out t h a t i f c a r r i o n and dung v/ere to 

be examined numerous s p e c i e s v/ould be found t h a t a r e a b s e n t or 

v e r y r a r e i n the s u r r o u n d i n g a r e a when a l l the o t h e r f a c t o r s a r e 

the same. 

(1) THE EFFECTS OF HORSE DUNG ON DISTRIBUTION IN THE OPEN F I E L D 

By i n t r o d u c i n g q u a n t i t i e s of f r e s h h o r s e dung i n t o an 

a r e a f r e e from farm a n i m a l s , and s a m p l i n g i n the immediate 

v i c i n i t y o f t h e dung and a t l e a s t 10m away from i t , t h e i n f l u e n c e 

of the dung on the d i s t r i b u t i o n of a d u l t s p h a e r o c e r i d s c o u l d be 

e s t i m a t e d . A f e n c e d a r e a n e x t to the "Bank P a s t u r e " f i e l d ( F i g . 3 ) 

was used a s a s a m p l i n g s i t e . The a r e a s l o p e d g r a d u a l l y from 

p o i n t A to p o i n t C, and s t e e p l y from s i d e s CD and DE to s i d e AB 

( F i g . 5 ) . The whole s i t e v/as c o v e r e d w i t h dense b r a c k e n , e x c e p t 

f o r a p e r i p h e r a l s t r i p o f g r a s s v a r y i n g from 0.5 - 8m w i de. 

Along s i d e E F t h e r e was a l i n e o f hawthorn b u s h e s , and i n 

c o r n e r A,B,C t h e r e were a number of s m a l l c o n i f e r s . 

T h ree s e t s of 4 d e t e r g e n t t r a p s ( t y p e A) were sunk 

i n t o the s o i l , around t r a y s of f r e s h h o r s e dung, i n f l a t a r e a s 

of the p e r i p h e r a l g r a s s s t r i p , 3 - 5m from the f e n c e ( F i g . 5 ) . 

The d e t e r g e n t t r a p s around t r a y s of cow dung, shown i n F i g . 5 , were 

u s e d i n t h e s t u d y of s e a s o n a l o c c u r r e n c e s of a d u l t s and were not 



Fig.5. Fenced sampling s i t e at Houghall (shown on Fig.3 as 'S') 

4 detergent t r a p s around a t r a y c o n t a i n i n g horse dung 

• 4 detergent traps around a t r a y c o n t a i n i n g cow dung 
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p r e s e n t i n the fenced area a t the time o f these i n v e s t i g a t i o n s . 
12 d e t e r g e n t t r a p s of the same dimensions were a l s o sunk i n t o 
t h e ground, a t l e a s t 10m a p a r t , i n t h e gr a s s s t r i p . The 
v e g e t a t i o n was c u t s h o r t around the d e t e r g e n t t r a p s i n case 
i t s h e t e r o g e n e i t y i n t h e d i f f e r e n t areas a f f e c t e d the number o f 
a d u l t s caught. 

Sampling was c a r r i e d out f o r k weeks c o n t i n u o u s l y 

i n May and June o f 196^. The o l d dung was r e p l a c e d by f r e s h 

dung once a week. The c o n t e n t s o f the bowls were s i e v e d o f f 

a t l e a s t once every 3 days, and catches were taken t o t h e 

l a b o r a t o r y f o r s o r t i n g and i d e n t i f i c a t i o n . The l e v e l o f t h e 

d e t e r g e n t s o l u t i o n \ias k e p t w i t h i n a few mm o f the l i p s o f the 

bowls. 

D u r i n g the h weeks, 3^20 a d u l t s were caught i n the 

t r a p s c l o s e t o dung, 9 7 . ^ o f the t o t a l number caught. Only 

101 a d u l t s , 2,6% o f the t o t a l , were caught i n the d e t e r g e n t 

t r a p s away from dung. I t can be seen from Table 11 t h a t 

s i g n i f i c a n t l y more a d u l t s o f each s p e c i e s were caught c l o s e 

t o dung than away from i t . 
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TABLE 11. A comparison between the t o t a l numbers o f a d u l t s 

caught i n 12 d e t e r g e n t t r a p s c l o s e t o horse dung, 

and i n 12 d e t e r g e n t t r a p s away from dung, May — June 1964. 
2 

X values have been c a l c u l a t e d u s i n g a n u l l h y p o t h e s i s 

t h a t the d i s t r i b u t i o n o f a d u l t s i s e q u a l i t y 
Wo.of a d u l t s No.of a d u l t s 
caught c l o s e caught away p 
t o dung (T ) from dung (T^ ) ±^±2 X 2 p. 

C . s i m i l i s 739 17 43.4:1 100+. < 0.001 

C.equina 1009 16 63.1:1 100+ < 0.001 

C . h i r t i p e s 1408 50 28.2:1 100+ < 0.001 

C.nigra 551 17 32.4:1 100+ < 0.001 

S.subsultans 113 1 113.0:1 100+ <0.001 

The r a t i o between the number o f a d u l t s caught i n t r a p s near t o 

horse dung, compared w i t h those away from dung, i s dependent upon 

the h a b i t s o f t h e s p e c i e s i n v o l v e d . Thus, the g r e a t e r t h e tendency 

t o aggregate i n and around horse dung, the h i g h e r the r a t i o . T h i s 

tendency appeared t o be more h i g h l y developed i n a d u l t s o f C.equina 

and S.subsultans;.. r a t i o s o f 63.1:1 and 113:1 were r e c o r d e d 

r e s p e c t i v e l y . A d u l t s o f C.nigra and C . h i r t i p e s were l e s s c l o s e l y 

a s s o c i a t e d w i t h horse dung; r a t i o s o f 32.4:1 and 28.2:1 were 

r e c o r d e d r e s p e c t i v e l y . G . s i m i l i s was i n t e r m e d i a t e i n i t s 

d i s t r i b u t i o n , w i t h a r a t i o o f 43.4:1. (The r a t i o f o r each s p e c i e s 

was s i m i l a r over the 4 weeks o f t r a p p i n g ) . 
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(2) RELATIVE ATTRACTIVENESS OF DUNG FROM DIFFERENT FARM ANIMALS 

To compare t h e r e l a t i v e a t t r a c t i v e powers o f cow, 

p i g , sheep, and horse dung t o a d u l t s p h a e r o c e r i d s i n t h e open 

f i e l d , and hence the e f f e c t s on d i s t r i b u t i o n , the f o l l o w i n g 

sampling procedure was c a r r i e d out i n August 1965. A- d e t e r g e n t 

t r a p s ( t y p e B ) , b a i t e d w i t h f r e s h cow, sheep, p i g , or horse dung, 

were p l a c e d a t l e a s t 20m a p a r t i n t h e "Cow P a s t u r e " f i e l d ( F i g . 3 ) . 

The t r a p s were l e f t i n p o s i t i o n f o r 6hrs and the dung was renewed 

whenever i t showed s i g n s o f ag e i n g . 

I n Table 12 t h e t o t a l number o f a d u l t s o f each sp e c i e s 

caught i n two 6hr p e r i o d s by d e t e r g e n t t r a p s b a i t e d w i t h cow, 

sheep, p i g , or horse dung are shown. 
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TABLE 12. T o t a l numbers o f a d u l t s caught i n d e t e r g e n t t r a p s i n 

two 6hr p e r i o d s w i t h d i f f e r e n t t ypes o f dung. % 

v a l u e s have been c a l c u l a t e d . 

Horae 
dung 

1 

C . s i m i l i s 51 

C.equina 271 

C - . h i r t i p e s 
387 

P i g 
dung 
2 

8 

168 

842 

No.of a d u l t s caught 

Sheep 
dung 
3 

4 

46 

551 

Columns 
2 Cow 

dung i n X' 
4 comparisons 

0 1 & 2 31.3 <0,001 
1. & 3 40.2 ^0.001 

13 1 & 2 24.2 <0.001 
1 & 3 100+ <o.-ooi 
1. & 100+ <0.001 
2 & 3 69.6 <0.001 
2 & 100+ <0.001 
3 & 4 18 ..6 <0.001 

561 1 & 2 100+ < 0.001. 
1 & 3 28.7 <0.001 
1 & 31.9 <0,001 
2 & 3 60.7 <0.001 
2 & 4 56.3 <0.001 
3 & 4 0.9 >0.3 

S.subsultans 

I t can be seen from Table 12 t h a t s p e c i e s were a t t r a c t e d 

t o dung i n d e c r e a s i n g a t t r a c t i v e n e s s as f o l l o w s : 

C . s i m i l i s Horse, p i g , sheep, and cow dung. (The absence o f 

a d u l t s from the t r a p s b a i t e d w i t h cow dung was 

p r o b a b l y due t o the low numbers p r e s e n t i n t h e 

area a t the t i m e ) . Gov; dung was found t o be 

a t t r a c t i v e t o t h i s s p e c i e s by Laurence (1955).. 
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C.equina Horse, p i g , sheep, and cow dung. 

C . h i r t i p e s Pig» sheep, cow, and horse dung. 

S.subsultans The numbers caught were too low t o p e r m i t 

any c o n c l u s i o n s t o be drawn. 

From Table 12 i t can be seen t h a t C . s i m i l i s i s 

s i g n i f i c a n t l y more a t t r a c t e d t o horse dung t h a n t o any o t h e r 

type o f dung. The low number o f a d u l t s caught i n the t r a p s 

b a i t e d w i t h cow, sheep, and p i g dung do n o t p e r m i t any c o n c l u s i o n s 

t o be drawn on t h e i r s i g n i f i c a n c e . However, i t i s w o r t h p o i n t i n g 

out t h a t l a b o r a t o r y i n v e s t i g a t i o n s on food choice (see Table 3i 

S e c t i o n I ) showed t h a t p i g dung was s i g n i f i c a n t l y more a t t r a c t i v e 

than sheep or cow dung, w h i l e sheep dung was a l s o s i g n i f i c a n t l y 

more a t t r a c t i v e than cow dung. C.equina was s i m i l a r l y a t t r a c t e d 

t o the d i f f e r e n t t y p e s o f dung, w i t h horse dung b e i n g s i g n i f i c a n t l y 

more a t t r a c t i v e than any o t h e r t y p e , and cow dung s i g n i f i c a n t l y 

l e s s . P i g dung was a l s o s i g n i f i c a n t l y more a t t r a c t i v e than 

sheep dung. The r e l a t i v e a t t r a c t i v e n e s s o f the d i f f e r e n t t y p e s 

o f dung t o C . h i r t i p e s was markedly d i f f e r e n t from C . s i m i l i s and 

C.equina. Thus, p i g dung was s i g n i f i c a n t l y more a t t r a c t i v e than 

any o t h e r type o f dung, w h i l e horse dung was s i g n i f i c a n t l y l e s s 

a t t r a c t i v e than any o t h e r t y p e . The a t t r a c t i v e n e s s o f sheep and 

cow dung was n o t s i g n i f i c a n t l y d i f f e r e n t . 

I t appears t h a t the d i s t r i b u t i o n o f a d u l t s o f these 

species d u r i n g the summer i n t h e open f i e l d a t Ploughall w i l l be 

m a i n l y determined by t h a t o f the dung from farm mammals. The 
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degree o f a g g r e g a t i o n around a p a r t i c u l a r type o f dung v a r y i n g 

w i t h the s p e c i e s . There was no evidence t o suggest t h a t a d u l t s 

of C.equina were more c o n f i n e d t o horse dung than a d u l t s o f 

C . s i m i l i s as Richards (1930) had s t a t e d . However, the r a t i o 

between the number o f a d u l t s o f C . s i m i l i s and C.equina caught 

near dung and away from i t (Table 11), p o s s i b l y i n d i c a t e s t h a t 

C.equina i s more r e s t r i c t e d t o dung from farm animals than 

C . s i m i l i s . 

(3) DISTRIBUTION OF ADULTS IN SHADED AND EXPOSED SITUATIONS 

Laurence (1955) concluded t h a t , a s Richards (1930) had 

reco r d e d a d u l t s o f the common sp e c i e s o f Limosina and Oopromyza 

from a wide range o f h a b i t a t s i n most months o f the y e a r , t h e i r 

presence on cow dro p p i n g s i n the open f i e l d o n l y a t c e r t a i n t i m e s 

i n t h e year must, t h e r e f o r e , depend m a i n l y upon t h e i r r e a c t i o n s t o 

temper a t u r e and h u m i d i t y i n the f i e l d a t these t i m e s . Laurence 

(1955) r e c o r d e d a d u l t s o f C . s i m i l i s and C.equina as absent from 

dung i n t h e f i e l d d u r i n g J u l y and August and the number o f a d u l t s 

of C . h i r t i p e s as g r e a t l y reduced, presumably i n response t o t h e 

c o n d i t i o n s o f h i g h temperature and low h u m i d i t y p r e v a i l i n g a t the 

t i m e . 

T r a p p i n g was c a r r i e d out a t Houghall i n shaded and 

exposed s i t u a t i o n s on 11 and 12 August 19°5. ^ w a s d r y a n ( * 

sunny on b o t h days and m e t e r e o l o g i c a l r e c o r d s a t Ho u g h a l l show 

t h a t t h e screen maximum tem p e r a t u r e s r e c o r d e d on 11 and 12 August 

were 21.6°C and 22.1°C r e s p e c t i v e l y . A temperature o f 22.1° c w a s 

o n l y exceeded twice, d u r i n g 19&5. 
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Two d e t e r g e n t t r a p s ( t y p e B) b a i t e d w i t h f r e s h 
horse dung were p l a c e d 10m a p a r t i n the f o l l o w i n g open areas : 

1. The "Cow P a s t u r e " f i e l d ( F i g . 3 ) c o n t a i n i n g cows, sheep, 

and h o r s e s . 

2. At the west end o f the "Piggery Banks" f i e l d ( F i g . 3 ) . 

I n t h e f o l l o w i n g shaded areas : 

1. Dense bracken i n the fenced area, shown i n F i g . 5 . 

2. A s m a l l wood a d j a c e n t t o t h e "Miners F i e l d " ( F i g . 3 ) . 

These t r a p s were exposed d u r i n g the p e r i o d s o f h i g h e s t 

t e m p e r a t u r e , i . e . between 12.30hrs and 15.30hrs on 12 August, 

and l l . O O h r s t o l6.00hrs on 11 August. The dung was renewed 

whenever i t shov/ed s i g n s o f ag e i n g . The d e t e r g e n t t r a p s i n 

the f i e l d w i t h the farm animals had t o be guarded almost 

c o n t i n u o u s l y , b u t i t was p o s s i b l e t o r u n t o the f u r t h e s t s ampling 

s i t e t o i n s p e c t the dung and back i n 5mins. 

The shade te m p e r a t u r e s were r e c o r d e d a t 5cms above 

ground l e v e l and i n the open t h e temperatures were r e c o r d e d 

a g a i n s t a w h i t e c a r d a t 5cms above ground l e v e l a t 15min i n t e r v a l s . 

The r e l a t i v e h u m i d i t y was r e c o r d e d j u s t above the v e g e t a t i o n i n t h e 

open f i e l d e v ery 15mins and i n t h e wood once every hour, u s i n g a 

w h i r l i n g hygrometer. The r e s u l t s are shown i n Table 13. The 

t o t a l number o f a d u l t s (males and females) o f each s p e c i e s caught 

d u r i n g the 2 t r a p p i n g p e r i o d s are shown i n Table 14. 
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TABLE 13. Temperatures a t 5cms above ground l e v e l and r e l a t i v e 

h u m i d i t i e s j u s t above t h e l e v e l o f the v e g e t a t i o n . 

(The temperature measurements were taken i n the f i e l d ) 

Exposed Temp.(°C) Shade temp. (°C) 

Average Max. Min. Average Max. Min.. 

11 Aug. 2k.1 28.0 21.0 19.2 21.5 16.8 

12 Aug. 23.^ 26.5 22.0 20.3 22.0 20.0 

R e l a t i v e H u m i d i t y {%) 

Open f i e l d Wood 

11 Aug. 71 83 63 93 95 93 

12 Aug. 68 71 65 93.5 9^ 93 
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TABLE Ik. The t o t a l numbers o f males (M) and females (F) caught 

i n d e t e r g e n t t r a p s on 11 and 12 August 1965 

E 

F i e l d w i t h F i e l d w i t h o u t 
c a t t l e c a t t l e 

C.equina 

M 
F 
T o t a l 

C . s i m i l i s 
M. 
F 
T o t a l 

C . h i r t i p e s 
M 
F 
T o t a l 

S.subsultans 

733 
812 

15^5 

69 
67 

136 

631. 
1048 

k 
7 

11 

1 
1 
2 

675 
701 

1376 

Wood 

1 
2 
3 

0. 
0 
0 

29 
^5 
74 

Bracken 
p a t c h 

1 
2 
3 

0 
0 
0 

60 
79 

139 

M 
F 
T o t a l 

C . s t e r c o r a r i a 

2 
k 
6 

1 
0 
1 

0 
1 
1 

0 
0 
0. 

M 
F 
T o t a l 

C . s u i l l o r u m 

0 
1 
1 

0 
1 
1 

0 
0 
0 

0 
0 
0 

M 
F 
T o t a l 

0 
0 
0 

0 
0 
0 

k 
10 
Ik 

0 
0 
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C . s i m i l i s : 98.6% o f the t o t a l number o f a d u l t s v/ere caught 

by t r a p s i n the f i e l d c o n t a i n i n g the farm animals and l.k% i n 

the open f i e l d w i t h o u t a n i m a l s . No a d u l t s were caught i n the 

wood or bracken p a t c h (Table Ik), 

C.equina : S i m i l a r r e s u l t s were o b t a i n e d f o r C.equina. 

98.9% o f the t o t a l number were caught i n t h e f i e l d w i t h the 

farm a n i m a l s . Only 0.2%, 0.7%, and 0.2% o f the t o t a l number 

o f a d u l t s were caught i n the f i e l d w i t h o u t farm a n i m a l s , i n the 

bracken and i n the wood, r e s p e c t i v e l y . 

C . h i r t i p e s : A d u l t s o f C . h i r t i p e s were the most abundant; 

2637 v/ere caught over the 2 days. I t was a l s o the most w i d e l y 

d i s t r i b u t e d s p e c i e s , b u t i t was f a r more abundant i n the open f i e l d . 

39.7% o f t h e t o t a l number o f a d u l t s were caught i n the f i e l d w i t h 

farm animals and 52.2% i n the f i e l d w i t h o u t farm a n i m a l s , compared 

v/ i t h o n l y 2.8% and 5.3% i n the v/ood and bracken, r e s p e c t i v e l y . 

Copromyza s u i l l o r u m H a l i d a y : Only Ik a d u l t s were recorded;, 

13 i n the wood and 1 i n the bracken. 

Copromyza s t e r c o r a r i a Meigen : Only 2 a d u l t s o f t h i s s p e c i e s 

v/ere r e c o r d e d and b o t h v/ere i n the open f i e l d . 

S.subsultans : 6 a d u l t s were r e c o r d e d i n the f i e l d w i t h farm 

a n i m a l s , 1 i n the f i e l d w i t h o u t a n i m a l s , and 1 i n the v/ood. 

I t i s concluded t h a t the d i s t r i b u t i o n o f a d u l t s o f 

C . s i m i l i s and C.equina a t H o u g h a l l d u r i n g t h e p e r i o d s o f t r a p p i n g 

appears t o have been m a i n l y determined by the d i s t r i b u t i o n of 

dr o p p i n g s f r o m farm animals and n o t by the c o n d i t i o n s o f tem p e r a t u r e 



.59. 

and h u m i d i t y p r e v a i U i n g i n the open f i e l d d u r i n g these t i m e s . 

I t a l s o seems p r o b a b l e t h a t the d i s t r i b u t i o n o f a d u l t s o f 

S.subsultans was governed by food s o u r c e s ^ r a t h e r than by c o n d i t i o n s 

o f t emperature and h u m i d i t y . 

I t appears from Table Ik t h a t t h e d i s t r i b u t i o n o f 

C . h i r t i p e s i s n o t so dependent upon the dung o f farm animals 

as the above s p e c i e s , b u t more p r o b a b l y on a w i d e r v a r i e t y o f 

food s o u r c e s . R i c h a r d s (1930) r e c o r d e d t h a t a d u l t s o f t h i s 

s pecies had a wide range o f h a b i t a t s . The numbers o f a d u l t s 

caught i n the f i e l d c o n t a i n i n g f a r m a n i m a l s may have been reduced 

by the l a r g e q u a n t i t y o f cow dung i n the area as i t i s s i g n i f i c a n t l y 

more a t t r a c t i v e t o t h i s s pecies than horse dung (Table 1 2 ) . 

A d u l t s o f C . s i m i l i s , C.equina, C . h i r t i p e s , and S.subsultans 

were p r e s e n t and a c t i v e i n t h e open f i e l d a t temperatures o f 2if+°C. 

Alt h o u g h h i g h e r temperatures do occur i n n o r t h e r n England, the 

a d u l t s c o u l d e a s i l y a v o i d t h e i r e f f e c t s by moving down i n t o the 

v e g e t a t i o n ; a l s o , e x t r e m e l y low h u m i d i t i e s are n o t l i k e l y t o be 

experienced c l o s e t o d r o p p i n g s , or low down i n v e g e t a t i o n . I t 

w o u l d , t h e r e f o r e , appear t h a t these s p e c i e s w i l l be p r e s e n t i n the 

open f i e l d i n n o r t h e r n England, a t l e a s t d u r i n g c o o l summers, 

such as t h a t o f 19^5. 

No a d u l t s o f C . s u i l l o r u m were r e c o r d e d i n the open 

f i e l d around cow or horse dung d u r i n g t h e two and a h a l f y e a r s 

o f the p r e s e n t s t u d i e s . Duda (1923) r e c o r d e d a d u l t s o f t h i s 

s p ecies as abundant i n damp woods and shady p l a c e s i n Germany, 
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and Richards (1930) found a d u l t s t o be common i n woods on 
d e c a y i n g fungus and c a r r i o n . As t h i s s pecies does n o t appear 
t o l e ave t h e woods and areas o f dense v e g e t a t i o n a t any time 
d u r i n g the year, i t cannot be assumed t h a t the low h u m i d i t i e s 
and h i g h temperatures i n exposed c o n d i t i o n s d u r i n g the summer 
f o r c e t h e a d u l t s t o remain i n shaded s i t u a t i o n s . I t seems 
more p r o b a b l e t h a t t h e y feed on v a r i o u s o r g a n i c media which are 
more abundant i n damp shaded p l a c e s . 

Laurence (1955) suggested t h a t males o f Limosina 

l u g u b r i s are p r o b a b l y more s e n s i t i v e t o low h u m i d i t i e s than 

the females. I t can be seen from Table 14 t h a t t h e r e i s no 

evidence t o suggest t h a t males o f any o f the above sp e c i e s are 

more r e s t r i c t e d than females t o shady, more humid, s i t u a t i o n s . 
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V. THE EFFECTS OF AGEING OF DUNG ON NUMBERS OF ADULTS PRESENT 

Se v e r a l a u t h o r s have d e s c r i b e d the e f f e c t s o f age i n g 

on t h e p r o p e r t i e s o f cow dung and the succession o f a d u l t i n s e c t s 

a s s o c i a t e d w i t h t h i s . Hammer (19^1) found t h a t s p e c i e s o f f l i e s 

e x h i b i t e d r a t h e r s t r i k i n g d i f f e r e n c e s ^ i n t h e i r t i m e s o f a r r i v a l 

on f r e s h cow p a t s . Some appeared i m m e d i a t e l y a f t e r the dung had 

been d e p o s i t e d and o t h e r s appeared m a i n l y on dro p p i n g s s e v e r a l 

h o u r s , o r even days, o l d . C . h i r t i p e s was found on p a t s a few 

mins a f t e r d e p o s i t i o n and under p a t s a few days o l d . Mohr (19^3) 

i n U.S.A. found t h a t f l i e s a t t a i n e d c o n t i n u a l r e p r e s e n t a t i o n as 

l o n g as t h e cow p a t s were occupied by a d u l t i n s e c t s , r i s i n g 

g r a d u a l l y t o a peak i n numbers, f o l l o w e d by a d e c l i n e . L e p t o c e r a 

sp ( u n i d e n t i f i e d ) and C.equina a d u l t s reached a peak on the f i r s t 

day. He observed t h a t the d u r a t i o n o f Leptocera a d u l t s occup

a t i o n o f th e p a t s was g r e a t l y a f f e c t e d by the p r e v a i l i n g weather 

c o n d i t i o n s and t h a t the whole succe s s i o n c o u l d be ' t e l e s c o p e d 1 . 

Laurence (1955) found t h a t a d u l t s o f Limosina l u g u b r i s and 

L . s c u t e l l a r i s reached t h e i r maximum numbers on 2 days o l d p a t s 

and were absent on those 9 days o l d . However, L . c o l l i n i was 

most abundant on p a t s 8 days o l d , and a d u l t s were s t i l l p r e s e n t 

on those 10 days o l d . Landin ( 1 9 6 l ) recorded Scopeuma s t e r c o r a r i a 

a d u l t s as the f i r s t s p e c i e s t o invade cow d r o p p i n g s . 

Handschin (1932) observed a change i n t h e c o l o u r and 

odour o f cow dung 4 days a f t e r d e p o s i t i o n . P r e v i o u s l y , t h e dung 
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a t t r a c t e d L y p e r o s i a , b u t n o t i t s p a r a s i t e Sphalangia. Between 

h- and 10 days, the dung was o n l y a t t r a c t i v e t o the l a t t e r , b u t 

a f t e r 10 days i t was a t t r a c t i v e t o n e i t h e r . I t i s p e r t i n e n t a t 

t h i s j u n c t u r e t o p o i n t out t h a t i n s e c t s seem l a r g e l y a t t r a c t e d t o 

dung by a i r b o r n e molecules ( o d o u r s ) emanating fro m t h e odorous 

c o n s t i t u e n t s . Any a l t e r a t i o n i n the a t t r a c t i v e n e s s o f t h e dung, 

as i t ages, w i l l be caused by t h e l o s s o f v o l a t i l e c o n s t i t u e n t s 

t o the atmosphere, by b i o c h e m i c a l d e c o m p o s i t i o n and by t h e f o r m a t i o n 

o f a c r u s t on c e r t a i n t y p e s o f dung, e.g. cow dung, which tends t o 

pr e v e n t the odours from escaping. The r a t e a t which these processes 

occur, f o r a p a r t i c u l a r type o f dung, w i l l be dependent upon the 

p r e v a i l i n g weather c o n d i t i o n s . 

(1) DUNG AGEING EXPERIMENT USING DIRECT SAMPLING 

9 t r a y s , c o n t a i n i n g 1500gms o f f r e s h s t a b l e horse dung, 

were p l a c e d a t l e a s t 10m a p a r t i n t h e "Piggery Banks" f i e l d 

( F i g . 3 ) . A f t e r 24hrs any a d u l t s p h a e r o c e r i d s p r e s e n t on t h e 

dung were c o l l e c t e d w i t h an a s p i r a t o r , k i l l e d by s u c k i n g i n e t h e r , 

and l a t e r i d e n t i f i e d i n the l a b o r a t o r y . Sampling by t h i s method 

was executed a t Zkhr i n t e r v a l s up t o 10 days from the i n i t i a l 

exposure t i m e . A f u r t h e r s e t o f 9 t r a y s , c o n t a i n i n g 1500gms o f 

f r e s h horse dung, was p l a c e d i n the same area 3 days from t h e onset 

o f the i n v e s t i g a t i o n s , and s i m i l a r l y sampled. A f i n a l s e t o f 

9 t r a y s o f horse dung was a l s o p l a c e d i n the area 6 days from the 

onset o f t h e i n v e s t i g a t i o n s , and s i m i l a r l y sampled. 
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T h i s s i t u a t i o n r e p r e s e n t s a s i m p l i f i e d v e r s i o n of 

what would n o r m a l l y o c c u r when c a t t l e or h o r s e s a r e a d m i t t e d 

to a f i e l d f o r 6 d a y s , and then removed. 10 d a y s a f t e r the 

c a t t l e were f i r s t a d m i t t e d , t h e r e would be a l a r g e number of 

d r o p p i n g s from k - 10 d a y s o l d . A f t e r 10 days o f t h e s e 

i n v e s t i g a t i o n s , t h e r e were 9 t r a y s o f dung 10 d a y s o l d , 9» 

7 days o l d , and 9i ^ days o l d . 

The r a t e o f a g e i n g of the dung i s d i r e c t l y r e l a t e d 

to t h e p r e v a i l i n g c l i m a t i c c o n d i t i o n s i n the environment c l o s e 

to the dung, re£erred ( >by L a n d i n ( I 9 6 l ) a s the " l o c o c l i m a t e " . 

A c c u r a t e measurements of t h e s e c o n d i t i o n s would have n e c e s s i t a t e d 

r e l a t i v e l y s o p h i s t i c a t e d and e x p e n s i v e equipment b e i n g l e f t i n 

the f i e l d o v e r the p e r i o d of i n v e s t i g a t i o n s . T h i s had to be 

a v o i d e d , a s t h e c h a n c e s o f the equipment b e i n g damaged or s t o l e n 

was h i g h . However, the l o c o c l i m a t e i s i n f l u e n c e d by the 

" m a c r o c l i m a t e " ( G e i g e r , 1950), i . e . the c l i m a t e t h a t i s r e c o g n i s e d 

from the m e t e o r o l o g i c a l a s p e c t a s t h a t p r e v a i l i n g a t about 1.5m 

or more above th e ground s u r f a c e . The m e t e o r o l o g i c a l d a t a f o r 

the a p p r o p r i a t e p e r i o d s (from H o u g h a l l O b s e r v a t o r y ) i s shown i n 

Appendix 1. 

A. E f f e c t s o f a g e i n g of the dung on t h e number of 

a d u l t s caught d a i l y 

The e f f e c t s o f the a g e i n g of the dung on the number 

of a d u l t s p r e s e n t i s shown by summing the d a i l y number of m a l e s 

and f e m a l e s of e a c h s p e c i e s caught on dung 1 - k d a y s o l d (no a d u l t s 
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were r e c o r d e d on dung o l d e r than k d a y s ) , and e x p r e s s i n g t h e s e 

v a l u e s a s p e r c e n t a g e s o f the t o t a l number o f a d u l t s c a u g h t , o f 

the p a r t i c u l a r s p e c i e s ( F i g . 6 ) . 

C . s i m i l i s : There was a s l i g h t d e c r e a s e i n the p e r c e n t a g e o f 

a d u l t s c a u g h t from day 1 to day 2, but t h e r e was a c t u a l l y a s l i g h t 

i n c r e a s e i n t h e p e r c e n t a g e of m a l e s caught ( F i g . 6 ) . On the t h i r d 

and f o u r t h days t h e r e was a more marked d e c r e a s e i n the p e r c e n t a g e 

c a u g h t . (A t o t a l o f 160 males and 186 f e m a l e s were caught o v e r 

the 10 d a y s ) . 

C.equina : U n l i k e C . s i m i l i s t h e p e r c e n t a g e o f a d u l t s caught 

r e a c h e d a maximum on t h e second day b u t , a s w i t h C . s i m i l i s , 

t h i s was f o l l o w e d by a marked d e c r e a s e on the t h i r d and f o u r t h 

days (7^ m a l e s and 92 f e m a l e s were c a u g h t ) . 

S . s u b s u l t a n s : There was a p r o g r e s s i v e d e c r e a s e i n the p e r c e n t a g e 

of a d u l t s caught from t h e f i r s t t o the f o u r t h day-(327 m a l e s and 

353 f e m a l e s were c a u g h t ) . 

G . h i r t i p e s : The p r o g r e s s i v e d e c r e a s e i n the p e r c e n t a g e o f 

a d u l t s c a u g h t from the f i r s t to the f o u r t h d a y s was more d r a m a t i c 

than f o r C . s i m i l i s or S . s u b s u l t a n s , and i n f a c t no a d u l t s were 

caught on the f o u r t h days(327 m a l e s and 353 f e m a l e s were c a u g h t ) . 

A d u l t s o f C . s i m i l i s , S . s u b s u l t a n s , and C . h i r t i p e s were 

s t r o n g l y a t t r a c t e d to f r e s h dung, p a r t i c u l a r l y the l a t t e r , w i t h 

maximum numbers r e c o r d e d on the f i r s t day. A d u l t s o f C . e q u i n a 

were a l s o a t t r a c t e d to f r e s h dung, w i t h maximum numbers r e c o r d e d 

on the second day. The r e s u l t s i n F i g . 6 show t h a t the m a l e s and 



F i g . 6 . Percentages (males and females) of t o t a l number of a d u l t s 

of each s p e c i e s caught d a i l y on dung 1 - 4 days o l d . 

June - J u l y 1964 

A. C . s i m i l i s 

B. C.equina 

C. C . h i r t i p e s 

D. S.subsultans 
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f e m a l e s o f each s p e c i e s r e a c t e d s i m i l a r l y t o the a g e i n g o f 

the dung. 

B, I n f l u e n c e of weather c o n d i t i o n s on t h e r a t e 

o f a g e i n g of dung 

The d a i l y numbers o f a d u l t s caught i s dependent upon 

the a t t r a c t i v e n e s s of t h e dung, which i s d i r e c t l y r e l a t e d to 

i t s r a t e o f a g e i n g . T h i s i n t u r n i s c o n t r o l l e d by the p r e v a i l i n g 

w eather c o n d i t i o n s . The 3 s e t s of t r a y s o f dung were p l a c e d i n 

the f i e l d a t c o n s e c u t i v e 3 day i n t e r v a l s , and s a m p l i n g was c a r r i e d 

out d a i l y f o r 10 days from t h e time when the f i r s t s e t of t r a y s 

was p l a c e d i n t h e f i e l d , but a d u l t s were n e v e r caught on 2 s e p a r a t e 

s e t s of t r a y s a t the same tim e . Thus, a s the dung i n the 3 s e t s 

of t r a y s was i n i t i a l l y t he same, any d i f f e r e n c e s i n the p a t t e r n 

of s u c c e s s i o n . o f a d u l t s , o c c u p y i n g the dung on the 3 s e t s o f t r a y s , 

w i l l be m a i n l y d e t e r m i n e d by d i f f e r e n c e s i n w e a t h e r c o n d i t i o n s 

o v e r the 10 d a y s . 

I n F i g . 7 , t h e numbers of a d u l t s of each s p e c i e s caught 

d a i l y , i n each o f t h e 3 s e t s of t r a y s o f dung, a r e e x p r e s s e d a s 

p e r c e n t a g e s o f t h e t o t a l number of a d u l t s o f the p a r t i c u l a r s p e c i e s 

r e c o r d e d on t h a t s e t o f t r a y s . 

C . s i m i l i s : With t h e f i r s t s e t o f t r a y s o f dung the maximum 

p e r c e n t a g e of t h e t o t a l number of a d u l t s was r e c o r d e d on the f i r s t 

day and t h e p e r c e n t a g e s were d r a s t i c a l l y r e d u c e d on the second and 

t h i r d d a y s . No a d u l t s were caught on the f o u r t h day. With the 

second s e t , the p e r c e n t a g e o f a d u l t s r e a c h e d a maximum on the second 



F i g . 7 . Percentage of t o t a l number of a d u l t s of each s p e c i e s 

caught d a i l y on each of 3 s e t s of t r a y s of horse dung. 

June - J u l y 1964 

A. C . s i m i l i s 

B. C.equina 

C. C . h i r t i p e s 

D. S.subsultans 
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day, f o l l o w e d by marked r e d u c t i o n on the t h i r d day. A g a i n , 

no a d u l t s were caught on the f o u r t h day. A l o w e r maximum 

p e r c e n t a g e was r e c o r d e d on the second day f o r the t h i r d s e t 

and t h e r e was a l e s s d r a s t i c r e d u c t i o n on the t h i r d and f o u r t h 

days than p r e v i o u s l y e x p e r i e n c e d . 

G.equina : The r e s u l t s f o r C . e q u i n a and C . s i m i l i s were 

v e r y s i m i l a r . Thus, f o r t h e f i r s t s e t the maximum p e r c e n t a g e 

was r e c o r d e d on the f i r s t day, w h i l e f o r the second and t h i r d 

s e t s i t was r e c o r d e d on the second day. As w i t h C . s i m i l i s 

the l o w e s t maximum p e r c e n t a g e was r e c o r d e d f o r the f o u r t h s e t . 

C . h i r t i p e s : The maximum p e r c e n t a g e was r e c o r d e d on the 

f i r s t day f o r a l l 3 s e t s and no i n d i v i d u a l s were caught on dung 

o l d e r t h a n 3 d a y s . A g a i n , the l o w e s t maximum p e r c e n t a g e was 

r e c o r d e d f o r the t h i r d s e t . 

S . s u b s u l t a n s : As f o r C . h i r t i p e s , t h e maximum p e r c e n t a g e s were 

r e c o r d e d on the f i r s t day f o r a l l 3 s e t s and t h e l o w e s t maximum 

p e r c e n t a g e was r e c o r d e d f o r the t h i r d s e t . 

The d r y , warm (mean d a i l y max.temp., 19.3°C) and 

sunny (mean d a i l y s u n s h i n e , 9.9hrs) c o n d i t i o n s p r e v a i l i n g o v e r 

the f i r s t 3 days ( s e e Appendix 1) r a p i d l y d r i e d out the dung, 

c a u s i n g i t to age q u i c k l y . T h i s was r e f l e c t e d by the h i g h 

maximum c o u n t s t h a t were r e c o r d e d on the f i r s t day. The c o o l e r 

(mean d a i l y max.temp., 17°C), l e s s sunny (mean d a i l y s u n s h i n e , 

6.5hrs) c o n d i t i o n s o v e r the f o u r t h , f i f t h , and s i x t h d a y s , and 

the O . O l i n s of r a i n , tended t o r e d u c e t h e r a t e o f a g e i n g of t h e 
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dung, compared w i t h the f i r s t 3 d a y s . Thus, the maximum d a i l y 

c a t c h f o r C . s i m i l i s and C.equina was r e c o r d e d on the second day. 

Although t h e mean d a i l y max.temp, was 1 9 . o v e r the l a s t k d a y s 

of the i n v e s t i g a t i o n s , t h e r e was l e s s s u n s h i n e (mean d a i l y 

s u n s h i n e , 6.1hrs) and the h u m i d i t y was h i g h e r ( s e e Appendix l ) , 

w i t h 0.6ins of r a i n . The dung d r i e d out more s l o w l y t h a n i n 

the p r e v i o u s p e r i o d s and c o n s e q u e n t l y the r a t e o f a g e i n g was 

r e d u c e d . Thus, the maximum p e r c e n t a g e s r e c o r d e d f o r the t h i r d 

s e t o f t r a y s were the l o w e s t f o r any s e t . 

I t i s i n t e r e s t i n g to no t e t h a t w i t h the f i r s t 2 s e t s 

of t r a y s no a d u l t s were caught i n t h e f o u r t h day. T h i s may 

have been b e c a u s e o f t h e r a p i d r a t e o f a g e i n g o f the dung d u r i n g 

t h e s e p e r i o d s , or more l i k e l y i t was due to the o l d e r dung b e i n g 

u n a t t r a c t i v e i n the p r e s e n c e o f f r e s h dung, p a r t i c u l a r l y w i t h 

the second s e t of t r a y s . The f a c t t h a t a d u l t s o f a l l s p e c i e s 

e x c e p t C . h i r t i p e s were caught on t h e f o u r t h day, on the t h i r d 

s e t o f t r a y s o f dung, was p r o b a b l y due not o n l y to a slow r a t e 

of a g e i n g o f the dung o v e r the l a s t f o u r d a y s , but a l s o t h a t 

the o l d e r dung was not i n c o m p e t i t i o n w i t h f r e s h dung. 

C. P o s s i b l e f a c t o r s a f f e c t i n g the number of 

a d u l t s caught 

Two days a f t e r the dung from the p r e v i o u s e x p e r i m e n t 

had been removed, 9 s i m i l a r t r a y s o f f r e s h h o r s e dung were p l a c e d 

i n the same a r e a . 10.0 Copromyza spp. ( n o t i d e n t i f i e d ) and 

100 a . s u b s u l t a n s a d u l t s were c o l l e c t e d o f f the dung on the f i r s t 
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day, i n 2 a s p i r a t o r s , and marked w i t h r e d and gr e e n a n i l i n e 

d u s t r e s p e c t i v e l y , ( a s p r e v i o u s l y d e s c r i b e d ) . They were 

s i m u l t a n e o u s l y r e l e a s e d 8hrs a f t e r t h e dung was f i r s t p ut o u t , 

and a d u l t s were c o l l e c t e d , a s b e f o r e , a t 2'+hr i n t e r v a l s . 

I n the 10 day e x p e r i m e n t , t h e t o t a l numbers o f a d u l t s 

of C . s i m i l i s , C . e q u i n a , C . h i r t i p e s , and S . s u b s u l t a n s caught were 

352, 166, 322, and 680 r e s p e c t i v e l y . The r e l a t i o n s h i p between 

t h e s e f i g u r e s and the t o t a l number o f a d u l t s o f each s p e c i e s 

t h a t a c t u a l l y v i s i t e d t h e dung was a l m o s t c e r t a i n l y n o t c o n s t a n t . 

F i r s t l y , i n d i v i d u a l s o f S . s u b s u l t a n s tended to remain b e n e a t h the 

dung and d i d not r e a d i l y f l y , making them r e l a t i v e l y e a s y to c a t c h , 

but a d u l t s o f the Copromyza spp. f l e w f a r more r e a d i l y and tended 

to move o f f the dung i n t o the s u r r o u n d i n g v e g e t a t i o n . T h i s made 

a d u l t s o f the Copromyza spp. more d i f f i c u l t to l o c a t e , and t h e y 

o f t e n evaded c a p t u r e by f l y i n g away. S e c o n d l y , the mark and 

r e c a p t u r e i n v e s t i g a t i o n s i n d i c a t e d t h a t S . s u b s u l t a n s a d u l t s tended 

to r e m a i n on, or i n the immediate v i c i n i t y o f t h e dung f o r l o n g e r 

p e r i o d s t h a n t h e a d u l t s o f the Copromyza spp. Thus, l6hrs a f t e r 

t h e marked i n d i v i d u a l s were r e l e a s e d , 99 Copromyza spp. a d u l t s 

were c o l l e c t e d , none o f which were marked, w h i l e 60 i n d i v i d u a l s o f 

S . s u b s u l t a n s were c a u g h t , 3 of w h i c h were marked. A f t e r a f u r t h e r 

2 ^hrs, 76 Copromyza spp. a d u l t s were c o l l e c t e d , none o f w h i c h were 

marked, w h i l e 2 of the ̂ 2 S . s u b s u l t a n s a d u l t s c a u g h t were marked. 

No marked i n d i v i d u a l s were r e c o r d e d a f t e r t h i s t i m e . T h i s s u g g e s t s 

t h a t S . s u b s u l t a n s a d u l t s a r e l e s s m o b i l e t h a n t h o s e o f Copromyza spp. 
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T h e r e f o r e , c o m p a r i s o n s cannot be made between the a c t u a l 
numbers of S . s u b s u l t a n s and Copromyza spp. t h a t were c a u g h t . 

The number o f a d u l t s o f a p a r t i c u l a r s p e c i e s c a u g h t 

d a i l y on the dung w i l l n ot o n l y depend upon the e f f e c t i v e n e s s 

o f the s a m p l i n g method, but a l s o upon : 

( a ) The p o p u l a t i o n d e n s i t y a t the t i m e . 

( b ) A c t i v i t y , i . e . the r a t e o f movement on 

to the dung. 

( c ) The p r e s e n c e o f a l t e r n a t i v e food s o u r c e s i n 

the immediate v i c i n i t y of the s a m p l i n g a r e a . 

( d ) The a t t r a c t i v e n e s s o f the dung. 

Any n a t u r a l changes i n p o p u l a t i o n d e n s i t y t h a t were 

l i k e l y to have o c c u r r e d d u r i n g the 10 day p e r i o d would p r o b a b l y 

have a f f e c t e d the d a i l y number o f a d u l t s caught o n l y to a minor 

d e g r e e . The r e s u l t s o b t a i n e d from the mark and r e c a p t u r e 

i n v e s t i g a t i o n s showed t h a t the removal of a d u l t s (by c o l l e c t i n g ) 

would p r o b a b l y not have r e d u c e d the p o p u l a t i o n d e n s i t y t o a 

s i g n i f i c a n t e x t e n t . 

I f the p o p u l a t i o n d e n s i t y i n the a r e a was r e a s o n a b l y 

c o n s t a n t o v e r the 10 day p e r i o d , t h e n the d a i l y l e v e l o f a c t i v i t y 

o f a p a r t i c u l a r s p e c i e s w i l l be m a i n l y d e t e r m i n e d by the p r e v a i l i n g 

w e a t h e r c o n d i t i o n s . The f l u c t u a t i o n s i n c l i m a t i c c o n d i t i o n s 

e x p e r i e n c e d o v e r the p e r i o d o f i n v e s t i g a t i o n s c annot a c c o u n t f o r 

the d r a m a t i c v a r i a t i o n s i n t h e number of a d u l t s c a u g h t . T h e r e 

were no farm a n i m a l s i n t h e immediate v i c i n i t y o f the s a m p l i n g s i t e , 
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so the e f f e c t s of a l t e r n a t i v e food s o u r c e s would p r o b a b l y be 

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

T h e r e f o r e , i t i s c o n c l u d e d t h a t the a t t r a c t i v e n e s s 

o f the dung was p r o b a b l y the main f a c t o r i n d e t e r m i n i n g t h e 

p a t t e r n o f s u c c e s s i o n of a d u l t s . 

(2) DUNG AGEING EXPERIMENTS USING DETERGENT TRAPS 

Twelve d e t e r g e n t t r a p s ( t y p e A) were sunk i n t o ground 

around 3 t r a y s o f f r e s h h o r s e dung, and 12 s u c h t r a p s were a l s o 

sunk i n the ground around 3 t r a y s of f r e s h cow dung. The t r a y s 

were p l a c e d a t l e a s t 30m a p a r t ( F i g . 5 ) . The t r a p s v/ere e m p t i e d 

d a i l y u n t i l 2 c l e a r days e l a p s e d when no a d u l t s had been c a u g h t . 

Such a programme was e x e c u t e d w i t h h o r s e dung i n May - June 1964 

and w i t h cow and h o r s e dung d u r i n g Aug. 1964 and Apr. 1965* 

The d a i l y Met. r e c o r d s from H o u g h a l l A g r i c u l t u r a l 

C o l l e g e O b s e r v a t o r y , f o r the a p p r o p r i a t e p e r i o d s , a r e shown 

i n Appendix 2. 

A. E f f e c t i v e n e s s o f t r a p p i n g method 

O b s e r v a t i o n s on a d u l t s of t h e Copromyza spp. had 

i n d i c a t e d t h a t t h e y moved on to the dung by r u n n i n g o v e r the 

v e g e t a t i o n , or by s h o r t f l i g h t s . O f t e n , a f t e r s p e n d i n g some 

time on the dung, they tended to move i n t o the v e g e t a t i o n i n t h e 

immediate v i c i n i t y . These c h a r a c t e r i s t i c s made them p a r t i c u l a r l y 

l i a b l e to be caught i n d e t e r g e n t t r a p s s e t around dung. However, 

S . s u b s u l t a n s a d u l t s m a i n l y moved on to and o f f the dung by r u n n i n g 

o v e r the v e g e t a t i o n , and t h e y appeared adept a t a v o i d i n g the t r a p s , 
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p r o b a b l y due to t h e i r p o w e r f u l h i n d l e g s . They a l s o tended 

to r e m a i n on or under the dung once t h e y had r e a c h e d i t . The. 

prdfwTion o f a d u l t s o f t h i s s p e c i e s t h a t v i s i t e d t h e dung and 

were caught i n the d e t e r g e n t t r a p s was a l m o s t c e r t a i n l y l e s s 

t h an f o r the Copromyza spp. Thus, d i r e c t c o m p a r i s o n s between 

a c t u a l numbers of a d u l t s o f S . s u b s u l t a n s and the Copromyza spp, 

cannot be made. 

B. E f f e c t s o f a g e i n g o f dung on the number of -

a d u l t s c a u g h t d a i l y 

I n F i g s . 8, 9, and 10, c u m u l a t i v e p e r c e n t a g e s have 

been c a l c u l a t e d on t h e number of a d u l t s o f eac h s p e c i e s c a u g h t 

d a i l y (when a s u f f i c i e n t number were c a u g h t ) . I n T a b l e 15 

the t o t a l numbers of a d u l t s o f eac h s p e c i e s c a u g h t i n the t r a p p i n g 

p e r i o d s , t h e number of da y s o v e r w h i c h t h e y were c a u g h t , and t h e 

day of t h e maximum c a t c h , a r e shown. The t i m e s i n which the 

f i r s t t w o - t h i r d s o f the t o t a l numbers of a d u l t s o f each s p e c i e s 

were r e c o r d e d (from F i g s . 8, 9, 1 0 ) , a r e a l s o shown. 



F i g . 8 , Cumulative percentage of a d u l t s of each s p e c i e s caught 

d a i l y i n 12 detergent tr a p s (type A) around horse dung. 

May - June 1964 

A. C . s i m i l i s 

B. C.equina 

C. C.nigra 

D. C . h i r t i p e s 

E . S.subsultans 
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F i g , 9 . Cumulative percentage of a d u l t s of each s p e c i e s caught d a i l y 

i n 12 detergent tr a p s (type A) around ( 1 ) horse dung 

( 2 ) cow dung. August 1964 

( 1 ) horse dung — — — — — 

( 2 ) cow dung 

A. C . s i m i l i s 

B. C.equina 

C. C . h i r t i p e s 
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F i g . 1 0 . Cumulative percentage of a d u l t s of each s p e c i e s caught 

d a i l y i n 12 detergent t r a p s (type A) around ( 1 ) horse dung 

( 2 ) cow dung. A p r i l 1965. 

( 1 ) horse dung 

( 2 ) cow dung 

A. C . s i m i l i s 

B. C.equina 

C. C.nigra 

D. C . h i r t i p e s 
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The r e s u l t s i n F i g s . 8, 9» and 10, c l e a r l y show t h a t 

a d u l t s o f t h e Copromyza spp. were most a t t r a c t e d to f r e s h dung 
d u r i n g a l l t h e t r a p p i n g p e r i o d s . Thus, a t l e a s t ^8% of the 
t o t a l number of a d u l t s caught f o r any s p e c i e s was r e c o r d e d i n 
the f i r s t h a l f of t h e time i n w h i c h the t o t a l number were c a u g h t . 
The maximum d a i l y c a t c h was r e c o r d e d on t h e f i r s t and second days 
on a l l o c c a s i o n s , e x c e p t f o r C . n i g r a i n A p r i l , when i t was on t h e 
f o u r t h day ( T a b l e 15). No a d u l t s were r e c o r d e d a f t e r 9 d a y s . 

Only 2 S . s u b s u l t a n s a d u l t s were r e c o r d e d i n A p r i l and 

1 i n August. I n May - June , ^1 a d u l t s v/ere caught o v e r 8 d a y s , 

w i t h t h e maximum d a i l y number b e i n g r e c o r d e d on t h e f i f t h day. 

These r e s u l t s a r e a t v a r i a n c e w i t h t h o s e o b t a i n e d from d i r e c t 

c o u n t s , i . e . l e s s S . s u b s u l t a n s a d u l t s were caught i n d e t e r g e n t 

t r a p s t h a n would have been e x p e c t e d from d i r e c t c o u n t s . T h i s 

may be due to the f a c t t h a t a d u l t s o f t h i s s p e c i e s t e n d to r e m a i n 

on or under the dung f o r l o n g e r p e r i o d s than a d u l t s of the 

Copromyza spp. The maximum count r e c o r d e d on the f i f t h day i n 

May - June c o u l d , t h e r e f o r e , h a v e been due to an exodus o f a d u l t s 

from t h e dung. However, i t a l s o seems p r o b a b l e t h a t a d u l t s o f 

t h i s s p e c i e s a r e l e s s s e n s i t i v e t o the a g e i n g o f the dung than 

the a d u l t s o f the Copromyza spp. 

I n T a b l e 16 t h e numbers o f m a l e s and f e m a l e s o f each 

s p e c i e s caught d a i l y i n d e t e r g e n t t r a p s around h o r s e dung i n 

May - June 196^f and around cow and h o r s e dung i n Aug. 196*f and 

Apr. 1965 a r e shown. I t can be s e e n from t h e s e r e s u l t s t h a t the 



males and f e m a l e s appear to r e a c t s i m i l a r l y to the a g e i n g of 

both cow and h o r s e dung. The a b s e n c e or low numbers of a d u l t s 

of c e r t a i n s p e c i e s i n T a b l e 16 r e f l e c t s s e a s o n a l changes i n t h e i r 

abundance ( s e e S e c t i o n V I ) . 

C. I n f l u e n c e o f weather on t h e r a t e o f a g e i n g 

The d a i l y numbers of a d u l t s caught i n d e t e r g e n t t r a p s 

around dung i s dependent m a i n l y upon th e r a t e o f a g e i n g of t h e 

dung which i s governed by the p r e v a i l i n g w e a t h e r c o n d i t i o n s . 

I t can be s e e n from T a b l e 15 and F i g s . 8, 9» and 10, 

t h a t the p e r i o d o v e r w h i c h f l i e s were c a u g h t i n d e t e r g e n t t r a p s 

around h o r s e dung became s h o r t e r from A p r i l to May - June t o 

August, and i n d e t e r g e n t t r a p s around cow dung i t became s h o r t e r 

from A p r i l t o August (cow dung was not u s e d i n t h e May - June 

e x p e r i m e n t ) . The p e r i o d o v e r which f l i e s were caught around 

cow dung t e n d s to be l e s s t han around h o r s e dung, p a r t i c u l a r l y 

i n August ( F i g s . 8, 9, 10). T h i s i s b e c a u s e cow dung l o s e s i t s 

a t t r a c t i v e n a t u r e more r a p i d l y t h a n h o r s e dung i n warm, dry 

w e a t h e r , due to t h e r a p i d f o r m a t i o n of a c r u s t w h i c h p r e v e n t s 

the odours from e s c a p i n g . The dung u n d e r n e a t h k e e p s an odour 

which a t t r a c t s f l i e s a s soon a s the c r u s t i s broken, even i f the 

d r o p p i n g i s 1 - 2 weeks o l d (Hammer, 19^1). 

From Appendix 2 i t can be seen t h a t c l i m a t i c c o n d i t i o n s 

p r e v a i l i n g d u r i n g t h e A p r i l t r a p p i n g p e r i o d were c o o l (mean d a i l y 

max.temp. 12.1°C) and wet (0.86ins o:f r a i n ) . I n t h e s e c o n d i t i o n s 

the dung would age s l o w l y and c o n s e q u e n t l y a d u l t s were caught up 
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to 9 d a y s , and 67% of the t o t a l number o f a d u l t s was r e c o r d e d 

i n the f i r s t k - 5 d a y s . L e s s t h a n 10% of the t o t a l number o f 

a d u l t s was r e c o r d e d on the f i r s t day, p r o b a b l y due to the low 

t e m p e r a t u r e a t the time r e d u c i n g a c t i v i t y . 

The f i r s t 2 d a y s of the May - June t r a p p i n g p e r i o d were 

hot (mean d a i l y max.temp. 20.9°C) and sunny (mean d a i l y s u n s h i n e 

7.7hrs), w i t h o n l y O . O l i n s of r a i n . The n e x t 5 days were much 

c o o l e r (mean d a i l y max.temp, 13,9°C) and o v e r c a s t (0,2hrs s u n s h i n e 

d a i l y ) , w i t h l . l l i n s o f r a i n . Thus the dung would age r a p i d l y 

o v e r the f i r s t 2 d a y s , l o s i n g most of i t s a t t r a c t i v e n e s s , b u t 

the r a t e o f a g e i n g would then be m a r k e d l y r e d u c e d o v e r the n e x t 

5 d a y s . C o n s e q u e n t l y , 67% of the t o t a l number o f a d u l t s of 

C . s i m i l i s , C . e q u i n a , C . h i r t i p e s , and C . n i g r a were caught i n t h e 

f i r s t 3.5» 1»9» 1»3» and 2.2 days r e s p e c t i v e l y . T h i s i s a 

c o n s i d e r a b l e r e d u c t i o n from the e q u i v a l e n t A p r i l p e r i o d s , but 

the p e r i o d o v e r which t h e t o t a l number of a d u l t s v/ere c a u g h t , 

5 - 8 d a y s , was f a r l e s s r e d u c e d , due to the c o o l damp w e a t h e r 

a f t e r t h e f i r s t 2 d a y s . 

The f i r s t day of the August t r a p p i n g p e r i o d was warm 

and d r y (Appendix 2 ) , Although the second day was s t i l l warm, 

t h e r e was a heavy downpour of r a i n , 0.3^ins. The t h i r d and 

f o u r t h d a y s were q u i t e warm and sunny w i t h o n l y 0.03ins of r a i n , 

L a n d i n (1961) found t h a t a f t e r heavy r a i n h o r s e dung i s l i a b l e 

to r a p i d d e s s i c a t i o n w h i c h i n c r e a s e s t h e r a t e o f a g e i n g of t h e dung. 

T h i s was r e f l e c t e d by a d u l t s o n l y b e i n g caught o v e r 3 - 5 d a y s and 

t h a t t w o - t h i r d s of t h e t o t a l number v/ere r e c o r d e d i n the f i r s t 2 d a y s . 
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3. INFLUENCE OF SHADE ON THE RATE OF AGEING OF DUNC-

I n v e s t i g a t i o n s on t h e a g e i n g of dung were r e s t r i c t e d 

to exposed c o n d i t i o n s , a s d r o p p i n g s a r e r a r e l y d e p o s i t e d i n t h e 

shade a t H o u g h a l l due to the l a c k o f h i g h hedges and t r e e s around 

the f i e l d s . L a n d i n ( l 9 o l ) c o m p r e h e n s i v e l y s t u d i e d the e f f e c t s o f 

weat h e r on t h e p r o p e r t i e s o f dung d e p o s i t e d i n exposed and shaded 

c o n d i t i o n s . I n the shade dung i s l e s s l i a b l e to r a p i d d e s s i c a t i o n , 

h i g h t e m p e r a t u r e s and the e f f e c t s o f heavy r a i n . The r a t e of 

a g e i n g o f the dung i n s u c h a s i t u a t i o n i s g e n e r a l l y l e s s r a p i d 

than i n exposed s i t u a t i o n s . 

k. OVIPOSITION AND AGEING OF DUNG 

F r e s h s t a b l e h o r s e dung was c o l l e c t e d w i t h i n 2 - 3hrs 

of i t b e i n g d e p o s i t e d , s e a l e d i n p o l y t h e n e bags, and s u b j e c t e d 

to below -30°C f o r s e v e r a l days to k i l l any s p h a e r o c e r i d eggs 

p r e s e n t . 2 t r a y s were f i l l e d w i t h 1500gms of f r e s h h o r s e dung 

and c o v e r e d w i t h m u s l i n ( f i n e enough to e x c l u d e a d u l t s p h a e r o c e r i d s ) . 

These were p l a c e d i n an a r e a f r e e from farm a n i m a l s a t H o u g h a l l , 

i . e . t he " P i g g e r y B a n k s " f i e l d ( F i g . 3 ) . S u b s e q u e n t l y , 2 s u c h 

t r a p s were p l a c e d d a i l y i n t h e a r e a a t l e a s t 20ra a p a r t , o v e r 

6 d a y s . On the s e v e n t h day (7 May 1965) the m u s l i n was removed 

and the dung l e f t exposed f o r 2*thrs. The dung was the n t a k e n 

back to t h e l a b o r a t o r y and p l a c e d i n m u s l i n topped j a r s a t 15°G. 

Any a d u l t s t h a t emerged were r e c o r d e d . 

Two s u c h m u s l i n c o v e r e d t r a y s of s t a b l e h o r s e dung t h a t 

had been l e f t i n the a r e a f o r 1 and 7 days r e s p e c t i v e l y , but n o t 
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exposed, were brought back t o the l a b o r a t o r y . 1.00 C . s i m i l i s 

eggs, from l a b o r a t o r y c u l t u r e s , were i n s e r t e d i n t o each sample 
o 

of dung. The s a m p l e s were t h e n p l a c e d a t 15 C i n m u s l i n topped 

j a r s and any emergences were r e c o r d e d . 

I n T a b l e 1? the numbers of a d u l t s o f e a c h s p e c i e s 

t h a t emerged from the d i f f e r e n t s a m p l e s of dung a r e e x p r e s s e d 

a s p e r c e n t a g e s of the t o t a l number o f emergences of t h a t s p e c i e s , 

from a l l t h e s a m p l e s . 

TABLE 17. P e r c e n t a g e s of a d u l t s o f e a c h s p e c i e s t h a t emerged from 

h o r s e dung which had been exposed i n the f i e l d a t 

d i f f e r e n t a g e s 
C . s i m i l i s O. e q u i n a S . s u b s u l t a n s 

Age of dung 
when f i r s t No. of No. of No. of 
exposed a d u l t % a d u l t % a d u l t % 

emerg of emerg of emerg o f 
e n c e s T o t a l e n c e s T o t a l e n c e s T o t a l 

F r e s h 100 ^6.7 30 3^.0 ^9 35.5 
1 day 8*f 39.3 26 29.5 ^6 33.3 
2 »• 12 5.6 16 18.2 22 23.9 

3 " 10 4-.7 8 9.1 8 5.8 
4 " 8 3.7 8 9.1 2 l . * f 

5 " 0 0 0 0 0 0 

6 " 0 0 0 0 0 0 

I t c an be s e e n from T a b l e 17 t h a t the g r e a t e s t number 

of a d u l t s o f C . s i m i l i s , C .equina, and S . s u b s u l t a n s emerged from 

dung w h i c h was exposed when i t was f r e s h . As the age o f t h e dung 
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on exposure i n c r e a s e d , so the number of a d u l t s t h a t emerged 
from i t d e c r e a s e d . No emergences were r e c o r d e d from dung-
o l d e r t h a n k d a y s on e x p o s u r e . A l t h o u g h a d u l t s o f o t h e r 
S p h a e r o c e r i d a e were p r e s e n t i n the f i e l d a t the time of t h i s 
i n v e s t i g a t i o n , i t a p p e a r s t h a t t h ey d i d not o v i p o s i t i n t h e 
samples of dung. 

There was an 8% l a r v a l m o r t a l i t y i n the dung t h a t 

was 1 day o l d when the eggs were p l a c e d i n i t , compared v/ith 

a 13% m o r t a l i t y i n the dung t h a t was 7 d a y s o l d v/hen the eggs 

were p l a c e d i n i t . The d i f f e r e n c e s i n the number of a d u l t s 

t h a t emerged from the v a r i o u s s a m p l e s of dung were, t h e r e f o r e , 

p r e d o m i n a n t l y c a u s e d by the f e m a l e s p r e f e r r i n g to o v i p o s i t i n 

f r e s h dung. D i f f e r e n t i a l m o r t a l i t y would p r o b a b l y o n l y have 

had a s l i g h t e f f e c t on the number of a d u l t s t h a t emerged. 
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V I . SEASONAL DISTRIBUTION OF ADULTS 

(1) SAMPLING TECHNIQUE 

A s a m p l i n g regime was c a r r i e d out from May 196^ to 

A p r i l 1966 i n a f e n c e d a r e a a t H o u g h a i l ( F i g . 5 ) , u s i n g 12 

d e t e r g e n t t r a p s ( t y p e A) around 3 t r a y s o f f r e s h h o r s e dung 

( p r e v i o u s l y deep f r o z e n f o r s e v e r a l d a y s ) . The t r a p s were 

l e f t i n the f i e l d f o r a p e r i o d of 7 d a y s , u s u a l l y a t l e a s t 

once a month, and the dung was removed a f t e r e a c h p e r i o d . 

C a r e was t a k e n to keep the v e g e t a t i o n around the t r a p s s h o r t 

a t a l l t i m e s , and sodium c h l o r i d e was added to the d e t e r g e n t 

s o l u t i o n d u r i n g the w i n t e r t o p r e v e n t i t from f r e e z i n g . A 

s i m i l a r s a m p l i n g regime, u s i n g 12 d e t e r g e n t t r a p s ( t y p e A) 

around 3 t r a y s of f r e s h cow dung ( p r e v i o u s l y deep f r o z e n ) , was 

e x e c u t e d i n the same f e n c e d a r e a from March 1965 to A p r i l 1966. 

D u r i n g t h i s p e r i o d 6 such t r a p s were sunk i n t o a l a r g e manure 

heap n e x t to the "Gov/ P a s t u r e " f i e l d ( F i g . 3 ) . From March 1965 

to A p r i l 1966 a l l 30 t r a p s were p l a c e d i n the f i e l d a t the same 

time and emptied 7 days l a t e r . 

Twelve d e t e r g e n t t r a p s ( t y p e A) were a l s o p l a c e d around 

3 t r a y s of f r e s h h o r s e dung ( p r e v i o u s l y deep f r o z e n ) i n H o l l i n g s i d e 

woods ( F i g . 3 ) f o r 7-day p e r i o d s from 10 May to 6 August 1965. 

The v e g e t a t i o n around th e t r a y s was k e p t s h o r t . 

(2) E F F I C I E N C Y OF TRAPPING TECHNIQUE 

To j u s t i f y the u s e o f t h i s t r a p p i n g t e c h n i q u e i t i s 

n e c e s s a r y to c o n s i d e r the p o s s i b l e s o u r c e s of e r r o r i n v o l v e d . 
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The s i z e of t h e c a t c h w i l l be i n f l u e n c e d not o n l y by p o p u l a t i o n 

changes, but a l s o by the f o l l o w i n g f a c t o r s (Southwood, 1966) : 

1. Changes i n the number o f a n i m a l s i n a 

p a r t i c u l a r "phase". 

2. Changes i n a c t i v i t y . 

3. Changes i n the e f f i c i e n c y of the t r a p s . 

4. The r e s p o n s i v e n e s s o f a p a r t i c u l a r s e x 

and s p e c i e s to the t r a p s t i m u l u s . 

The " p h a s e " th e a n i m a l i s i n w i l l have l i t t l e or no 

e f f e c t on the c a t c h , a s c o p r o p h i l o u s s p h a e r o c e r i d s of a l l a g e s 

a r e a t t r a c t e d to dung. The d i u r n a l c y c l e of a c t i v i t y w i l l have 

no e f f e c t on the t o t a l number of a d u l t s c a u g h t , a s t r a p p i n g was 

c o n t i n u e d o v e r p e r i o d s o f 7 d a y s . C o u l s o n (1956) c o n c l u d e d t h a t 

" s t i c k y t r a p s g i v e a measure of a c t i v i t y , but i f t h e i n s e c t s a r e 

grouped i n t o l o n g enough p e r i o d s , t h e n t h e y a l s o g i v e a measure 

of abundance".- I t i s c o n s i d e r e d t h a t the 7-day monthly t r a p p i n g 

p e r i o d s were o f s u f f i c i e n t d u r a t i o n t o g i v e a measure of the change 

of abundance from month t o month. 

Snow i s p r o b a b l y the o n l y w e a t h e r f a c t o r t h a t i s l i k e l y 

to s e r i o u s l y a f f e c t the e f f i c i e n c y of the d e t e r g e n t t r a p s . The 

e f f e c t of wind speed on c a t c h s i z e i s p r o b a b l y f a i r l y s m a l l , a s 

most of t h e a d u l t s a p proach the dung, and hence the t r a p s , by 

r u n n i n g o v e r the v e g e t a t i o n , or by s h o r t low l e v e l f l i g h t s . 

F l i e s a t t r a c t e d to dung tend to move up wind, bu t a s t h e r e were 

k d e t e r g e n t t r a p s s e t around the dung, the wind d i r e c t i o n would 

be r e l a t i v e l y u n i m p o r t a n t . 
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The e f f i c i e n c y of the t r a p s depends upon the 
a t t r a c t i v e n e s s of the b a i t , i . e . t h e dung, which v a r i e s 
a c c o r d i n g to i t s age. The r a t e o f a g e i n g i s d e t e r m i n e d 
by p r e v a i l i n g w eather c o n d i t i o n s and w i l l be more r a p i d i n 
d r y , warm w e a t h e r . However, the e r r o r t h a t i s c a u s e d by 
i n c r e a s e d r a t e of a g e i n g i n warm w e a t h e r i s p r o b a b l y p a r t i a l l y 
compensated f o r by an i n c r e a s e i n the r a t e of movement of t h e 
a d u l t s on to the dung. Low t e m p e r a t u r e s r e d u c e both the r a t e 
of a g e i n g and the r a t e movement of a d u l t s on to the dung.. 

The d e t e r g e n t t r a p s u s e d i n the p r e s e n t s t u d i e s a c t 

i n b a s i c a l l y the same way a s p i t f a l l t r a p s , and c r i t i c a l s t u d i e s 

on the e f f i c i e n c y of t h e s e have been made by M i t c h e l l (1963) and 

G r e e n s l a d e (1964) w o r k i n g on C a r a b i d b e e t l e s . G r e e n s l a d e (1964) 

found t h a t the e f f i c i e n c y o f t r a p s v a r i e d from s p e c i e s to s p e c i e s . 

I t h a s been o b s e r v e d i n the p r e s e n t s t u d i e s , and d i s c u s s e d p r e v i o u s l y , 

t h a t a d u l t s o f S . s u b s u l t a n s appear to be more adept a t a v o i d i n g 

d e t e r g e n t t r a p s than t h o s e of the Copromyza spp. T h e r e f o r e , 

d i r e c t c o m p a r i s o n s between a c t u a l numbers o f the two g e n e r a have 

been a v o i d e d . G r e e n s l a d e (1964) a l s o found the e f f i c i e n c y o f 

the t r a p s v a r i e d from h a b i t a t to h a b i t a t , and t h a t the c a t c h was 

a f f e c t e d , b o t h q u a l i t a t i v e l y and q u a n t i t a t i v e l y , by the l e v e l of 

the mouth of the t r a p and the a r e a o f ground around the t r a p t h a t 

was f r e e of v e g e t a t i o n . 
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To m i n i m i z e t h e s e s o u r c e s o f e r r o r , the f o l l o w i n g 
p r e c a u t i o n s were t a k e n : 

1. A l l the t r a p s were sunk i n t o the ground w i t h 

t h e i r mouths f l u s h w i t h t h e s o i l s u r f a c e or 

t h e s u r f a c e o f the manure heap. 

2. The changes i n p o p u l a t i o n were e s t i m a t e d m a i n l y 

from t r a p p i n g around h o r s e dung and, to a l e s s e r 

e x t e n t , cow dung i n the open f i e l d . 

3. A l l the t r a p s i n the open f i e l d v/ere s e t w e l l a p a r t f 

but t h e y v/ere sunk i n t o f a i r l y f l a t a r e a s of a g r a s s 

s t r i p i n a f e n c e d o f f s i t e . 

k. The g r a s s w i t h i n a lm r a d i u s of the t r a y s was k e p t 

s h o r t ( l e s s t h a n 3cm i n h e i g h t ) throughout the tv/o 

y e a r s o f t r a p p i n g . T h e r e f o r e , the v e g e t a t i o n c o u l d 

not impede the movement o f a d u l t s towards the t r a p s . 

H a v i n g t a k e n the above p r e c a u t i o n s , i t i s c o n s i d e r e d 

t h a t t h e t r a p p i n g t e c h n i q u e i s a v a l i d method of e s t i m a t i n g 

p o p u l a t i o n changes of c o p r o p h i l o u s S p h a e r o c e r i d a e . 

(3) TRAPPING RESULTS 

A. C . s i m i l i s 

A t o t a l o f '-1-668 C . s i m i l i s a d u l t s were caught i n 

two y e a r s around h o r s e dung and t h i s was the h i g h e s t t o t a l 

r e c o r d e d f o r any s p e c i e s . I n Fig.11 the t o t a l number of 

a d u l t s c a u g h t i n the 12 d e t e r g e n t t r a p s i n each 7-day p e r i o d 

a r e shown. I t can be seen from Fig.11 t h a t a d u l t s v/ere most 



F i g . 1 1 . Numbers of C . s i m i l i s a d u l t s caught i n 7-day periods 

approximately once monthly 

A. 12 detergent t r a p s (type A) around 3 t r a y s o f horse dung 

May 1964 - A p r i l 1966 

B. 12 detergent t r a p s (type A) around 3 t r a y s of cow dung 

March 1965 - A p r i l 1966 

C. 6 detergent t r a p s (type A) i n a l a r g e manure heap 

March 1965 - A p r i l 1966 
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abundant i n l a t e autumn, winter, and e a r l y s p r i ng, but there was 

a marked reduction i n the numbers caught i n J u l y , August, and 

September. However, a d u l t s were caught on every occasion that 

trapping was c a r r i e d out, with the peak numbers i n l a t e November 

and December. 

Only 382 a d u l t s were caught i n 12 detergent traps around 

cow dung from March 19&5 to A p r i l 1966, compared with 2773 i n 

12 traps around horse dung i n the same period. I t can be seen 

from Fig.11 that the seasonal occurrence of a d u l t s i n cow dung was 

very s i m i l a r to that i n horse dung with numbers low throughout the 

summer and g r e a t l y i n c r e a s e d i n November and December. The January 

catch was again low, but the population i n c r e a s e d i n March. 

Adults of C . s i m i l i s were uncommon i n the manure heap, 

only k2 being caught i n 6 detergent traps from March 1965 to 

A p r i l 1966, and 26 of these v/ere recorded i n the f i r s t two months. 

Adults v/ere not caught from May to September 1965, but small numbers 

were recorded from October 1965 to A p r i l 1966 ( F i g . l l ) . 

The seasonal occurrence of a d u l t s i n the manure heap was 

not only dependent upon the population a t the time, but a l s o upon 

the q u a l i t y and nature of the dung that the heap was composed of. 

The p r i n c i p a l components of the manure heap were p i g and cow dung, 

but the proportion of the l a t t e r was reduced during the summer. 

The supply of f r e s h p i g dung, v/hich was r e g u l a r l y added to the 

heap, was o c c a s i o n a l l y i n t e r r u p t e d i n the summer. V a r i a t i o n s 

i n the composition of the heap would a f f e c t the numbers and s p e c i e s 
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composition of the a d u l t s present. The r e s u l t s obtained from 
trapping i n the manure heaps are, t h e r e f o r e , of more value i n 
comparing the number of a d u l t s of d i f f e r e n t s p e c i e s present at 
various times of the year, r a t h e r than f or estimating seasonal 
f l u c t u a t i o n s i n populations. 

A t o t a l of 10 a d u l t s was caught i n 12 detergent t r a p s 

around 3 t r a y s of f r e s h horse dung i n woods during k trapping 

periods from May to August 1965, compared with 10^f caught by the 

same number of tr a p s around horse dung i n the open f i e l d during 

the same period. This i n d i c a t e s that there v/as no marked 

tendency for a d u l t s to move i n t o woods during the summer. 

I t can be seen from Table 17 that d i f f e r e n c e s i n the sex r a t i o s 

of f l i e s caught i n detergent traps around cow and horse dung and 

i n the manure heap are not s i g n i f i c a n t . 
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B. G.equina 

Adults of C.equina were l e s s abundant than those of 

C . s i m i l i s . 13^1 were caught from May 19&h to A p r i l 1966 

compared with -̂668 of the l a t t e r , and a l s o the population of 

C,.equina did not f l u c t u a t e as markedly. Adults of C.equina 

were most abundant i n s p r i n g and l a t e autumn. 

I t can be seen from Fig.12 that there was a decrease 

i n the number of a d u l t s that were caught around horse dung a f t e r 

May 1964, and the minimum catch for 196*f was recorded i n e a r l y 

October. The i n c r e a s e i n l a t e November was l e s s dramatic than 

for C . s i m i l i s , and a f t e r a decrease i n December only 2 and k adult 

were recorded i n January and February 1965 r e s p e c t i v e l y . As for 

C . s i m i l i s , there was an i n c r e a s e i n the numbers caught i n s p r i n g . 

The summer reduction i n population was l e s s pronounced than for 

C . s i m i l i s , while the maximum catch for 1965 was recorded i n 

October, as opposed to November for C . s i m i l i s . T h i s was followed 

by a p r o g r e s s i v e reduction i n the population i n November, December 

and January, and a s l i g h t i n c r e a s e i n March and A p r i l 1966. The 

adult population of C.equina i s l e s s reduced i n the summer and 

more i n midwinter than that of C . s i m i l i s . . Thus, during the 

autumn, winter, and e a r l y s p r i ng, a d u l t s of C . s i m i l i s are the 

more abundant, while i n the summer the p o s i t i o n i s r e v e r s e d . 

As for C . s i m i l i s , the t o t a l number of a d u l t s caught i n 

detergent t r a p s around cow dung, 13^» was f a r l e s s than the number 

caught around horse dung, 59^» i n the same period. The seasonal 



Fig.12. Numbers of C, equina adults caught in 7-day periods 

approximately once monthly 

A, 12 detergent traps (type A) around 3 trays of horse dung 

May 1964 - A p r i l 1966 

B. 12 detergent traps (type A) around 3 trays of cow dung 

March 1965 - A p r i l 1966 

. C. 6 detergent traps (type A) i n a large manure heap 

March 1965 - A p r i l 1966 
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p a t t e r n of the numbers of a d u l t s caught around cow dung was 

s i m i l a r to that described for horse dung, with a decrease i n the 

population from May to- September and an i n c r e a s e i n October 

( F i g . 1 2 ) . The maximum catch for 1965 w a s recorded i n e a r l y 

November and t h i s was followed by a progressive decrease i n 

catch s i z e i n December and January. Although there was an 

i n c r e a s e i n population i n March, i t f e l l i n A p r i l . 

Adults were abundant i n manure, 133^ being caught i n 

6 detergent traps from March ±965 to A p r i l 1966. The g r e a t e s t 

numbers were recorded i n March, A p r i l , May, and November 1965» 

but a d u l t s were scar c e from J u l y to October and from December to 

A p r i l 1966 (Fig.12). The marked f l u c t u a t i o n s i n the number of 

a d u l t s caught at v a r i o u s times of the year are not unexpected ias 

the numbers caught were dependent not only upon the population 

density^but a l s o on the s t a t e of the dung i n the heap. An 

i n t e r e s t i n g point i s that C.equina was p r e v i o u s l y thought to be 

f a r more r e s t r i c t e d to horse dung than C . s i m i l i s (Richards, 193°)» 

but i n the present work a d u l t s of the former were much more 

abundant i n the manure heap (composed of pig and cow dung). 

Only 7 a d u l t s were caught i n 12 detergent traps.; around 

horse dung i n woods from May 1965 to August 1965, compared with 

158 caught i n 12 such t r a p s around 3 t r a y s of horse dung i n the 

open during the same period. The a d u l t s did not, t h e r e f o r e , 

appear to move i n t o woods during the summer, but remained i n the 

open f i e l d . 
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I t can be seen from Table 17 that the d i f f e r e n c e s i n 

the sex r a t i o s of f l i e s caught i n detergent t r a p s around cow and 

horse dung and i n the manure heap are not s i g n i f i c a n t . 

C. C . h i r t i p e s 

A t o t a l of 3769 a d u l t s were caught i n detergent t r a p s 

around horse dung from May 196*+ to A p r i l 1966. I t can be seen 

from Fig.13 that i n 196*+ the population remained high from e a r l y 

May to l a t e September and maximum catches were recorded i n l a t e 

May and e a r l y August. From November there was a decrease i n the 

population and a d u l t s were not recorded during December and January. 

A f t e r a peak i n A p r i l , the population f e l l from May to J u l y , but 

t h i s was followed by a peak i n e a r l y August. Again there was a 

winter d e c l i n e and a d u l t s were not recorded i n January, but a high 

catch was recorded i n A p r i l . 

Adults of C . h i r t i p e s were the most abundant of any s p e c i e s 

i n cow dung. A t o t a l of 1837 a d u l t s v/ere caught from March 1965 

to A p r i l 1966. The seasonal occurrence of a d u l t s was s i m i l a r to 

that described for horse dung, with a peak i n A p r i l , and the 

population reduced i n May, June, and J u l y , followed by an i n c r e a s e 

i n August and September. Adults were absent i n January, but again 

there was a dramatic r i s e i n the number caught i n A p r i l . A s i m i l a r 

p a t t e r n of seasonal occurrence of a d u l t s on cow dung was recorded 

by Laurence (1955). 

Only 7 a d u l t s were caught i n 6 detergent traps i n the 

manure heap from March 1965 to A p r i l 1966. Richards (193°) recorded 



Fig.13. Numbers of C.hirtipes adults caught i n 7-day periods 

approximately once monthly 

A. 12 detergent traps (type A) around 3 trays of horse dung 

May 1964 - A p r i l 1966 

B. 12 detergent traps (type A) around 3 trays of cow dung 

March 1965 - A p r i l 1966 

C. 6 detergent traps (type A) i n a large manure heap 

March 1965 - A p r i l 1966 
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t h i s s p e c i e s as having a wide range of h a b i t a t s and as commonest 

on dung, i n c l u d i n g that of cows. I t appears, from the present 

s t u d i e s , to be mainly r e s t r i c t e d to dung i n the form of droppings, 

deposited i n the open f i e l d , a n d to be r a r e i n manure heaps. Only 

•̂8 a d u l t s were caught i n 12 detergent traps around horse dung i n 

woods from May to August 1965, compared with 6^1 caught by an equal 

number of t r a p s around 3 t r a y s of horse dung i n the open f i e l d 

during the same period. This i n d i c a t e s that a d u l t s tend to remain 

i n the open f i e l d during the summer and do not move i n t o the woods. 

I t can be seen from Table 17 that s i g n i f i c a n t l y more 

males than females were caught around both cow and horse dung. 

This cannot be accounted for by an excess of males emerging 

(see S e c t i o n V I I , 3 ) . Laurence (1955) a l s o caught more males 

than females of t h i s s p e c i e s on cow dung. Richards (193^) 

examined adult sphaerocerids from many c o l l e c t i o n s and recorded 

the number of i n d i v i d u a l s of not only each s p e c i e s , but each sex. 

He concluded that the sex r a t i o so obtained has probably some 

s i g n i f i c a n c e , for the specimens v/ere derived from so many c o l l e c t i o n s 

that i n most cases they may be regarded as a random sample of the 

population i n h a b i t i n g England. He reasoned that i n c e r t a i n cases 

the preponderance of one sex i s more l i k e l y to be due to d i f f e r e n c e s 

i n the length of l i f e r a t h e r than a d i f f e r e n c e i n h a b i t s . 

Richards (1930) i d e n t i f i e d 135 males and 136 females of C . h i r t i p e s 

and t h i s d i f f e r e n c e i s not s i g n i f i c a n t . Presumably the l i f e span 

of both sexes i s the same and, t h e r e f o r e , the preponderance of 

males around horse and cow dung must be due to d i f f e r e n c e s i n h a b i t s 
between the sexes. 



.91. 

D. C.nigra 

A t o t a l of lOkk a d u l t s was caught i n detergent t r a p s 

around horse dung from May 196*f to A p r i l 1966. I t can be seen 

from F i g . l 4 that the peak i n population for 196*f was i n May, 

but no a d u l t s were caught from J u l y to October. Adults were 

caught i n November and December, but not i n January. The peak 

i n population for 1965 w a s a l s o i n May, but a f t e r t h i s , a d u l t s 

were not caught u n t i l October and November. Adults were absent 

again u n t i l A p r i l . 

A. t o t a l of 316 a d u l t s was caught i n detergent t r a p s 

around cow dung from March 1965 to A p r i l 1966, compared with 

561 caught around horse dung i n the same period. I t can be seen 

from F i g . l 4 that seasonal occurrence of a d u l t s was s i m i l a r to that 

described for horse dung, except that a d u l t s were caught i n 

December and January around cow dung. 

A t o t a l of 15^ a d u l t s was caught i n detergent t r a p s i n 

the manure heap from March 1965 to A p r i l 1966. Adults were most 

abundant from March 1965 to May 1965, but none were recorded from 

J u l y to October 1965 and January to March I966 ( F i g . l ^ f ) . 

A t o t a l of 3̂ h a d u l t s was caught from 10 to 1? May and 

from 27 May to 3 June 1965 i n 12 detergent traps around horse dung 

i n woods. None were recorded i n J u l y and August. The f a i l u r e 

to l o c a t e a d u l t s from J u l y to September i n the present i n v e s t i g 

a t i o n , and from J u l y to August by Richards (1930), may be due to 

the low population d e n s i t y during those months. However, 

Richards recorded i n d i v i d u a l s on dead l e a v e s , presumably i n woods; 



Fig.14. Numbers of C.nigra adults caught i n 7-day periods 

approximately once monthly 

A. 12 detergent traps (type A) around 3 trays of horse dung 

May 1964 - A p r i l 1966 

B. 12 detergent traps (type A) around 3 trays of cow dung 

March 1965 - A p r i l 1966 

C. 6 detergent traps (type A) in a large manure heap 

March 1965 - A p r i l 1966 
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and i f the a d u l t s tend to remain beneath the l e a v e s , where i t 

i s cool and damp, t h i s would e x p l a i n why they are d i f f i c u l t to 

f i n d . I t i s a l s o p o s s i b l e that t h i s s p e c i e s spends the summer 

as l a r v a e i n a s t a t e of diapause. Laurence (195*0 found that 

l a r v a e of S m i t t i a and T r i c h o c e r a enter a diapause during the 

summer when the temperature i s high. 

I t can be seen from Table 17 that the d i f f e r e n c e s i n 

the sex r a t i o s of f l i e s caught i n detergent traps around cow and 

horse dung and i n the manure heap are not s i g n i f i c a n t . 

E. C . n i t i d a 

Richards (1930) recorded e i t h e r males or females for 

every month of the year, with both sexes most abundant i n May. 

In England a d u l t s of C . n i t i d a are n e a r l y always found i n woods. 

A t o t a l of 8l0 a d u l t s was caught i n detergent t r a p s 

around horse dung from May 1964 to A p r i l 1966, but they were only 

recorded i n the open f i e l d during the winter and were absent from 

May to September (Fig . 1 5 ) . The population i n the open f i e l d was 

at i t s highest i n November and December i n both 1964 and 1965. 

A t o t a l of 279 a d u l t s was caught i n detergent t r a p s 

around cow dung from March 1965 to A p r i l 1966 compared with 334 

around horse dung i n the same period. The seasonal pattern was 

very s i m i l a r to that recorded around horse dung. Adults were 

absent from May to September and maximum catches were again 

recorded i n November and December ( F i g . 1 5 ) . 



F i g . 1 5 . Numbers of C . n i t i d a a d u l t s caught i n 7-day periods 

approximately once monthly 

A. 12 detergent t r a p s (type A) around 3 t r a y s of horse dung 

May 1964 - A p r i l 1966 

B. 12 detergent t r a p s (type A) around 3 t r a y s of cow dung 

March 1965 - A p r i l 1966 

C. 6 detergent t r a p s (type A) i n a l a r g e manure heap 

March 1965 - A p r i l 1966 
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No a d u l t s were r e c o r d e d i n d e t e r g e n t t r a p s i n t h e 

manure heap. 

A. t o t a l o f 20 a d u l t s was caught i n d e t e r g e n t t r a p s 

around h o r s e dung i n woods from May to August 1965 f but a d u l t s 

were r e c o r d e d f o r e a c h month. The f a c t t h a t a d u l t s were r e c o r d e d 

i n the open f i e l d i n w i n t e r and were p r e s e n t i n woods, but n o t i n 

the open, d u r i n g t h e summer, must be m a i n l y due to t h e i r r e a c t i o n 

to low h u m i d i t y and h i g h t e m p e r a t u r e i n exposed s i t u a t i o n s d u r i n g 

the summer. 

I t can be seen from T a b l e 17 t h a t s i g n i f i c a n t l y more 
2 

m a l e s t h a n f e m a l e s were caught around cow dung = 19.1» 

d . f . = 1, P. <0.001), but not around h o r s e dung. L a u r e n c e (1955) 5 

however, c o l l e c t e d 21 m a l e s and 39 f e m a l e s o f f cow p a t s i n 12 months. 

The p r e p o n d e r a n c e o f m a l e s caught i n d e t e r g e n t t r a p s around cow dung, 

and t h e e x c e s s of f e m a l e s caught on cow dung, may be due t o t h e 

f e m a l e s s p e n d i n g more time a c t u a l l y on the dung, p e r h a p s f o r the 

purpose of egg l a y i n g . R i c h a r d s (1930) r e c o r d e d s i g n i f i c a n t l y 

more m a l e s t h a n f e m a l e s from a number of s e p a r a t e c o l l e c t i o n s , 

w i t h the g r e a t e s t e x c e s s of m a l e s i n September and O c t o b e r . I n 

the p r e s e n t i n v e s t i g a t i o n the p r e p o n d e r a n c e o f m a l e s was most 

marked i n October and November, w h i l e from J a n u a r y to A p r i l 1965 

and i n December I966 t h e r e was an e x c e s s of f e m a l e s around h o r s e 

dung. 

These s e a s o n a l i r r e g u l a r i t i e s i n s e x r a t i o and the 

r e s u l t s o b t a i n e d by L a u r e n c e (1955) i n d i c a t e t h a t the p r e p o n d e r a n c e 
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of m a les i s more l i k e l y t o be due to a d i f f e r e n c e i n h a b i t s 
between t h e s e x e s , r a t h e r than t o d i f f e r e n c e s i n l i f e span, 
a s s u g g e s t e d by R i c h a r d s (1930)• The p o s s i b i l i t y o f the 
d i f f e r e n c e b e i n g c a u s e d by an e x c e s s of f e m a l e s emerging can 
be e x c l u d e d ( s e e S e c t i o n V I I , 5). 

F . S . s u b s u l t a n s 

A t o t a l o f 139 a d u l t s was caught i n d e t e r g e n t t r a p s 

around h o r s e dung from May 196*1- t o A p r i l 1966. I n 196̂ - a d u l t s 

were most abundant i n s p r i n g and were a b s e n t from October u n t i l 

A p r i l I965 ( F i g . 1 6 ) . Low numbers were r e c o r d e d from A p r i l t o 

September, and t h e y were a b s e n t from October 1965 u n t i l A p r i l 1966, 

A t o t a l of 35 a d u l t s ; was r e c o r d e d from March 1965 to 

A p r i l 1966, compared w i t h 20 caught around h o r s e dung i n the same 

p e r i o d . S m a l l c a t c h e s were r e c o r d e d from A p r i l to November and 

a d u l t s were a b s e n t i n December and J a n u a r y , but p r e s e n t i n low 

numbers a g a i n i n March and A p r i l ( F i g . l 6 ) . 

A t o t a l o f 2368 a d u l t s was caught i n 6 d e t e r g e n t t r a p s 

i n t h e manure heap from March 1965 to May 1966. A d u l t s o f 

S . s u b s u l t a n s were th e most abundant of any s p e c i e s i n the manure 

heap. I t can be s e e n from F i g . l o t h a t a d u l t s were most abundant 

i n A p r i l and May, but t h i s s p e c i e s was r e p r e s e n t e d on a l l the 

o c c a s i o n s when t r a p p i n g was c a r r i e d o u t . The a d u l t s a r e w e l l 

adapted f o r movement i n manure w i t h p o w e r f u l h i n d l e g s . T h e i r 

r e l u c t a n c e t o f l y , a s p r e v i o u s l y d e s c r i b e d , i s p r o b a b l y a l s o an 

a d a p t a t i o n t o l i v i n g i n l a r g e a c c u m u l a t i o n s of dung o r o t h e r 

o r g a n i c m a t t e r . 



F i g . 1 6 . Numbers of S.subsultans a d u l t s 

approximately once monthly 

A. 12 detergent t r a p s (type A) 

May 1964 - A p r i l 1966 

B. 12 detergent t r a p s (type A) 

March 1965 - A p r i l 1966 

C. 6 detergent t r a p s (type A) 

March 1965 - A p r i l 1966 

caught i n 7-day periods 

around 3 t r a y s of horse dung 

around 3 t r a y s of cow dung 

i n a l a r g e manure heap 



CO 

to 

z 
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Only 3 a d u l t s were r e c o r d e d i n d e t e r g e n t t r a p s around 
h o r s e dung i n woods from May 1965 t o August 1965. 

The r e was no s i g n i f i c a n t d i f f e r e n c e between t h e numbers 

of m a l e s and f e m a l e s c a u g h t i n d e t e r g e n t t r a p s around cow and 

h o r s e dung ( T a b l e 1 ? ) , but t h e r e were s i g n i f i c a n t l y more f e m a l e s 

than m a l e s r e c o r d e d i n d e t e r g e n t t r a p s i n the manure heap 

(% = 18.1, P. <0.001, d . f . = 1 ) . R i c h a r d s (1930) a l s o r e c o r d e d 

s i g n i f i c a n t l y more f e m a l e s than m a l e s from a number of s e p a r a t e 

c o l l e c t i o n s . The d i f f e r e n c e may be c a u s e d by t h e f e m a l e s l i v i n g 

l o n g e r , a s s u g g e s t e d by R i c h a r d s , but the e x c e s s o f m a l e s c a u g h t 

around cow dung i n d i c a t e s t h a t the d i f f e r e n c e i s p o s s i b l y due to 

a d i f f e r e n c e i n h a b i t s between the s e x e s . The f e m a l e s may be 

more r e s t r i c t e d to manure heaps or l a r g e a c c u m u l a t i o n s of o r g a n i c 

m a t t e r than the m a l e s . The p o s s i b i l i t y o f the d i f f e r e n c e b e i n g 

c a u s e d by an e x c e s s o f f e m a l e s emerging can be e x c l u d e d ( s e e 

S e c t i o n V I I , 6 ) . 

G. Other s p e c i e s 

a ) C . s t e r c o r a r i a : 3 a d u l t s v/ere caught around 

h o r s e dung i n the open i n August I965, and 2 around h o r s e dung 

i n woods i n J u l y 1965. 

b) C . s u i l l o r u m : 30 a d u l t s were r e c o r d e d around 

h o r s e dung i n woods i n J u l y and August I965. 

c ) S . n i t i d a : 28 a d u l t s of S p h a e r o c e r a n i t i d a Duda 

were r e c o r d e d around h o r s e dung from May to September. 
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V I I . DURATION OF DEVELOPMENT AND SEASONAL EMERGENCE OF ADULTS 

From May 1964 t o May 1965» a t the end of each trapping-

p e r i o d ( d e s c r i b e d i n S e c t i o n V I , 1 ) , a 500gm sample o f h o r s e dung 

was t a k e n from each o f the t r a y a . The dung was p l a c e d i n s u c h a 

b r e e d i n g cage a s was d e s c r i b e d i n S e c t i o n I , A, but w i t h the p o l y -

g l a z e top r e p l a c e d by f i n e m u s l i n . The c a g e s a c t e d a s emergence 

t r a p s and were l e f t on t h e ground j u s t o u t s i d e t h e l a b o r a t o r y . 

Any f l i e s t h a t emerged were removed d a i l y w i t h an a s p i r a t o r , 

i d e n t i f i e d , and the d u r a t i o n of development r e c o r d e d . The 

e n v i r o n m e n t a l c o n d i t i o n s i n t h i s s i t u a t i o n were o b v i o u s l y somewhat 

d i f f e r e n t from t h o s e i n t h e f i e l d , but the emergence t r a p s c o u l d 

not be l e f t away from the c l o s e p r o x i m i t y of the l a b o r a t o r y i n 

c a s e t h e y were i n t e r f e r e d w i t h . The t e m p e r a t u r e c l o s e to t h e 

l a b o r a t o r y was p r o b a b l y s l i g h t l y h i g h e r than i n the f i e l d , 

p a r t i c u l a r l y i n the w i n t e r , due to t h e h e a t e m i t t e d from, and 

r e f l e c t e d by, the b u i l d i n g s . 

The e f f e c t s o f the t r a p on t h e m i c r o c l i m a t e w i t h i n 

were not i n v e s t i g a t e d , but Southwood & S i d d o r n (1965) found t h a t 

s h a l l o w m e t a l emergence t r a p s d i d not reduce t h e f l u c t u a t i o n s i n 

t e m p e r a t u r e i n s i d e a s much a s deep m u s l i n ones, b e c a u s e the 

i n s u l a t i n g l a y e r o f a i r was s m a l l e r . As the emergence t r a p s 

used i n t h e s e i n v e s t i g a t i o n s were made m a i n l y o f t h i n m e t a l and 

were t h r e e - q u a r t e r s f i l l e d w i t h dung, i t seems p r o b a b l e t h a t t h e 

i n t e r n a l f l u c t u a t i o n s i n t e m p e r a t u r e were b r o a d l y s i m i l a r t o t h e 

e x t e r n a l o n e s . 
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TABLE 1 8 ( i ) Numbers of a d u l t emergences from s a m p l e s of h o r s e dung 

exposed f o r 7-day p e r i o d s i n the f i e l d and the mean 
d u r a t i o n o f development { - S.D.) 

Date dung 
was f i r s t C . s i m i l i s C . e q u i n a C . h i r t i p e s 
exposed ( l ) (2) (1) (2) ( l ) (2) 

1964 

8 May 74 18.0 40 18.0 4 

29 May 0 - 4 16.0 0 

26 June ) 
) 

17 J u l y 
1 
) 

Aug 0 0 0 7 Aug ) 0 0 
) 

28 Aug ) 

18 Sept 4 20.0 0 - 0 

9 Oct 4 27.0 2 27.0 0 

30 Oct 57 54.0. 0 - 0 

20 Nov 1366 71.1^3.3 175 73.3-4.0 0 

11 Dec 2495 83.0^4.6 1 86.0 0 

1965 
8 J a n 0 - 0 - 0 

9 Feb 1228 53.9^11.6 69 53.1-2.7 0 

12 Mar 942 37.1-1.4 68 37.1-1.4 4 

8 Apr 400 32.1^0.5 92 32.1-0.6 9 

7 May 59 22.5-0.8 87 21.8-1.4 1 

18.0 

36.0 

32.0 

25.0 

(1) No. of a d u l t s 

(2) Mean emergence time ( i s . D . ) 



.97a. 
TABLE l 8 C i i ) Number of a d u l t emergences from samples o f h o r s e 

dung exposed f o r 7 -day p e r i o d s i n the f i e l d and 

t h e mean d u r a t i o n of development (- S.D.) 
Date dung 
was f i r s t 
exposed 

C . n i t i d a 
(1) (2) 

C . n i g r a 
(1) (2) 

S . s u b s u l t a n s 
(1) (2) 

196k 

8 May 0 0 36 20.0 

29 May 0 0 2 2^.0 

26 June 0 0 0 -

17 J u l y 0 0 1 20.0 

7 Aug 0 0 1. 2k.0 

28 Aug 0 0 11 26.0^1.6 

18 Sept 0 0 2 25.0 

9 Oct 0 0 0 — 

30 Oct 120 165.0^0.^5 0 0 — 

20 Nov 189 iki. o±4.5 0 0 -

11 Dec 87 123.8^1.6 8 111.0 0 — 

1963 

8 J a n 61 107.9-0.63 0 0 — 

9 Feb 336 82.5±3.5 0 0 -
12 Mar h2 61.9-1.3 4 56.0 0 -
8 Apr 12 5'+. 8-0.4 0 0 -
7 May 0 0 0 ... 

(1) No. of a d u l t s 

(2) Mean emergence time (^S.D.) 
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The numbers o f a d u l t s t h a t emerged from each s e t o f 

samples of dung and the mean d u r a t i o n o f development (-' 3.D.) 

f o r each s p e c i e s a r e shown i n T a b l e l 8 . The d u r a t i o n o f 

development i s t a k e n a s the i n t e r v a l i n days from the d e p o s i t i o n 

of t h e dung to the emergence of the a d u l t s . T h i s does not t a k e 

i n t o c o n s i d e r a t i o n the p o s s i b i l i t y t h a t eggs c o u l d have been l a i d 

i n dung up to 7 d a y s from the i n i t i a l e x p o sure t i m e . However, 

the r e s u l t s i n S e c t i o n V i n d i c a t e t h a t f e m a l e s t e n d to o v i p o s i t 

o n l y i n f r e s h dung. The o n l y time when o v i p o s i t i o n i n dung 

o l d e r than 3 - ^ d a y s might o c c u r would be i n w i n t e r , and a s the 

d u r a t i o n o f development i s extended by low t e m p e r a t u r e s , the e r r o r 

would be p r o p o r t i o n a l l y q u i t e s m a l l . 

(1) C . S I M I L I S 

A t o t a l o f 6629 a d u l t s emerged from 16 s e t s o f t h r e e 

500gm s a m p l e s of h o r s e dung t h a t had been exposed f o r 7-day p e r i o d s 

from May 196*f to May 1965. 

No a d u l t s emerged from s a m p l e s exposed from the end o f 

May u n t i l t h e end o f August and o n l y a few emerged from t h o s e 

exposed i n September and October ( T a b l e 18). However, l a r g e 

numbers of i n d i v i d u a l s emerged from s a m p l e s exposed i n November, 

December, F e b r u a r y , March, and A p r i l . The peak i n the number of 

emergences was r e c o r d e d from t h e December s a m p l e s . No a d u l t s 

emerged from the s a m p l e s o f dung t h a t had been i n the f i e l d from 

8 - 15 J a n u a r y a l t h o u g h the a d u l t p o p u l a t i o n was h i g h a t t h i s t i m e . 

The low t e m p e r a t u r e s p r e v a i l i n g a t the time may have i n h i b i t e d egg 

l a y i n g . 
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The g r e a t e s t number of a d u l t s of C . s i m i l i s emerged, 

from dung t h a t had been exposed when th e p o p u l a t i o n d e n s i t y was 

a t i t s h i g h e s t , i . e . from November to A p r i l . A l t h o u g h L a u r e n c e 

(1955)- a l s o found t h a t no a d u l t s emerged from cow dung d u r i n g the 

summer, i t cannot be c o n c l u d e d t h a t t h i s s p e c i e s does not b r e e d 

i n t h e summer, a s emergences were r e c o r d e d from c a r t - h o r s e dung 

t h a t had been exposed i n the f i e l d a t H o u g h a l l d u r i n g J u l y and 

August 1964. 

A t o t a l o f 3281 males and 3348 f e m a l e s emerged from 

samples of h o r s e dung, but the d i f f e r e n c e i s not s i g n i f i c a n t 

(X= 0.7, d . f . = 1, P. >0.3). 

(2) C. EQUINA. 

A t o t a l o f 538 a d u l t s emerged from s a m p l e s o f h o r s e dung. 

Emergences were r e c o r d e d from dung exposed i n May and e a r l y J u n e , 

but none were r e c o r d e d a f t e r t h i s u n t i l October ( T a b l e 18). The 

g r e a t e s t number o f emergences was r e c o r d e d from dung exposed i n 

l a t e November, F e b r u a r y , March, A p r i l , and May, and i n t h e s e 

months the a d u l t p o p u l a t i o n was a l s o a t i t s h i g h e s t . A l t h o u g h 

the number of emergences of C . e q u i n a was f a r l e s s t h a n f o r 

C . s i m i l i s from dung exposed i n w i n t e r and e a r l y s p r i n g , more of 

the former were r e c o r d e d from dung exposed i n l a t e May 1964 and 

May 1965. As f o r C . s i m i l i s , i t cannot be assumed t h a t t h i s s p e c i e 

does not b r e e d i n the summer, a s emergences were r e c o r d e d from c a r t 

h o r s e dung d e p o s i t e d i n t h e f i e l d d u r i n g J u l y and August 1964. 

A t o t a l o f 252 males and 286 f e m a l e s emerged from s a m p l e s 

of h o r s e dung but t h e d i f f e r e n c e i s not s i g n i f i c a n t (% 2=2.3, d.f.= 
P..>0.1). 
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(3) C.HIRTIPSS 

Only l8 a d u l t s emerged from the samples of h o r s e 

dung and a l l of t h e s e were from dung exposed i n the s p r i n g 

( T a b l e 18). As a d u l t s of t h i s s p e c i e s a r e numerous on h o r s e 

dung a t c e r t a i n t i m e s of the y e a r , i t can be c o n c l u d e d t h a t t h e y 

a r e a t t r a c t e d to f e e d r a t h e r t h a n to o v i p o s i t . 

A t o t a l of 10 m a l e s and 8 f e m a l e s emerged from 

s a m p l e s of h o r s e dung, but the d i f f e r e n c e i s not s i g n i f i c a n t 

( X2 = 0.2, d . f . = 1, P.> 0.5). 

(4) C.NIGRA 

E i g h t a d u l t s emerged i n May 1965 from dung exposed 

i n the f i e l d d u r i n g December 1964 and 4 a d u l t s emerged i n May from 

dung exposed i n March ( T a b l e 18). The low numbers of emergences 

i n d i c a t e t h a t the f e m a l e s o v i p o s i t more f r e q u e n t l y i n o t h e r media. 

The peak i n the a d u l t p o p u l a t i o n i n e a r l y May was p r o b a b l y due to 

a l a r g e number of a d u l t s emerging a t the t i m e , and t h i s i s s u p p o r t e d 

by the f a c t t h a t none of the f e m a l e s was g r a v i d . A t o t a l o f 

7 m a l e s and 5 f e m a l e s emerged from s a m p l e s o f h o r s e dung, but t h e 

d i f f e r e n c e i s n o t s i g n i f i c a n t (X, = 0.3, d . f . = 1, P.>0.5). 

(5) C.NITIDA 

A t o t a l o f 846 a d u l t s emerged from s a m p l e s of h o r s e 

dung and i t can be seen from T a b l e 18 t h a t the g r e a t e s t number 

emerged i n November and December. L a u r e n c e (1955) r e c o r d e d the 

d u r a t i o n of development a s t h e i n t e r v a l i n days between th e 

d e p o s i t i o n o f the cow p a t and the emergence of the a d u l t s . He found 



t h e d u r a t i o n of development f o r G . n i t i d a to be 196-20.5, 100-112, 

and 87-107 days i n p a t s d e p o s i t e d i n November, J a n u a r y , and 

F e b r u a r y r e s p e c t i v e l y . From e x a m i n a t i o n of the t e c h n i q u e s 

he employed i t can be c o n c l u d e d t h a t a d u l t s must have emerged 

from dung d e p o s i t e d i n J a n u a r y and p r o b a b l y F e b r u a r y b e f o r e t h o s e 

from dung d e p o s i t e d i n November. A s i m i l a r p a t t e r n was o b s e r v e d 

i n t h e p r e s e n t s t u d i e s a s a d u l t s emerged from dung exposed from 

30 October to 5 November 1964, i n l a t e A p r i l 1965, and i n e a r l y 

and m i d - A p r i l 1965, from dung exposed from 20-27 November 1964, 

and 11-18 December 1964 r e s p e c t i v e l y . 

Eggs l a i d from l a t e November to A p r i l a p p e a r e d to 

d e v e l o p n o r m a l l y , but the d e l a y i n development from eggs l a i d i n 

l a t e O c t o ber and e a r l y November c o u l d be a c c o u n t e d f o r by some 

form of d i a p a u s e . T h i s i s u n l i k e l y t o o c c u r i n the egg or e a r l y 

l a r v a l s t a g e s , a s i t h a s been shown i n the p r e s e n t s t u d i e s t h a t 

the n u t r i e n t v a l u e of the dung d e c r e a s e s w i t h age. The l a r v a e 

p r o b a b l y e n t e r d i a p a u s e i n m i d - w i n t e r , and t h i s s t a t e i s b r o k e n 

i n s p r i n g . The c o n d i t i o n s t o w h i c h t h e female i s s u b j e c t e d 

p r i o r to egg l a y i n g may d e t e r m i n e whether the l a r v a e e n t e r a 

d i a p a u s e i n w i n t e r . The d e t e r m i n i n g f a c t o r i s p r o b a b l y 

t e m p e r a t u r e and/or day l e n g t h . Presumably, the h i g h e r the 

t e m p e r a t u r e and the l o n g e r t h e d a y s , t h e more l i k e l y f e m a l e s a r e 

to l a y eggs t h a t h a t c h to g i v e l a r v a e which e n t e r a d i a p a u s e i n 

m i d - w i n t e r . L a u r e n c e (1954) r e c o r d e d a mean g r a s s minimum 

t e m p e r a t u r e f o r November 1950 a t Rothamsted of 33. 1°F, w h i l e a t 

l l o u g h a l l i t was 33.3°F from 7 October - 3 November 1964. The 
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e n t r y of the l a t e l a r v a l or p r e - p u p a l s t a g e i n t o d i a p a u s e c o u l d 
be c o n t r o l l e d by the c o n d i t i o n s to which the e a r l y l a r v a l s t a g e s 
a r e s u b j e c t e d . The l a r v a e t h a t h a t c h e d from eggs l a i d from 
30 October - 5 November 196*1- were s u b j e c t e d to much h i g h e r 
t e m p e r a t u r e s d u r i n g the f i r s t 3-4 weeks of development t h a n 
t h o s e t h a t h a t c h e d from eggs l a i d from 20-27 November 196*1-. 
The a v e r a g e t e m p e r a t u r e f o r November was 6.*f°C, compared w i t h 
2.2°C f o r December. ( R e c o r d s from Durham U n i v e r s i t y Meteor
o l o g i c a l S t a t i o n ) . I f t h i s s u g g e s t i o n i s c o r r e c t , t h e n 
t e m p e r a t u r e i s a l m o s t c e r t a i n l y the c o n t r o l l i n g f a c t o r , a s the 
l a r v a e d e v e l o p i n ^ e n v i r o n m e n t where t h e r e i s l i t t l e or no l i g h t . 

A t o t a l o f 403 males and 4*1-3 f e m a l e s emerged from 

s a m p l e s o f h o r s e dung, but the d i f f e r e n c e i s not s i g n i f i c a n t 

(X 2 = 1.9, d.f. = 1, P.>0.1). 

(6) S.SUBSULTANS 

A t o t a l of 53 a d u l t s emerged from s a m p l e s o f h o r s e 

dung. A l l the a d u l t s t h a t emerged were r e c o r d e d from dung 

exposed from May - September 196*f ( T a b l e 18). Those t h a t 

emerged from dung exposed i n J u l y and August were the o n l y 

ones r e c o r d e d of any s p e c i e s . 

A t o t a l of 31 ma l e s and 22 f e m a l e s emerged from 

s a m p l e s of h o r s e dung, but t h e d i f f e r e n c e i s not s i g n i f i c a n t 

( X2 = 1.5, d . f . = 1, P. >0.2). 
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V I I I . RELATIVE ABUNDANCE OF C . S I M I L I S AND C.EQUINA IN 

THREE CONTRASTING L O C A L I T I E S IN ENGLAND 

Duda (1923) r e c o r d e d C . e q u i n a a s v e r y common 

throughout Europe on h o r s e dung, and S p u l e r (1925) gave many 

l o c a l i t i e s i n N. A m e r i c a . N i e l s e n , R i n g d a h l 8c Tuxen (1954) 

l i s t e d t he d i s t r i b u t i o n a s Europe to n o r t h e r n m o s t S c a n d i n a v i a , 

B r i t i s h I s l e s , the A z o r e s , M a d e i r a , the C a n a r i e s , N, A m e r i c a , 

and t h e F a r o e s . They found a d u l t s a l l o v e r I c e l a n d , e x c e p t i n 

the c e n t r a l h i g h l a n d s , but r a t h e r r a r e . 

Duda (1923) r e c o r d e d C . s i m i l i s a s a p p a r e n t l y commoner 

i n N o r t h e r n Europe than C . e q u i n a and mentioned p a r t i c u l a r l y t h e 

f o l l o w i n g a r e a s : L a p l a n d , F a r o e s , I s l a n d o f Borkum, Che U r a l s , 

Germany, A u s t r i a , and B o s n i a . N i e l s e n , R i n g d a h l & Tuxen (1954) 

r e c o r d e d i t s d i s t r i b u t i o n a s Europe to n o r t h e r n m o s t S c a n d i n a v i a , 

B r i t i s h I s l e s , Borkum, the U r a l s , and the F a r o e s . They found i t 

to be v e r y common a l l o v e r I c e l a n d . 

(1) SAMPLING TECHNIQUE AND L O C A L I T I E S 

From May 1965 to A p r i l 1966 monthly s a m p l e s o f 150 

a d u l t s were c o l l e c t e d o f f h o r s e dung i n f i e l d s where h o r s e s had 

been p r e s e n t f o r some time i n the f o l l o w i n g l o c a l i t i e s : 

1. Moor House Nature R e s e r v e , Westmorland ( N a t . G r i d . 

Ref.NY/758329). T h i s a r e a h a s been d e s c r i b e d by Manley (1936) 

a s h a v i n g a s u b - A r c t i c c l i m a t e and i t i s one of t h e c o l d e s t p l a c e s 

i n E n g l a n d . The samples were t a k e n a t about l S O O f t . 
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2. Durham (Nat.Grid.Ref ,NZ/27Vfl2). Specimens were 

c o l l e c t e d i n f i e l d s adjacent to the U n i v e r s i t y of Durham Science 

Laboratories, representing lowland conditions i n northern England. 

3. Wareham i n Dorset (Nat.Grid.Ref.SY/87287i), 

representing lowland conditions i n southern England. 

The mean maximum, mean minimum, and average monthly 

temperatures from January 19&5 to A p r i l 1966, recorded at each 

s i t e , are shown i n Appendix 3« As there was no meteorological 

s t a t i o n at Wareham, the records from the Poole Observatory, 

5 miles north east, were used. 

(2) RELATIVE SEASONAL ABUNDANCE OF C.SIMILLS AND C.EQUINA IN 

THE THREE LOCALITIES 

In Fig.17, the monthly numbers of adul t s of C . s i m i l i s 

and C.equina c o l l e c t e d at each s i t e are expressed as percentages 

of the whole catch f o r t h a t month, at the p a r t i c u l a r s i t e . 

Adults of C.equina were rare at Moor House; only 

22 were c o l l e c t e d over the year, compared w i t h 1378 of C . s i m i l i s . 

The former were only found during the warmer months of the year, 

June - October, and they were r e l a t i v e l y most abundant i n June. 

Snow during November, December, and February prevented c o l l e c t i o n s 

from being made. 

In Durham, ad u l t s of C.equina were the more abundant 

from May - October, and t h e i r highest percentages of the monthly 

catches were i n June and August (Fig.17). Adults of C . s i m i l i s 

were the more abundant from November to A p r i l , and t h e i r 

p r o p o r t i o n of the monthly catch rose from November to reach a 

http://Nat.Grid.Ref.SY/87287i


F i g . 1 7 . Percentages of C . s i m i l i s and C.equina i n t o t a l monthly c a t c h 

for both s p e c i e s a t each s i t e . 

A. Moor House Nature Reserve, Westmorland 

B. Durham 

C. Wareham, Dorset 
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maximum of 83% i n March. A t o t a l of 992 adults of C . s i m i l i s 

and 808 of C.equina were recorded i n the year. 

In Wareham, ad u l t s of C.equina v/ere f a r more abundant 

i n May and June. However, f o r the r e s t of the sampling periods 

the monthly proportions were i r r e g u l a r , but q u i t e close to u n i t y 

( F i g . 1 ? ) . A t o t a l of 1013 adults of C.equina and 787 of C . s i m i l i s 

were recorded i n the year. 

(3) COMPARISONS OF THE TOTAL NUMBERS OF C ..SIMILIS AND C..EQUINA 

CAUGHT IN THE THREE LOCALITIES 

Adults of both species are common i n horse dung and 

as equal numbers v/ere c o l l e c t e d each month, the t o t a l numbers 

should give a v a l i d i n d i c a t i o n of the r e l a t i v e abundance of the 

two species i n the d i f f e r e n t l o c a l i t i e s . C . s i m i l i s i s obviously 

s i g n i f i c a n t l y more abundant than C.equina at Moor House, compared 

v/ith Durham or Wareham. A X value has been ca l c u l a t e d on the 

t o t a l numbers of adults of C . s i m i l i s and C.equina caught at Durham 

and Wareham, using a n u l l hypothesis t h a t the d i s t r i b u t i o n i s 

e q u a l i t y . C . s i m i l i s i s s i g n i f i c a n t l y more abundant than C.equina 

i n Durham, compared w i t h V/areham ( % = ^.7, d,f. = 1, P. <0.05). 

I t can be seen from Appendix 3 t h a t the average, monthly 

temperatures recorded at Moor House were c o n s i s t e n t l y lower than 

those at Durham, which were lower than those at Wareham, while the 

r e l a t i v e abundance of C . s i m i l i s compared w i t h C.equina decreased 

from Moor House to Durham to V/areham. This i n d i c a t e s t h a t as the 

climate becomes progressively.colder from southern England to the 
mountains of northern England, so the r e l a t i v e abundance of C . s i m i l i s 

increases 
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IX. ADULT ACTIVITY 

Coprophilous sphaerocerids are a t t r a c t e d to dung to 

feed and/or o v i p o s i t . The present studies have shown t h a t as 

dung ages so i t s a t t r a c t i v e n e s s to adul t s and i t s n u t r i e n t value 

to both adults and larvae decreases. The r a t e of ageing i s 

dependent upon c l i m a t i c conditions and i s accelerated during 

the summer. Thus, the r a p i d invasion of f r e s h l y deposited dung 

by a d u l t s i s important, p a r t i c u l a r l y i n the summer. Assuming 

there are i n d i v i d u a l s w i t h i n the population t h a t are i n a stat e 

to be a t t r a c t e d , then the r a t e at which the f r e s h l y deposited dung-

i s colonised w i l l depend, i n p a r t , upon i t s p r o x i m i t y to these 

i n d i v i d u a l s and t h e i r l e v e l of a c t i v i t y . The l e v e l of a c t i v i t y 

of an ins e c t i s governed by i t s d i u r n a l cycle, and the expression 

of t h i s a c t i v i t y w i l l be conditioned by the p r e v a i l i n g c l i m a t i c 

conditions (Southwood, 1966), 

(1) MOVEMENT OF ADULTS ON TO DUNG 

A. Movement during the summer 

Trapping was c a r r i e d out on 5 occasions, around mid-day, 

i n l a t e J u l y and ea r l y August 1965, using detergent traps (type B):. 

Two t r a p s , baited w i t h fresh horse dung, were placed 10m apart i n 

the "Cow Pasture" f i e l d (Fig.3) which contained cows, sheep, and 

a horse. Care was taken to place the traps at l e a s t 10m away 

from fresh dung, deposited by these animals. At 15min i n t e r v a l s 

any f l i e s t h a t had been caught were removed w i t h f i n e forceps and 

placed i n tubes of a l c o h o l . Trapping was continued f o r 3 - 5hrs 
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and the dung was renewed whenever i t showed signs of ageing. 
This technique was employed i n preference to d i r e c t sampling 
with an a s p i r a t o r , as the l a t t e r method proved d i f f i c u l t i n 
operation and the i n v e s t i g a t o r i nfluenced the r e s u l t s by 
c o n t i n u a l l y i n t e r f e r i n g w i t h the movement of adu l t s on to the 
dung. The shade temperature, at approximately 5cms above 
ground l e v e l , was recorded a t l^min i n t e r v a l s , and the humidity 
was recorded every 30mins, j u s t above the vegetation l e v e l , using 
a w h i r l i n g hygrometer. Notes were taken on r a i n f a l l , sunshine, 
and windspeed. 

(a) Movement on to dung immediately a f t e r exposure 

On the 5 occasions t h a t t r a p p i n g was executed, 

i n d i v i d u a l s of C . h i r t i p e s and C.equina were caught w i t h i n 1 - ^fmins 

of the dung being exposed. This r a p i d movement towards the dung, 

immediately a f t e r exposure, i s also demonstrated by comparing the 

catches f o r the f i r s t 15mins and the mean l^rains catch f o r a 

p a r t i c u l a r t r a p p i n g period (Table 19). I t can be seen from 

Table 19 t h a t the f i r s t 15min catch was u s u a l l y greater than the 

mean 15min c a t c h ( f o r the subsequent 3 - 5hrs). The high numbers 

of C . h i r t i p e s and C.equina adults caught are i n d i c a t i v e of high 

population d e n s i t i e s i n the area, w h i l e , conversely, the low 

numbers of C . s i m i l i s a d u l t s were almost c e r t a i n l y due to a low 

population density. 
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TABLE 19. The number of adults of each species caught i n the 

f i r s t 15mins of t r a p p i n g , compared w i t h the mean 

15min catch, f o r the whole 3 - 5hrs of trapping 

"No. of ad u l t s 

C . s i m i l i s C . equina C.h i r t i p e s 

1st 
15mins 

Mean 
l^mins 

1st 
15mins 

Me an 
15mins 

1st 
15mins 

Mean 
15mins 

29 J u l y 6 3 55 k6 39 25 

2 Aug 8 2 12 8 16 12 

k Aug 8 2 47 33 7 if 

11 Aug 3 9 62 40 17 18 

12 Aug 6 6 02 63 ^9 55 

(b) The inf l u e n c e of c l i m a t i c conditions 

The numbers of adults of each species caught during 

30min periods, the temperature, humidity, r a i n f a l l , and sunshine 

are shown i n f i g . l S . The r a i n f a l l has been s u b j e c t i v e l y c l a s s i f i e d 

i n t o l i g h t and heavy. Only very l i g h t winds were experienced and 

probably the f l u c t u a t i o n s i n wind speed had l i t t l e e f f e c t on 

a c t i v i t y w i t h i n a p a r t i c u l a r t r a p p i n g period. 

D i r e c t comparisons between l e v e l s of a c t i v i t y on 

d i f f e r e n t days have been avoided, due to any unknown changes i n 

population i n the area and the varying q u a n t i t i e s of a l t e r n a t i v e 

fresh dung t h a t may have been present. The a c t u a l reduction i n 

the numbers of adults present i n the area, because of tr a p p i n g , 

was probably not s i g n i f i c a n t , as there were very high numbers 



F i g . 1 8 . Numbers of a d u l t s of each s p e c i e s caught i n 2 detergent t r a p s 

(type B) b a i t e d w i t h dung during 30min periods from : 

10.45 - 15.15hrs 29 J u l y ; 09.40 - 14.40hrs 2 August; 

09.25 - 12.55hrs 4 August; 10.00 - 15.00hrs 11 August; 

12.25 - 15.25hrs 12 August 1965. 

Temperature and r e l a t i v e humidity recorded a t 15min i n t e r v a l s . 

O b s e r vations on r a i n f a l l and sunshine, continuous. 
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of a dults associated w i t h the large q u a n t i t i e s of dung i n the 

f i e l d and the considerable manure heaps close to the edge of the 

f i e l d . 

The r e l a t i o n s h i p between r e l a t i v e humidity and a c t i v i t y 

i s d i f f i c u l t to evaluate from these r e s u l t s . Sphaerocerids 

i n h a b i t damp humid places (Laurence, 1955) and Hammer (19^1) 

pointed out that they are s e n s i t i v e to low h u m i d i t i e s . Therefore, 

presumably, only low humidi t i e s could i n h i b i t a c t i v i t y . However, 

during the lowest h u m i d i t i e s , recorded on 11 and 12 August, 

a c t i v i t y was s t i l l high ( F i g . l S ) . This does not preclude the 

p o s s i b i l i t y t h a t there may have been greater a c t i v i t y at the 

same temperature i f the humidity had been higher, or tha t a c t i v i t y 

would not have been i n h i b i t e d at lower h u m i d i t i e s . High h u m i d i t i e s 

may w e l l favour high l e v e l s of a c t i v i t y , but t h i s cannot be assessed 

from these r e s u l t s , as the highest h u m i d i t i e s were associated w i t h 

r a i n . 

The i n f l u e n c e of temperature on a c t i v i t y i s also 

complicated by the f a c t t h a t reduction i n temperature was of t e n 

associated w i t h r a i n . Attempts to c o r r e l a t e temperature and 

a c t i v i t y have, t h e r e f o r e , been l i m i t e d to dry con d i t i o n s . The 

a c t i v i t y of C. h i r t i p e s did not appear to be s i g n i f i c a n t l y a f f e c t e d 
• /• o o by an xncrease i n temperature from 16.5 C - 21 C on 11 August 

( F i g . l S ) , but the highest temperatures, recorded on 12 August, 

coincided w i t h the peak i n the numbers caught. The r i s e and f a l l 

i n temperature over the f i r s t two and a quarter hours of tr a p p i n g 
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on 2 August was r e f l e c t e d by a r i s e and f a l l i n the number of 

i n d i v i d u a l s caught. I t appears from these r e s u l t s t h a t an 
o o 

increase i n temperature between 13 C and 21 C tends to increase 
a c t i v i t y , p a r t i c u l a r l y i f the r i s e i s w i t h i n the 13 - l6°C range. 

The f l u c t u a t i o n s i n the numbers of C.equina adults 

that were caught on a p a r t i c u l a r day appear to be almost 

independent of the changes i n temperature. Thus, the gradual 
, o o 

increase i n temperature from 16.5 0 - 21 C, on 11 August, was 

accompanied by a general decrease i n the numbers caught, apart 

from a s l i g h t i n i t i a l r i s e , while the increase i n temperature on 

12 August was r e f l e c t e d by an increased catch, and the highest 

temperatures on 2 August were concomitant w i t h the highest catches. 

A l l t hat can be concluded from these r e s u l t s i s that the general 

l e v e l of a c t i v i t y appeared to be s l i g h t l y higher on the warmer 

days. Although the numbers of C . s i m i l i s caught were low, the 

r e a c t i o n of t h i s species to the temperature changes experienced 

appears to have been s i m i l a r to C.equina. 

Rain normally i n h i b i t s the a c t i v i t y of most species of 

Diptera associated with pasturing c a t t l e and t h e i r excrement 

(Hammer, l°Al). D.S. Gibbons (pers.comm.) found t h a t at Houghall 

Scopeuma s t e r c o r a r i a adults were completely absent from cow pats 

during r a i n . From Fig.l8 i t can be seen th a t r a i n coincided w i t h 

a reduction i n the number of C . h i r t i p e s adults caught. Although 

the general decrease i n temperature associated w i t h the r a i n may 

have c o n t r i b u t e d t o t h i s trend, i t seems t h a t r a i n alone i n h i b i t s 
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movement. Thus, on 29 July there was a marked reduction i n 
a c t i v i t y during heavy r a i n , at temperatures between 17°C and 
l8.5°C, compared w i t h a high f i r s t catch which had been recorded 
at 17.5°G i n dry condi t i o n s . However, heavy r a i n on 2 and k 
August i n no way appeared to i n h i b i t the movement of C.equina 
a d u l t s , while on 29 July the numbers t h a t were caught a c t u a l l y 
increased during the 2hrs 30mins of heavy r a i n ( F i g . l S ) . The 
a c t i v i t y of C . s i m i l i s also d i d not appear to be s i g n i f i c a n t l y 
i n h i b i t e d by r a i n . 

The a b i l i t y to colonise f r e s h dung, i n conditions 

that s e r i o u s l y hampers the movement of other coprophilous Diptera, 

i s an obvious advantage to these species, as i t allows them access 

to dung when i t i s of the highest n u t r i e n t value to them and i n 

the absence of many other Diptera. 

B. Movement during the wi n t e r 

Hammer (19^1) found t h a t a d u l t s of C.equina were 

act i v e at temperatures as low as 5°C and G.hirtipes at 5°C -

7°G. A chance observation at Moor House Nature Reserve, 

Westmorland, had c l e a r l y i n d i c a t e d t h a t at l e a s t C . s i m i l i s females 

were a c t i v e a t temperatures below 5°C. On 20 November 1963, at 

13.00hrs, w i t h approximately 2ins of snow l y i n g on the ground and 

an a i r temperature of 1°C, 8 G . s i m i l i s females were c o l l e c t e d from 

horse dung t h a t had been deposited less than 2hrs p r e v i o u s l y . A 

temperature of 27°C was recorded from the centre of the droppings 

by i n s e r t i n g a thermometer. The only dung located above the snow 
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w i t h i n an approximate ^Om radius, and inhab i t e d by C . s i m i l i s 

a d u l t s , was 30m away. A temperature of 3°0 was recorded at 

the centre of t h i s dung. 

To substantiate t h i s observation a tr a p p i n g regime, 

using 3 sets of h detergent traps (type A) sunk i n t o the ground 

around 3 trays of fresh horse dung,was executed i n the grounds 

of the Science Laboratories, Durham U n i v e r s i t y . Trapping was 

c a r r i e d out overnight, i . e . between 19.00 and 07.00hrs from 

22 - 26 February 1965. The dung was removed at the end of 

each 12hr t r a p p i n g session and replaced by fresh dung at the 

beginning of the next. The maximum temperature a t grass l e v e l 

was recorded during each trap p i n g p e r i o d . 

From Table 20 i t can be seen that adults of C . s i m i l i s 

and C . n i t i d a were caught on a l l h n i g h t s , i n c l u d i n g the l a s t 2 

when s l e e t f e l l . The maximum temperature (l.l°C) recorded on 

the t h i r d n i g h t shows t h a t both species must s t i l l be a c t i v e at 

t h i s temperature, or even below i t . The population density of 

C.equina was probably low at t h i s time, but the 1 male t h a t was 

caught on the f i r s t n i g h t must have been capable of movement a t 

2°C or below. The a b i l i t y of a d u l t s of c e r t a i n species of 

Copromyza, p a r t i c u l a r l y C . s i m i l i s and C.nitida, to remain a c t i v e 

at low temperatures and during inclement weather conditions must 

be extremely advantageous to them i n winter as adults of both 

species are abundant and continue to breed during w i n t e r . 
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TABLE 20. The numbers of males (M) and Females (F) caught 
i n detergent traps during 12hr t r a p p i n g periods 
(overnight). February 1965. The max. temp, recorded 
at grass l e v e l during each period i s shown 

Trapping period Max. C . s i m i l i s C.equina C.nitida 
Temp. °C. 

19.00hrs. day 1 
to 

7.00hrs. day 2 M F M F M F 

Day 

1. 22 Feb 

2. 23 Feb 
2.0 2 7 1 0 

1. 23 Feb 

2. 24 Feb 

1. 2h Feb 

2. 25 Feb 

1. 25 Feb 

2. 26 Feb 

1.5 7 8 0 0 2 5 

1.1 1 0 0 0 0 1 

1.5 1 0 0 0 1 0 
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(2) DIURNAL RHYTHMS OF LOCOMOTOSY ACTIVITY 

A. I n t r o d u c t i o n 

Diurnal rhythms of a c t i v i t y have been demonstrated i n 

numerous l i v i n g organisms, p a r t i c u l a r l y among arthropods, and 

the considerable l i t e r a t u r e has been reviewed by Harker (1958), 

Cloudsley-Thompson (1961), and Aschoff (1963). The present 

i n v e s t i g a t i o n s are not concerned w i t h determining the nature of 

d i u r n a l rhythms of a c t i v i t y , but only w i t h measuring l e v e l s of 

a c t i v i t y over 2'l-hrs i n the f i e l d . However, i t i s worthwhile 

p o i n t i n g out tha t these rhythms can be p a r t l y or completely 

endogenous i n o r i g i n , being governed by some i n t e r n a l physiologic; 

chronometer, or almost completely exogenous, c o n t r o l l e d by c y c l i c 

v a r i a t i o n s i n some ph y s i c a l environmental f a c t o r . I r r e s p e c t i v e 

of the nature of the rhythm, i t i s e s s e n t i a l t h a t i t i s kept i n 

time w i t h the d a i l y environmental changes, and Aschoff (1963) 

concluded t h a t generally "there i s a coupling between the innate 

o s c i l l a t o r and the d r i v i n g agent, the environmental f l u c t u a t i o n . " 

He stated t h a t the d r i v i n g agent i s normally l i g h t and there i s 

usua l l y a remarkable independence of temperature. 

Cloudsley-Thompson (1961) regards the terms rhythm, 

cycle, and p e r i o d i c i t y as synonymous, and that a rhythm having 

a frequency of 24hrs i s termed a d i u r n a l rhythm, while d i u r n a l 

a c t i v i t y means a c t i v i t y during d a y l i g h t . These d e f i n i t i o n s are 

accepted i n the f o l l o w i n g t e x t . 

Lewis and Taylor (1965) comprehensively studied the 
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d i u r n a l p e r i o d i c i t y of f l i g h t by insects^ using suction t r a p s . 
As previous observations had i n d i c a t e d t h a t adults of c e r t a i n 
species of Copromyza remained a c t i v e at temperatures below t h e i r 
f l i g h t threshold temperature, c o l o n i s i n g dung by walking, the 
measurement of f l i g h t a c t i v i t y alone would be of l i t t l e value 
i n determining the a c t u a l d i u r n a l p e r i o d i c i t y of locoraotory 
a c t i v i t y . Even at higher temperatures, the short low l e v e l 
f l i g h t s , which are often c h a r a c t e r i s t i c of the movement of 
sphaerocerids on to dung, would be d i f f i c u l t to detect using a 
suction apparatus. 

Hammer (19&1), from d i r e c t observations on cow pats, 

concluded t h a t a d u l t s of the species of Sphaeroceridae he 

encountered were not a c t i v e between sunset and .sunrise, while 

Laurence (1955) stated t h a t "Sphaerocerids are caught i n numbers 

i n l i g h t t r a p s , i n d i c a t i n g considerable a c t i v i t y at n i g h t " . To 

provide i n f o r m a t i o n on both nocturnal and d i u r n a l a c t i v i t y , 

t r apping was c a r r i e d out on a 2khr basis, using detergent traps 

baited w i t h f r e s h dung. Harker (196l) stated t h a t any method 

of trapping may only reveal one p a r t i c u l a r phase of the general 

a c t i v i t y p a t t e r n , while Williams (1959) pointed out t h a t t r a p p i n g 

can only ever be a d i r e c t measurement of locomotory a c t i v i t y , but 

t h i s i n i t s e l f u s u a l l y r e f l e c t s productive a c t i v i t y , i . e . searching 

f o r food e t c . As coprophilous sphaerocerids both feed and o v i p o s i t 

i n dung, the r e s u l t s obtained by the use of detergent traps baited 

w i t h dung should give a reasonable i n d i c a t i o n of the general 

d i u r n a l p e r i o d i c i t y of a c t i v i t y . 
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A l l the times given are G.M.T. unless otherwise 

s t a r t e d . 

B. September 1965 

A trapping programme was c a r r i e d out at Houghall farm 

from lO.OOhrs on 13 September to l6.00hrs on 17 September, using 

6 detergent t r a p s (type B) baited with f r e s h horse dung. The 

t r a y s were arranged at l e a s t 20m apart around the perimeter fence 

of the Cow Pasture ( F i g . 3 ) which contained cows, sheep, and a 

horse. Any f l i e s that were caught were removed at 3hr i n t e r v a l s 

from 0^.00 - 19.00hrs, while the overnight catch was of 9hrs 

duration. Ey renewing the dung each time the traps were emptied, 

the reduction i n a t t r a c t i v e n e s s due to ageing was minimized. 

Although the overnight exposure periods of the dung were longer, 

t h i s would be compensated for by the reduced r a t e of ageing i n 

the cooler more humid night c o n d i t i o n s . 

The meteorological data recorded during the trapping 

period are shown i n Appendix k. The temperature measurements 

were taken i n the shade (5cm above ground l e v e l ) and the humidity 

was recorded j u s t above the l e v e l of the vegetation, using a 

w h i r l i n g hygrometer. 

A t o t a l of 619 C . s i m i l i s , 3V78 C.equina, 213*f C . h i r t i p e s 

and 209 S.subsultans a d u l t s were caught i n 102hrs, demonstrating 

the e f f i c i e n c y of the t r a p s . The d i f f e r e n c e s between the numbers 

of a d u l t s of the k s p e c i e s that were caught were probably mainly 

due to d i f f e r e n t population d e n s i t i e s i n the area at the time. 
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Hov/ever, i t had been p r e v i o u s l y observed that S.subsultans a d u l t s 

were more adept at avoiding small detergent traps than the Copromyza 

spp. and t h i s may a l s o apply to the l a r g e r traps that were used i n 

these i n v e s t i g a t i o n s . 

In Fig.19 the numbers of a d u l t s of each s p e c i e s caught 

i n the 3hr trapping periods are shown. The 9hr overnight catch 

for each s p e c i e s has been equ a l l y divided i n t o 3» and i s thus 

represented i n Fig.19. This has been done to enable the r e s u l t s 

to be expressed d i a g r a m a t i c a l l y , and i t i s not suggested that the 

l e v e l of a c t i v i t y of any s p e c i e s was constant throughout the n i g h t , 

a) Nocturnal A c t i v i t y 

As sunset was at approximately l8.25hrs and s u n r i s e 

at 05.30iirs, a l l the i n d i v i d u a l s caught i n the 9hr period must 

have been caught a f t e r sunset and before s u n r i s e . I t can be 

seen from Fig.19 that C . s i m i l i s was extremely a c t i v e during t h i s 

period, and i t i s p o s s i b l e that the g r e a t e s t a c t i v i t y may have 

been at night, p a r t i c u l a r l y on the t h i r d and fourth n i g h t s . 

S i m i l a r l y , C.equina must have been very a c t i v e overnight, 

p a r t i c u l a r l y on the t h i r d and fourth n i g h t s . C . h i r t i p e s a d u l t s 

were f a r l e s s a c t i v e at night than those of the above s p e c i e s , 

or compared with t h e i r own d i u r n a l a c t i v i t y . No S.subsultans 

a d u l t s were caught at night. 

The lowest overnight catch was recorded on the f i r s t 

night and the highest on the t h i r d for a l l the Copromyza spp. 



Fig.19. Numbers of adults of each species caught in 6 detergent traps 

(type B) baited with dung during 3hr periods, (Overnight 

trapping period was of 9hrs duration, but represented as 

3 equal 3hr catches). lO.OOhrs 13 September - 16.00hrs 

17 September 1965 
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This coincided with the lowest minimum temperature which was 

recorded on the f i r s t night and the highest, recorded on the 

t h i r d n i g h t . Williams (19^0), using a l i g h t t r a p , found that 

an i n c r e a s e i n the minimum temperature of 5°F was accompanied 

by a doubling of the number of i n s e c t s caught. I t seems 

probable that an i n c r e a s e i n minimum n i g h t l y temperature 

causes an i n c r e a s e i n adult a c t i v i t y of the Copromyza spp. 

b) D i u r n a l A c t i v i t y 

From Fig.19 i t can be seen that there was no c l e a r 

a c t i v i t y p a t t e r n for C . s i m i l i s . From 10 - 13 September 

maximum catches were recorded from 10.00 - 13.00hrs, 16.00 — 

19.00hrs, 16.00 - 19.00hrs, and 0*f.00 - 07.00hrs r e s p e c t i v e l y . 

C.equina showed a somewhat s i m i l a r i r r e g u l a r pattern of d i u r n a l 

a c t i v i t y over the trapping period ( F i g . 1 9 ) . In c o n t r a s t to 

these s p e c i e s , C . h i r t i p e s e x h i b i t e d a c l e a r l y defined p a t t e r n 

of d i u r n a l a c t i v i t y , with maximum a c t i v i t y between 10.00 -

l6.00hrs on a l l days except 15 September when i t was from 

07.00 - lO.OOhrs. However, as previous observations had 

i n d i c a t e d , r a i n tends to reduce a c t i v i t y and the r a i n which f e l l 

i n t e r m i t t e n t l y from 10.00 - lo.OOhrs was probably r e s p o n s i b l e 

for i n h i b i t i n g a c t i v i t y during t h i s period. S.subsultans, 

a f t e r being i n a c t i v e overnight, showed a c l e a r pattern of 

a c t i v i t y , s i m i l a r to C . h i r t i p e s , with maximum a c t i v i t y between 

lO.OOhrs and l6.00hrs on a l l occasions ( F i g . 1 9 ) . 
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I t seems probable that both S.subsultans and 
C . h i r t i p e s a d u l t s are u s u a l l y most a c t i v e around mid-day. 
However, the r e s u l t s obtained from a trapping method i n which 
the u n i t trapping time i s J h r s must only give an approximate 
i n d i c a t i o n of the time of maximum and minimum a c t i v i t y as i t 
i s p o s s i b l e that there could be quite considerable v a r i a t i o n s 
i n a c t i v i t y over Jhrs. 
C. Kay 1966 

A more extensive trapping regime was c a r r i e d out i n 

the same area using 6 detergent t r a p s (type B) baited with f r e s h 

horse dung and 3 with p i g dung, (arrangement as described for 

the September i n v e s t i g a t i o n s ) , from 12.00hrs 23 May - l6.00hrs 

2? May. Any f l i e s that were caught were removed at 3hr i n t e r v a l s 

and on each occasion the dung was a l s o renewed. I t was found 

necessary to use some f r e s h p ig dung as s u f f i c i e n t s u p p l i e s of 

f r e s h horse dung were not a v a i l a b l e . 

Continuous temperature and humidity readings were 

obtained u s i n g a thermohygrograph ( a t ground l e v e l ) protected 

from r a i n and d i r e c t s u n l i g h t . These readings were checked by 

talcing temperature and humidity measurements (as p r e v i o u s l y 

described for the September i n v e s t i g a t i o n s ) . The temperature 

and humidity records, together with information on cloud, 

sunshine, and r a i n f a l l , are shown i n Fig,20. The wind speed 

( i n f t per min) was measured, at approximately lm above ground 

l e v e l , by t a k i n g the mean of three lmin counts using an anemometer. 



Fig.20. Temperature, r e l a t i v e humidity, and observations on r a i n f a l l 

and sunshine, recorded continuously. Wind speed and l i g h t 

intensity recorded at 3hr i n t e r v a l s . 12.00hrs 23 May -

16.00hrs 27 May 1966. 



RELATIVE HUMIDITY 

1000 

f t . / c a n d l e s 

( n + l j 
100 

ft. / mi n. 

s u n n y 

C l o u d y 

* * * — _ _ _ _ 
TEMPERATURE 

LIGHT INTENSITY 

WIND SPEED 

12.00 0 

23 May 
12.00 12.00 0 

HRS. G.M.T. 
1200 0 12.00 

27 May 



.120. 

The l i g h t i n t e n s i t y was recorded with an S . E . I , exposure 

photometer, accurate from 0.01 - 1 0 t 0 0 0 f t candles, sighted 

against a white card which had an approximate r e f l e c t a n c e 

value of 80%. These records are a l s o shown i n Fig.20. 

During the trapping period sunset was at approximately 20.20hrs 

and s u n r i s e at 03.V?hrs. The numbers of a d u l t s of each s p e c i e s 

caught i n the 3hr trapping periods are shown i n F i g s . 21 and 22. 

In Fig.23 the t o t a l number of a d u l t s of each s p e c i e s caught i n 

four equivalent d a i l y 3hr periods has been expressed as a per

centage of the t o t a l catch for that s p e c i e s from 12.00hrs 

23 May to 12.00hrs 27 May. Thus, a c t i v i t y during a Jhr period 

i s expressed as a percentage of d a i l y a c t i v i t y and consequently 

the general d i u r n a l rhythm of locomotory a c t i v i t y can more 

e a s i l y be seen. 

12,109 C.nigra, 1,983 C.equina, 259 C . s i m i l i s , 

1,913 C . h i r t i p e s , and 511 S.subsultans a d u l t s were caught i n the 

102hrs of trapping. The very high numbers of C.nigra a d u l t s 

that were caught was almost c e r t a i n l y due to the f a c t that the 

time of trapping coincided with the peak i n seasonal occurrence 

of a d u l t s i n the open f i e l d . The c l o s e proximity of extensive 

manure heaps probably accounts for the r e l a t i v e l y large numbers 

of S.subsultans a d u l t s that were trapped. 

C.nigra : T h i s s p e c i e s showed a d e f i n i t e and quite 

regular d i u r n a l c y c l e of a c t i v i t y during the trapping period which 

did not seem to be a p p r e c i a t e l y a f f e c t e d by the day-to-day changes 



Fig.21. Numbers of C . s i m i l i s , C.equina, and C.nigra adults caught 

in 9 detergent traps (type B) baited with dung during 3hr 

periods from 12.00hrs 23 May - 16.00hrs 27 May 1966 
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Fig.22. Numbers of C.hirtipes and S.subsultans adults caught in 

9 detergent traps (type B) baited with dung during 3hr 

periods from 12.00hrs 23 May - 16.00hrs 27 M vy 1966. 
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Fig.23. Percentage of t o t a l number of adults of each species caught 

i n 9 detergent traps baited with dung during 4 equivalent 

daily 3hr periods from 12.00hrs 23 May - 12.00hrs 27 May 1966. 
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i n weather conditions ( F i g s . 20 and 2 1 ) . I t can be seen 

from Fig.23 that by f a r the g r e a t e s t a c t i v i t y was recorded 

between l8.00hrs and 21.00hrs. Although a c t i v i t y remained 

high between 21.00hrs and midnight, there was a marked decrease 

a f t e r the l a t t e r time. A c t i v i t y remained r e l a t i v e l y low from 

0 - lS.OOhrs, with a minimum catch from 09.00 - 12.00hrs, and 

a s l i g h t peak a f t e r s u n r i s e . 

From F i g s . 20 and 21 i t can be seen that C.nigra 

was most a c t i v e a t the times when wind speed, temperature, and 

l i g h t were decreasing, but humidity was i n c r e a s i n g , i . e . around 

dusk. However, j u s t before dawn, when the a i r humidity i s 

highest and temperature and wind speed are lowest, a c t i v i t y was 

g r e a t l y reduced. Lewis and Taylor ( I 9 6 5 ) found that the m a j o r i t y 

of i n s e c t s feeding on decaying organic matter flew at dawn or, 

more e s p e c i a l l y , dusk. T h i s , they suggested, may be due to 

the s t i l l moist a i r which would a i d the detection of food by 

smell, but the low temperatures around dawn decrease the r a t e 

of evaporation of odours. The d i u r n a l c y c l e of a c t i v i t y of 

C.nigra a d u l t s may be a f f e c t e d e i t h e r by temperature, humidity, 

or l i g h t , or by a combination of them, but the r e l a t i v e 

importance of these f a c t o r s cannot be evaluated from these 

i n v e s t i g a t i o n s . 

C . s i m i l i s : Over the trapping period the d i u r n a l 

rhythm pf C . s i m i l i s was more i r r e g u l a r than that of C.nigra, 

although the peak i n a c t i v i t y was always between lS.OOhrs and 
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2^.00hrs, from 23 - 26 May (Fig.21). From Fig.23 i t can be 

seen t h a t there was peak i n a c t i v i t y from 21,OOhrs to midnight, 

followed by a progressive decrease i n a c t i v i t y to midday. 

Although a c t i v i t y remained low from 12.00hrs to l8.00hrs, there 

was a dramatic r i s e i n the number of a d u l t s caught between 

l8.00hrs and 21.00hrs. Again, t h i s r i s e i n a c t i v i t y coincided 

w i t h a decrease i n temperature and windspeed and an increase i n 

humidity. 

Lewis and Taylor (I965) did not detect f l i g h t a c t i v i t y 

at n i g h t by C . s i m i l i s , but they found t h a t f l i g h t a c t i v i t y was 

bimodal w i t h a small peak around midday and at a maximum around 

17.00hrs. The r e s u l t s obtained i n the present work and those 

obtained by Lewis and Taylor (1965) are not necessarily mutually 

excl u s i v e . The present work was c a r r i e d out i n an area which 

contained large q u a n t i t i e s of dung from various farm mammals 

and, t h e r e f o r e , probably a high population density of coprophilous 

sphaerocerids. Movement on to dung at n i g h t might w e l l be by 

walking,as t h i s has been observed at low temperatures i n d a y l i g h t , 

or by short low l e v e l f l i g h t s which would not be detected w i t h a 

suction apparatus. I t i s q u i t e possible that more sustained 

f l i g h t i s mainly d i u r n a l . 

C.equina : Apart from a higher f i r s t catch, the. 

d i u r n a l cycle of a c t i v i t y of G.equina was s i m i l a r to C . s i m i l i s , 

w i t h maximum a c t i v i t y between l8.00hrs and midnight (Fig.21). 

Another s i m i l a r i t y i s t h a t the a c t i v i t y of both species does not 
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appear to be appreciably a f f e c t e d by r a i n (Figs. 20 and 22). 

I t can be seen from Fig.23 t h a t the general p a t t e r n of the 

d i u r n a l cycles of these species was very much a l i k e . 

C . h i r t i p e s : This species e x h i b i t e d a c l e a r l y defined 

d i u r n a l cycle of a c t i v i t y throughout the trapping period, w i t h 

greatest a c t i v i t y around midday (Fig.22). As previous 

i n v e s t i g a t i o n s had i n d i c a t e d , r a i n appears to i n h i b i t movement, 

and lower than expected catches were recorded during periods of 

r a i n around midday, i . e . from 09.00 - 12.00hrs on Zk May, and 

from 12.00 - l^.OOhrs on 25 May (Figs. 20 and 21). From Fig.23 

i t can be seen that t h i s species v/as v i r t u a l l y i n a c t i v e between 

21.00hrs and 06.00hrs. There v/as a progressive increase i n 

a c t i v i t y from 03.00hrs, to reach a maximum from 12.00 - 15.00hrs, 

followed by a progressive decrease. 

The periods of maximum a c t i v i t y coincided w i t h maximum 

temperature and minimum humidity. As the l a t t e r can hardly be 

required f o r optimum a c t i v i t y of a species t h a t normally i n h a b i t s 

damp places, i t appears that the most important environmental 

f a c t o r a f f e c t i n g the d i u r n a l rhythm of a c t i v i t y must be e i t h e r 

temperature or l i g h t , or a combination of both. However, t h e i r 

r e l a t i v e importance cannot be evaluated from these r e s u l t s . 

I t must be emphasised th a t the conclusions drawn from 

these i n v e s t i g a t i o n s , concerning the d i u r n a l rhythms of a c t i v i t y 

of a d u l t s of any species, are necessarily bounded by the c o n d i t i o n 

experienced. Thus, f o r instance, i t i s possible t h a t exception-
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a l l y low humidities and high temperatures i n the f i e l d may 
reduce the a c t i v i t y of C. h i r t i p e s a d u l t s . However, i t i s 
worthwhile p o i n t i n g out tha t on 12 August I965 C . h i r t i p e s 
a d u l t s were most ac t i v e at the time when the shade temperature 
was highest, i . e . 21°C, and the humidity lowest ( F i g . l S . ) . 
The screen maximum temperajufe of 22.1°C recorded at the Houghall 
observatory on 12 August was only exceeded on two occasions i n 
1965 and, t h e r e f o r e , i t appears th a t under normal summer conditions 
at Houghall a c t i v i t y w i l l r a r e l y , i f ever, be i n h i b i t e d by high 
temperature and low humidity. 

S.subsultans : The d i u r n a l cycle of a c t i v i t y of t h i s 

species i s s i m i l a r to C . h i r t i p e s . Eain, at the times mentioned 

f o r the l a t t e r , also appears to i n h i b i t movement (Figs. 20 and 22). 

From F i g . 23 i t can be seen that there was a progressive r i s e i n 

a c t i v i t y from 03.00hrs to reach a maximum between 12.00hrs and 

15.00hrs, followed by a progressive decrease. The 09.00 -

12.00hrs catch was r e l a t i v e l y lower than the corresponding catch 

f o r C . h i r t i p e s . w h i l e the 18.00 - 21.00hrs catch was higher. 

This i n d i c a t e s t h a t the peak i n a c t i v i t y was s l i g h t l y l a t e r f o r 

S.subsultans than f o r C . h i r t i p e s . 

There was no s i g n i f i c a n t d i f f e r e n c e between the 

d i u r n a l rhythm of a c t i v i t y of the males and females of any species. 

The e f f e c t s of a v a i l a b l e food on the trapping r e s u l t s : 

I t was necessary to carry out these i n v e s t i g a t i o n s i n 

an area where the density of coprophilous sphaerocerids was high. 
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Obviously, to s a t i s f y t h i s requirement, the area had to contain 
q u a n t i t i e s of dung from farm mammals. Va r i a t i o n s i n the q u a n t i t i e s 
of fresh dung i n the v i c i n i t y of the traps could a f f e c t the degree 
of hunger of the f l i e s , and hence the e f f i c i e n c y of the tr a p s . No 
appreciable q u a n t i t i e s of fresh dung were added to the extensive 
manure heaps close to the traps and as large accumulations of dung 
tend to age slowly i t can be reasonably assumed that t h i s food 
source remained f a i r l y constant over the trapp i n g p e r i o d . Therefore, 
on a 24hr basis, the v a r i a t i o n s i n a v a i l a b l e food would have been 
mainly dependent upon the d i u r n a l rhythm of defaecation of the cows 
and to a lesser extent the sheep, i n the Cow Pasture f i e l d . 

Hammer (19^-1) found that cows were a c t i v e from somewhat 

before sunrise t i l l towards midnight, w i t h numerous r e s t i n g periods, 

i n c l u d i n g a long r e s t between 11.30hrs and 13.30hrs (C.E.T.), and 

th a t each cow deposited dung 7 to 9 times i n 2^hrs, while Mohr (19^3) 

gave the r a t e of defaecation as 10 times per day. The only time 

t h a t Hammer (19^1) found a lack of fr e s h droppings was between 

12.30 and 13.3°hrs. The weather condit i o n s during the present 

i n v e s t i g a t i o n s were generally cool and cloudy and under these 

conditions the dung would not tend to age r a p i d l y . Thus, i t 

seems u n l i k e l y t h a t there would be a shortage of dung s u i t a b l e 

f o r the a d u l t s to feed on at the times: mentioned by Hammer, and 

consequently the deposition of dung i n the cow pasture probably 

did not have a s i g n i f i c a n t e f f e c t on the d i u r n a l cycle of a c t i v i t y 

of the coprophilous sphaerocerids i n the area. 



.126. 

X. CHEMICAL ATTRACTANTS FOR SOME COPROPHILOUS SPHAEROCERIDAE 

Olf a c t o r y s t i m u l a t i o n i n t e r r e s t r i a l i n s ects i s 

accomplished by airborne molecules which impinge on the extremely 

s e n s i t i v e o l f a c t o r y receptors. Any stimulus which produces a 

p o s i t i v e d i r e c t i v e response may be termed an a t t r a c t a n t . Normally 

when the in s e c t i s stim u l a t e d , i t appears to respond spontaneously 

and moves towards the source of the a t t r a c t i v e odours. Natural 

a t t r a c t i v e odours a s s i s t insects i n various ways, i n c l u d i n g 

recognizing and l o c a t i n g a mate, o v i p o s i t i o n s i t e s , and food. 

Many workers have i n v e s t i g a t e d i n s e c t a t t r a c t a n t s and 

r e p e l l e n t s , p a r t i c u l a r l y f o r insects of economic importance, e.g. 

sheep b l o w - f l i e s (LucilUa spp.) (Hobson, 1936; Mackerras and 

Mackerras, 19y+4-; Cragg and Eamage, 19^5; and Cragg, 1950, 1956), 

and Musea domestica ad u l t s (Crumb and Lyon, 1921), and larvae 

(Hafez, 1950). 

(1) TECHNIQUE FOR ESTIMATING THE RELATIVE ATTRACTIVE POWERS 

OF CHEMICALS 

Coprophagous insects are a t t r a c t e d to dung by odours 

from p r o t e i n and f a t decomposition products present. Dethier 

(19^7) l i s t e d the components of faeces w i t h s p e c i a l reference to 

the odorous c o n s t i t u e n t s . A number of pure chemicals, from 

t h i s l i s t , were tested under f i e l d c o n d i t i o n s to determine i f 

they were a t t r a c t i v e to c e r t a i n species of coprophilous Diptera. 

A known q u a n t i t y of chemical, or a combination of 



.127. 

chemicals, was added to 100ml of water and thoroughly shaken 

i n a stoppered b o t t l e . The contents of the b o t t l e were 

c a r e f u l l y poured i n t o a 100ml beaker containing a wad of cotton 

wool, and as the l e v e l of the l i q u i d rose, so the cotton wool 

was p u l l e d out above the l i p of the beaker. Any undissolved 

s o l i d tended to l i e i n the cotton wool, but the odour could 

s t i l l be detected by the observer and, t h e r e f o r e , presumably 

by the i n s e c t w i t h i t s greater olffactory a c u i t y . Each beaker 

was placed i n the centre of a 15cm diameter, 7cm deep c r y s t a l l 

i z i n g d i s h . The dishes had p r e v i o u s l y been set out at l e a s t 

10m apart i n a f i e l d close to the U n i v e r s i t y of Durham Science 

Laboratories (Nat.Grid Ref.NZ 277^15). Water, plus a l i t t l e 

detergent s o l u t i o n , was gradually poured i n t o the dishes to 

w i t h i n a few mm of the l i p s of the beakers ( F i g . 2 k ) . A beaker 

containing only water v/as also placed i n the centre of a dish of 

detergent s o l u t i o n as a c o n t r o l . To give some i n d i c a t i o n of 

the r e l a t i v e a t t r a c t i v e n e s s of the chemicals compared w i t h dung, 

a beaker of fresh horse dung i n a dish of detergent s o l u t i o n was 

also simultaneously exposed. The traps were l e f t i n p o s i t i o n 

f o r several days and any f l i e s t h a t were caught were removed and 

i d e n t i f i e d . On completion of each exposure the chemicals were 

disposed of away from the area, and the dishes and beakers 

thoroughly washed i n hot water. This was necessary to avoid 

contamination i n subsequent i n v e s t i g a t i o n s of chemical a t t r a c t a n t 



Fig.24. Detergent trap (15cm diameter) with a beaker containing 

lOOmls of water, a chemical attractant, and cotton wool. 
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(2) THE NUMBERS OF ADULTS CAUGHT IN DETERGENT TRAPS WITH 

CHEMICAL ATTRACTANTS 

In l a t e June and ear l y J u l y 1964 0.2gm of s o l i d and 

0.2ml of l i q u i d chemicals were added to 100ml of water and exposed 

f o r 5 days. At the end of t h i s period the traps were emptied 

and the chemicals renewed. 3 such r e p e t i t i o n s were c a r r i e d out. 

Table 21 shows the numbers of adults of each species t h a t were 

caught i n detergent traps w i t h d i f f e r e n t chemicals as a t t r a c t a n t s . 

Chemicals t h a t had proved to be a t t r a c t i v e i n 1964 were tested 

w i t h other chemicals, both s i n g l y and i n combination w i t h skatole, 

f o r three 3-day periods i n e a r l y May 1965. The q u a n t i t y of 

chemical used was reduced by h a l f but, as before, fresh chemicals 

were used f o r each exposure ( i n a l l subsequent experiments fresh 

s o l u t i o n s were used f o r each exposure). In Table 22 the numbers 

of adults of each species t h a t were caught i n detergent traps w i t h 

d i f f e r e n t chemicals as a t t r a c t a n t s are shown. The numbers of 

Scopeuma s t e r c o r a r i a and Dasyphora cyanella adults t h a t were caught 

i n the detergent traps are also included. 

A f u r t h e r three 3-day exposures v/ere c a r r i e d out w i t h 

0.1% s o l u t i o n s of skatole i n combination w i t h e i t h e r n - b u t y r i c 

a c i d , i s o - b u t y r i c acid, n - v a l e r i c a c i d , or i s o - v a l e r i c a c i d . 

The. t o t a l numbers of adults caught i n s i x 3-day periods, when 

these s o l u t i o n s were simultaneously exposed, are shown i n Table 23. 

To determine i f any of the s o l u t i o n s i s s i g n i f i c a n t l y more 
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a t t r a c t i v e to a p a r t i c u l a r species than another, % values 

have been calculated (Table 23). 

0.1% s o l u t i o n s of skatole, i n d o l e , and n-butyric a c i 

both s i n g l y and i n combination, were exposed f o r three 3-day 

periods i n A p r i l 19&5. Table 2k shows the t o t a l numbers of 

adults of each species t h a t were caught i n detergent traps 

w i t h these chemicals as a t t r a c t a n t s , % values have been 

calc u l a t e d and are also shown i n Table 24. 
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TABLE 21. T o t a l numbers of adults caught i n detergent traps 

w i t h chemicals and horse dung as a t t r a c t a n t s i n 15 days 

(three 5-day exposures). 1 t r a p to each chemical 

(0.2gm of s o l i d s and 0.2ml of l i q u i d s to 100ml of water) 

Skatole (S), Indole ( I ) . June - Jul y 1964 

C . s i m i l i s C.equina C . h i r t i p e s 3.subsultans S . n i t i d a 

Skatole 0 5 15 1 0 
Indole 1 1 7 0 0 
Skatole Indole 0 1 8 1 1 
iso-Butyric. acid 0 1 53 0 0 
i s o - V a l e r i c acidO 3 104 1 2 
i s o - B u t y r i c acid 
+. S + I 7 3£ 461 10 2 
i s o - V a l e r i c acid 
+. S + I 3 23 530 11. 1 
Methylamine 0 2 9 7 40 
Dimethylamine 0 0 6 0 0 
Trimethylamine 1 0 3 0 0 
1, 4-Diamino 
butane 1 0 15 0 0 
1, 5 —Diamino 
pentane 0 0 2 0 0 
Phenol 1 0 7 0 0 
Ammonium 
carbonate 0 0 2 0 0 
Ammonium', 
hydroxide 0 0 2 0 7 
Paracresol 0 0 1 0 0 
Benzoic acid 0 0 4 0 0 
Indole-acetic 
acid 0 0 1 0 0 
Horse dung 12 29 577 19 6 
Water 0 2 2 0 0 

(chemical. nomenclature i s t h a t used by B.D.H.Ltd., the suj 
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TABLE 22. Total numbers of adults caught i n detergent traps w i t h 
Chemicals and horse dung as a t t r a c t a n t s i n 9 days (three 
3-day exposures). 1 t r a p to each chemical (O.lgm of 
s o l i d s and 0.1ml of l i q u i d s to 100ml of water) 
Skatole (S). May 1965 

C.e quina C . s i m i l i s C . h i r t i p e s C.nigra Scopeuma Dasyph 
Acetic a c i d 0 0 0 4 4 18 
Acetic a c i d +. S 0 0 0 0 3 7 
Propionic acid 1 0 1 0 1 12 

" acid + S 0 1 0 0 2 0 
n-Butyric acid 0 1 0 8 10 6 
n- "; +. S, 70 159 49 869 42 21 
i s o - B u t y r i c acid 0 2 1 ~~4" 2 2 
isb-- " + s: 43 84 31 734 48 20 
n-Valeric acid 0 1 2 3 10 
n- " +. S 22 96 11 502 34 5 
i s o - V a l e r i c add 0 9 10 7 0 0 
i s o - " + S 29 85 13 500 22 0 
n-Caproic acid 0 0 0 0 13 0 
n-Cap " + S 3 6 1 0 14 9 
iso-Caproic acid 0 0 0 0 12 1 
i s o - " + S 5 23 6 136 36 6 
n-Octoic acid 0 0 0 0 0 0 
n- " + S 0 0 0 0 3 0 
n-Decoic acid 0 0 0 0 0 0 
n- " + S 0 1 0 0 15 0 
Methylamine 0 0 0 0 24 0 
Methylamine + S 5 4 3 57 64 1 
E t h y l mercaptan 0 0 0 2 0 0 
E t h y l " + S 0 0 2 3 3 0 
Skatole 0 3 1 12 1 0 
Indole 0 1 1 20 2 0 
Horse dung 43 117 40 665 15 22 
Water 0 1 0 3 0 0 

(B.D.H. chemical nomenclature) 
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TABLE 23. T o t a l numbers of adults caught i n detergent traps w i t h 

100ml of 0.1% s o l u t i o n s of skat o l e , plus c e r t a i n f a t t y 
acids, i n 18 days ( s i x 3-day exposures) May 1965. 
% values have been cal c u l a t e d using a n u l l hypothesis 
t h a t the d i s t r i b u t i o n of adul t s between the chemicals 
compared i s e q u a l i t y . 

No. of adults 

0. equina C.s i m i l i s C . h i r t i p e s C.nigra 

n-Butyric acid 
+ skatole 148 369 131 1987 

i s o - B u t y r i c acid 
+ skatole 57 175 76 1009 

n-Valeric acid 
+ skatole 33 155 46 853 

i s o - V a l e r i c acid 
+ skatole 57 170 75 1002 

Totals i n 
comparisons % *~ P. x 2 P. x 2 P. X 2 P. 
1 and 2 40.4 <0.001 69.1 < 0.001 14.6 < 0.001 100+ <0.001 

1 and 3 69.6 <0.001 87.3 < 0.001 41.6 < 0.001 100+ <0.001 

1 and 4 40.4 <0.001 72.1 < 0.001 15.2 < 0.001 100+ <0.001 

2 and 3 5.2 <0.05 1.2 > 0.2 7.4 < 0.01 13.0 <0.001 

2 and 4 0 0.07 >0.7 0.003 > 0.95 0.001> 0.95 

3 and 4 5.2 <0.05 0.7 > 0.3 7.0 < 0.01 12.0 <0.001 
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TABLE 24. To t a l numbers of adults caught i n detergent traps w i t h 

Skatole (S), Indole ( I ) , and n-Butyric acid (B), s i n g l y 
Apr. 

and i n combination i n 9 days (three 3-day exposures),1965 < 

% values have been c a l c u l a t e d 
No. of adults 

100ml of H20 to 
q u a n t i t y of 
chemical 

1. 0.1ml B.. 

2. O.lgm I... 

3. O.lgm S. 

4. O.lgm S. + 
O.lgm I . . 

5. O.lgm I . + 
0.1ml B. 

6. 0.lgm.S.+ 
0.1ml B. 

7- O.lgm S.+ 
O.lgm I.+ 
0.1ml B. 

Total i n X 2
 2 

comparison 

3 and 6 100+ 

5 and 7 7.9 

6 and 7 81.3 

C . s i m i l i s 

8 

ko 

30 

20 

77 

300 

116 

C.eauina 

8 

19 

29 

9k 

36 

C . h i r t i p e s 

2 

9 
Ik 

22 

kO 

20 

C. n i g r a 

0 

0 

6 

10 

103 

p. v- P. % P. v- P. 

< o.ooi 34.3 < 0.001 5.2 <Q05 76 A < 0.001 

< 0.01 0.8 > 0.3 0.02 >0.8 1.0 > 0.3 
< 0.001 25.9 < 0.001 6.7 < 0.01 86.2 < 0.001 
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A. Skatole CrtH_N and Indole CQH0N 
9 9 o 7 

Skatole i s known to be an a t t r a c t a n t to many i n s e c t s . 

Necrophorus o r b i c o l l i s and N.americanus adults found approximately 

54% of objects (meat and clothes) soaked i n skatole and buried i n 

sand (Abbott, 1936). Dung beetles of the genus Geotrupes are 

a t t r a c t e d to skatole (Warnke, 1931) and i t a t t r a c t s L u c i l i a 

s e r i c a t a Mg. (Hobson, 1936). Indole i s also a t t r a c t i v e to 

L.sericata (Hobson, 1936) and to Drosphila spp. (Hunter, Kaplan 

and Enzmann, 1937). 

In the t e x t , the f o l l o w i n g terms are used to describe 

a t t r a c t a n t s i n order of increasing a t t r a c t i v e n e s s : marginal, 

s l i g h t , m i l d , moderate, strong, and powerful. 

I t can be seen from Tables 21, 22, and 24, t h a t s o l u t i o n s 

of indole and skatole, both s i n g l y and i n combination, were only 

s l i g h t l y a t t r a c t i v e to adults of the Copromyza spp., S.subsultans, 

and Scopeuma. However, i f skatole and/or indole were combined 

w i t h c e r t a i n other chemicals ( t h a t i n themselves are only s l i g h t l y 

a t t r a c t i v e ) , then the r e s u l t a n t s o l u t i o n s were powerful a t t r a c t a n t s . 

Thus, 510 sphaerocerids, 34.4% of the t o t a l catch, were caught i n 

the traps w i t h i n d o l e , skatole plus i s o - b u t y r i c acid as the 

a t t r a c t a n t , while a s o l u t i o n of i n d o l e , skatole plus i s o - v a l e r i c 

acid caught 572 a d u l t s , 40.9% of the t o t a l (Table 21). The 

C.opromyza spp. were also s t r o n g l y a t t r a c t e d to s o l u t i o n s of skatole 

i n combination w i t h e i t h e r n-butyric a c i d , i s o - b u t y r i c acid, 

n - v a l e r i c a c i d , or i s o - v a l e r i c a c i d , although separately these 
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chemicals were only marginally a t t r a c t i v e (Tables 22 and 23). 

This may be due to skatole and indolle a c t i n g as " f i x i n g agents" 

to odours from the other chemicals. 

From Table 24 i t can be c l e a r l y seen t h a t s o l u t i o n s of 

n-butyric acid plus skatole and/or indole were f a r more a t t r a c t i v e 

than would be expected from the numbers of adults t h a t were caught 

i n traps where these chemicals were used i n i s o l a t i o n . A s o l u t i o n 

of n - b u t y r i c acid plus skatole was s i g n i f i c a n t l y more a t t r a c t i v e to 

the Coromyza spp. than n-b u t y r i c acid plus i n d o l e , or n-but y r i c 

acid plus indole and sk-atole (Table 24). A s o l u t i o n of n-but y r i c 

acid plus skatole and ind o l e was s i g n i f i c a n t l y more a t t r a c t i v e to 

C. s i m i l i s than a s o l u t i o n of n-but y r i c acid plus i n d o l e , but 

there appears to have been no s i g n i f i c a n t d i f f e r e n c e between the 

a t t r a c t i v e powers of these two s o l u t i o n s to other Gopromyza spp. 

B. Fatty acids 

A mixture of v o l a t i l e organic acids, c o n s i s t i n g mainly 

of short-chain f a t t y acids, i s a c h a r a c t e r i s t i c product of 

fermentation w i t h i n the alimentary t r a c t of mammals. Elsden, 

Hitchcock, Marshall and P h i l l i p s o n (1946) found t h a t the q u a n t i t i e s 

of v o l a t i l e f a t t y acids produced by mammals varied from species to 

species (ruminants producing the l a r g e s t q u a n t i t i e s ) . They l i s t e d 

the f o l l o w i n g animals i n order of decreasing production : oxen and 

sheep, horses, p i g s , r a b b i t s , and r a t s . The f a t e of v o l a t i l e f a t t y 

acids i n the i n t e s t i n e has been the subject of a number of 

i n v e s t i g a t i o n s ( P h i l l i p s o n and McNally, 1942; B a r c r o f t , McNally and 

P h i l l i p s o n , 1944; Elsden, 1946; D a n i e l l i , Hitchcock, Marshall and 
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P h i l l i p s o n , 19^6; Masson and P h i l l i p s o n , 1952). These 
i n v e s t i g a t i o n s showed t h a t a l t h o u g h t h e r e was a h i g h c o n c e n t r a t i o n 
o f v o l a t i l e f a t t y a c i d s ( m a i n l y a c e t i c , p r o p i o n i c , and b u t y r i c a c i d s ) 
i n the rumen, due t o a b s o r b t i o n i n t h e rumen, r e t i c u l u m , and omasum, 
the c o n c e n t r a t i o n i n the abomasum was low. Gray, P i l g r i m and 
W e l l e r (1951) found t h a t 1 k i l o o f wheaten hay, fermented i n v i t r o , 
gave 200 - 250gm o f v o l a t i l e f a t t y a c i d s , b u t they concluded t h a t 
very l i t t l e o f these a c i d s would be found i n the excrement o f the 
a n i m a l s . 

P h i l l i p s o n (pers.comm., 1965) s t a t e d t h a t f a t t y a c i d s i n 

the faeces o f cows, sheep, and horses c o n s i s t m a i n l y o f a c e t i c , 

p r o p i o n i c , and b u t y r i c a c i d s and these amount t o about 90% o f t h e 

t o t a l . A.Th.vant't K l o o s t e r o f the L a b o r a t o r y o f Animal P h y s i o l o g y , 

A g r i c u l t u r a l U n i v e r s i t y , Wageningen, H o l l a n d (pers.comm., 1965 ) 

found t h a t i n the faeces o f ^ cows the r a t i o o f a c e t i c a c i d t o 

p r o p i o n i c and b u t y r i c a c i d s was a p p r o x i m a t e l y 3:1:1. 

a) A c e t i c a c i d CH COOH 

I n low c o n c e n t r a t i o n s , a c e t i c a c i d a t t r a c t s some D i p t e r a , 

e.g. Musea domestica (Crumb and Lyon, 1921). However, i t does n o t 

appear t o have been a t t r a c t i v e t o t h e Gopromyza spp., b o t h i n 

i s o l a t i o n and i n c o m b i n a t i o n w i t h s k a t o l e (Table 2 2 ) . Scopeuma 

appears t o have been s l i g h t l y a t t r a c t e d t o b o t h a c e t i c a c i d and 

a c e t i c a c i d p l u s s k a t o l e . 15.9^ of the t o t a l number o f Dasyphora 

t h a t were r e c o r d e d were caught i n t h e t r a p s w i t h a c e t i c a c i d as the 

a t t r a c t a n t , b ut the a d d i t i o n o f s k a t o l e r e n dered a c e t i c a c i d l e e s 
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a t t r a c t i v e t o t h i s s p e c i e s . 

b) P r o p i o n i c a c i d CH7CH COOH 
3 2 

Cragg (1950) found p r o p i o n i c a c i d t o be s l i g h t l y -

a t t r a c t i v e t o L u c i l i a s e r i c a t a . S o l u t i o n s o f t h i s c hemical appear 

t o have been v i r t u a l l y u n a t t r a c t i v e t o the Copromyza spp. and 

Scopeuma (Table 2 2 ) . A d d i t i o n o f s k a t o l e d i d n o t n o t i c e a b l y 

a f f e c t the a t t r a c t i v e n e s s . I n Table 22 i t can be seen t h a t 

p r o p i o n i c a c i d a c t e d as a m i l d a t t r a c t a n t t o Dasyphora, b u t i n 

c o m b i n a t i o n w i t h s k a t o l e i t appeared t o be u n a t t r a c t i v e . 

c) n - B u t y r i c a c i d CH^CCP^)^ COOH and i s o - b u t y r i c a c i d 

( C H 5 ) 2 CH.COOH 

D e t h i e r (19^7) r e p o r t e d t h a t b u t y r i c a c i d i s known t o 

ac t as a f e e d i n g and o v i p o s i t i o n type o f a t t r a c t a n t t o many 

C a l l i p h o r i d a e , Sarcophagidae, Muscidae, and Anthomyiidae. 

A p a r t from i s o - b u t y r i c a c i d and n - b u t y r i c a c i d which 

appear t o have been m i l d l y a t t r a c t i v e t o C . h i r t i p e s and Scopeuma 

r e s p e c t i v e l y , b o t h a c i d s seem t o have been u n a t t r a c t i v e , or o n l y 

m a r g i n a l l y a t t r a c t i v e t o the Copromyza spp., and Dasyphora 

(Table 21 and 2 2 ) . However, i s o - b u t y r i c a c i d i n c o m b i n a t i o n w i t h 

s k a t o l e and i n d o l e a c t e d as a s t r o n g a t t r a c t a n t t o the Copromyza 

spp. and a moderate a t t r a c t a n t t o S.subsultans (Table 2 1 ) . A 

s o l u t i o n o f n - b u t y r i c a c i d p l u s s k a t o l e a c t e d as a p o w e r f u l 

a t t r a c t a n t t o the Copromyza spp. and a s t r o n g a t t r a c t a n t t o 

Dasyphora and t o Scopeuma (Table 2 2 ) . 

I n Table 23 i t can be seen t h a t n - b u t y r i c a c i d p l u s 
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s k a t o l e was s i g n i f i c a n t l y more a t t r a c t i v e t o the Gopromyza spp. 
than the o t h e r s o l u t i o n s . I s o - b u t y r i c a c i d p l u s s k a t o l e was 
s i g n i f i c a n t l y more a t t r a c t i v e t o C.equina, C . h i r t i p e s , and C . n i g r a , 
but n o t C . s i m i l i s , than n - v a l e r i c a c i d p l u s s k a t o l e . There was no 
s i g n i f i c a n t d i f f e r e n c e between the a t t r a c t i v e powers o f s o l u t i o n s 
o f i s o - b u t y r i c a c i d p l u s s k a t o l e and i s o - v a l e r i c a c i d p l u s s k a t o l e 
t o any o f t h e Copromyza spp. 

d) n - V a l e r i c a c i d CH^Cl^CH.^COOI-I and i s o - V a l e r i c a c i d 

(CH_)_ CH.CH_COOH 5 d d 

D e t h i e r (19^7) r e p o r t e d t h a t the common isomer o f 

v a l e r i c a c i d p r e s e n t i n b a r n y a r d manure i s a t t r a c t i v e t o s p e c i e s 

o f Muscidae, C a l l i p h o r i d a e , Sarcophagidae and Anthomyiidae. 

As a t t r a c t a n t s n - v a l e r i c and i s o - v a l e r i c a c i d s a c t e d 

s i m i l a r l y t o t h e b u t y r i c a c i d i s o m e r s . n - V a l e r i c a c i d appears 

t o have been u n a t t r a c t i v e or o n l y m a r g i n a l l y a t t r a c t i v e t o the 

Copromyza spp. and Dasyphora and m i l d l y a t t r a c t i v e t o Scopeuma 

(Table 22). A s o l u t i o n o f n - v a l e r i c a c i d p l u s s k a t o l e a c t e d as 

a s t r o n g a t t r a c t a n t t o t h e Copromyza spp. and Scopeuma, but i t was 

o n l y s l i g h t l y a t t r a c t i v e t o Dasyphora. I s o - V a l e r i c a c i d appears t o 

have been m o d e r a t e l y a t t r a c t i v e t o C . h i r t i p e s (Table 2 l ) , b u t 

u n a t t r a c t i v e or o n l y m a r g i n a l l y a t t r a c t i v e t o t h e o t h e r s p e c i e s . 

A s o l u t i o n o f i s o - v a l e r i c a c i d p l u s s k a t o l e and i n d o l e a c t e d as 

a s t r o n g a t t r a c t a n t t o the C'opromyza spp. and S.subsultans (Table 21 

I n c o m b i n a t i o n w i t h s k a t o l e i t was a l s o a s t r o n g a t t r a c t a n t t o the 

Copromyza spp. and Scopeuma, but u n a t t r a c t i v e t o Dasyphora (Table 22 
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A s o l u t i o n o f i s o - v a l e r i c a c i d p l u s s k a t o l e was 
found t o be s i g n i f i c a n t l y more a t t r a c t i v e t o the Copromyza spp., 
except C . s i m i l i s , than n - v a l e r i c a c i d p l u s s k a t o l e ( T able 2 3 ) . 
The s i g n i f i c a n t d i f f e r e n c e s i n a t t r a c t i v e powers o f s o l u t i o n s o f 
c e r t a i n f a t t y a c i d s p l u s s k a t o l e , i n d i c a t e d by these i n v e s t i g a t i o n s , 
c o u l d o n l y be v e r i f i e d by l a b o r a t o r y e xperiments u s i n g a 
s o p h i s t i c a t e d o l f a c t o m e t e r . 

e) n-Caproic a c i d CH^CCH^)^COOH and i s o - C a p r o i c a c i d (CR )^ 

CH.CH CH COOH 

n-Caproic a c i d appears t o have been u n a t t r a c t i v e t o 

the Copromyza spp. and Uasyphora, b u t s l i g h t l y a t t r a c t i v e t o 

Scopeuma (T a b l e 2 2 ) . I n com b i n a t i o n w i t h s k a t o l e , i t was 

m a r g i n a l l y a t t r a c t i v e t o the Copromyza spp. and m i l d l y a t t r a c t i v e 

t o Dasyphora, b u t the number o f Scopeuma caught was o n l y i n c r e a s e d 

by 1 (Table 2 2 ) . 

i s o - C a p r o i c a c i d a l s o appears t o have been u n a t t r a c t i v e 

t o t h e Copromyza spp., b u t m a r g i n a l l y and m i l d l y a t t r a c t i v e t o 

Dasyphora and Scopeuma r e s p e c t i v e l y . i s o - C a p r o i c a c i d p l u s 

s k a t o l e a c t e d as a m i l d a t t r a c t a n t t o the Copromyza spp. and 

Dasyphora and was s t r o n g l y a t t r a c t i v e t o Scopeuma (Table 22). 

f ) n-Octoic a c i d CH V(ClO.COOH 
3 2 6 

n-Octoic a c i d , alone and i n co m b i n a t i o n w i t h s k a t o l e , 

seems t o have been u n a t t r a c t i v e t o the Copromyza spp. and Dasyphora, 

but n-Octoic a c i d p l u s s k a t o l e appears t o have been m a r g i n a l l y 

a t t r a c t i v e t o Scopeuma (Table 2 2 ) . 
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g) n-Decoic a c i d CH (CH 2)gC00H 

Apar t from Scopeuma which appears t o have been 

m i l d l y a t t r a c t e d t o n-decoic a c i d p l u s s k a t o l e , t h i s c h e m i c a l , 

s i n g l y and i n c o m b i n a t i o n w i t h s k a t o l e , seems t o have been 

u n a t t r a c t i v e t o the o t h e r s p e c i e s . 

C. Amines 

Krijg s m a n and Windred (1933) found t h a t L y p e r o s i a 

v/as a t t r a c t e d t o amines e x t r a c t e d from dung. K u l l e n b e r g (1953) 

showed t h a t the scent from Arum spp. c o n t a i n s amines and ammonia 

which a t t r a c t manure i n s e c t s . Aedes a e g y p t i i s as s t r o n g l y 

a t t r a c t e d t o t r i m e t h y l a m i n e as arm odour, b u t methylamine a c t s 

as a r e p e l l e n t (Delong, 195*0. S t e i n e r (19^2) found t h a t 

d imethylamine i s a t t r a c t i v e t o Phormia r e g i n a , b u t methylamine 

and T r i m e t h y l a m i n e a c t as r e p e l l e n t s . 

a) Methylamine (CH ) NH 2 

Methylamine appears t o have been u n a t t r a c t i v e , or 

o n l y m a r g i n a l l y a t t r a c t i v e ? t o the Copromyza spp., but i t a c t e d 

as a moderate a t t r a c t a n t t o Scopeuma and S.subsultans ( T a b l e s 21 

and 2 2 ) . To a d u l t s o f S . n i t i d a i t was by f a r the most a t t r a c t i v e 

chemical t e s t e d . 69% o f the t o t a l numbers o f a d u l t s o f t h i s 

s p ecies v/ere caught i n the methylamine t r a p s . A s o l u t i o n o f 

methylamine p l u s s k a t o l e was s l i g h t l y a t t r a c t i v e t o the Copromyza 

spp., but t o Scopeuma i t v/as the most a t t r a c t i v e . 

b) Dimethylamine {<ZE )^ NH 

T h i s chemical appears t o have been v i r t u a l l y 

u n a t t r a c t i v e t o s p h a e r o c e r i d s (Table 2 1 ) . 
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c ) T r i m e t h y l a m i n e (CH^)^ N 

Th i s chemical appears t o have been m a r g i n a l l y 

a t t r a c t i v e t o C . s i m i l i s , C . h i r t i p e s , and S . n i t i d a (Table 2 1 ) . 

d) 1, ^--Diamino butane NH^CH^)^ NH^ and 1, 5-Diamino 

pentane N H ^ C H ^ NH'2 

Both chemicals appear t o have been v i r t u a l l y 

u n a t t r a c t i v e t o the s p h a e r o c e r i d s under i n v e s t i g a t i o n (Table 2 1 ) . 

D. Ammonium h y d r o x i d e NH^OH and Ammonium carbonate 

(KH 2 f) 2C0 3 

Ammonia i s a w e l l known i n s e c t a t t r a c t a n t . W i e t i n g 

and Hoskins (1939) found t h a t Musca d o m e s t i c a . i s a t t r a c t e d t o 

ammonia i n a i r a t a c o n c e n t r a t i o n 0.012% by volume, but r e p e l l e d 

by c o n c e n t r a t i o n s g r e a t e r than 0.03%. 

Ammonium carbonate appears t o have been u n a t t r a c t i v e 

t o s p h a e r o c e r i d s , b u t ammonium h y d r o x i d e was moder a t e l y a t t r a c t i v e 

t o S . n i t i d a ( Table 2 1 ) . 

E. Other chemicals t e s t e d 

Benzoic a c i d (GgH^COOH) and phenol (CgH OH) appear 

t o have been m a r g i n a l l y a t t r a c t i v e t o the Copromyza spp., w h i l e 

i n d o l e - a c e t i c a c i d ^.^H^NO,^) a n <^ P a r a c r e s ° l ^8^10^2^ w e r e 

u n a t t r a c t i v e t o a l l s p e c i e s (Table 2 1 ) . 

These i n v e s t i g a t i o n s i n d i c a t e t h a t a l t h o u g h a d u l t s o f 

a l l t h e above sp e c i e s are a t t r a c t e d t o dung, t h e r e i s a marked 

d i f f e r e n c e i n t h e i r r e a c t i o n t o c e r t a i n c h e m i c a l s . Thus, a c e t i c 

and p r o p i o n i c a c i d s were o n l y a t t r a c t i v e , t o any degree, t o 

Dasyphora, w h i l e methylamine act e d as a p o w e r f u l a t t r a c t a n t t o 
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S . n i t i d a and i n s o l u t i o n , , t o Scopeuma, b u t i t was v i r t u a l l y 

u n a t t r a c t i v e t o the Copromyza spp. and Dasyphora. However, 

both isomers o f b u t y r i c a c i d , i n c o m b i n a t i o n w i t h s k a t o l e , were 

a t t r a c t i v e t o the Copromyza spp., Scopeuma, and Dasyphora. 

G e n e r a l l y , s p e c i e s b e l o n g i n g t o the genus Copromyza r e a c t e d 

s i m i l a r l y t o the chemicals t e s t e d . 

I t can be seen from Tables 21 and 22 t h a t the most 

a t t r a c t i v e c h e m i c a l c o m b i n a t i o n s were comparable i n t h e i r 

a t t r a c t i v e powers t o a s m a l l q u a n t i t y o f f r e s h horse dung expose 

i n a 100ml beaker, except t o S . n i t i d a and t o Scopeuma. Methy-

lamine appears t o be a t l e a s t 6 times as a t t r a c t i v e as horse 

dung t o S . n i t i d a and methylamine p l u s s k a t o l e seems t o be k 

times more a t t r a c t i v e t o Scopeuma than horse dung. I t must be 

p o i n t e d o u t , however, t h a t s m a l l q u a n t i t i e s o f dung age r a p i d l y 

and t h a t horse dung i s o n l y about o n e - s i x t h as a t t r a c t i v e t o 

Scopeuma as cow dung (Gibbons, pers.comm.). 

(3) SEX RATIO OF COPROMYZA SPECIES CAUGHT 

I n Table 25 the t o t a l numbers o f males and females 

o f the Copromyza spp. t h a t were caught i n d e t e r g e n t t r a p s , 

u s i n g c e r t a i n chemical a t t r a c t a n t s , are shown. X v a l u e s 

have been c a l c u l a t e d and th e y are a l s o shown i n Table 25. 

I t can be seen from Table 25 t h a t t h e r e i s no s i g n i f i c a n t 

d i f f e r e n c e i n t h e sex r a t i o o f any o f the species and, t h e r e f o r e 

i t appears t h a t these chemicals were e q u a l l y a t t r a c t i v e t o b o t h 

males and fema l e s . 
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(4) ATTRACTIVENESS OF DIFFERENT CONCENTRATIONS OF N-BUTYRIC 

ACID PLUS SKATOLE IN AQUEOUS SOLUTION 

Odours are a e r i a l m o l e c u l a r suspensions and the f i r s t 

d i s c e r n i b l e r e a c t i o n o f an i n s e c t t o an i n c r e a s e i n m o l e c u l a r 

c o n c e n t r a t i o n o f an odorous substance i s known as the t h r e s h o l d 

o f response. The acceptance or avoidance o f the odorous substance 

a t t h i s p o i n t d e t e r m i n e s whether the substance i s an a t t r a c t a n t o r 

a r e p e l l e n t . Warnke (1951) found t h a t c o n c e n t r a t i o n s o f 0.003 -

0.009mgm o f s k a t o l e / l i t r e o f water i n i t i a t e d an a t t r a c t i v e t h r e s h o l d 

response from Geotrupes s y l v a t i c a and Geotrupes v e r n a l i s . An odour, 

i f i t i s i n i t i a l l y a t t r a c t i v e , w i l l i n c r e a s e i t s a t t r a c t i v e n e s s w i t h 

i n c r e a s e d c o n c e n t r a t i o n u n t i l an optimum i s reached. Above t h i s 

l e v e l the a t t r a c t i v e n e s s decreases w i t h i n c r e a s e d c o n c e n t r a t i o n u n t i l 

t h e substance a c t s as a r e p e l l e n t . W i e t i n g and Hoskins (1939) 

demonstrated t h i s phenomenon by s u b j e c t i n g Musca domestica to. 

d i f f e r e n t c o n c e n t r a t i o n s o f ch e m i c a l s , i n c l u d i n g ammonia and e t h y l 

a l c o h o l i n a stream o f a i r . 

The p r e s e n t i n v e s t i g a t i o n s were undertaken o n l y t o g i v e some 

i n d i c a t i o n of t h e optimum c o n c e n t r a t i o n o f s k a t o l e p l u s n - b u t y r i c a c i d 

f o r use as an a t t r a c t a n t i n t h e f i e l d and t o determine the r a t e a t 

which the a t t r a c t i v e n e s s o f d i f f e r e n t c o n c e n t r a t i o n s a l t e r s d a i l y . . 

D e t h i e r (1947) emphasised t h a t i n t r i c a t e l a b o r a t o r y a pparatus i s 

r e q u i r e d t o make a c c u r a t e q u a n t i t a t i v e d e t e r m i n a t i o n s o f the r e p e l l e n t 

o r a t t r a c t i v e q u a l i t i e s o f any substance. 

Aqueous s o l u t i o n s o f s k a t o l e , n - b u t y r i c a c i d , and s k a t o l e 
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p l u s n - b u t y r i c a c i d , o f d i f f e r e n t c o n c e n t r a t i o n s , were s i m u l t a n e o u s l y 

exposed i n the f i e l d i n November 1964 and May 1966 (method as 

p r e v i o u s l y d e s c r i b e d ) . The s o l u t i o n s were exposed f o r p e r i o d s o f 

3 days and t h e t r a p s emptied a t the end o f each p e r i o d , except f o r 

one 7-day exposure when the t r a p s were emptied d a i l y . A t r a p 

w i t h o u t an a t t r a c t a n t was always p l a c e d i n the area as a c o n t r o l . . 

I n Tables 26 and 28 the t o t a l numbers o f a d u l t s o f each species t h a t 

were caught i n t r a p s w i t h s o l u t i o n s o f d i f f e r e n t s t r e n g t h s as 

a t t r a c t a n t s are shown. I n Table 27 the d a i l y numbers o f a d u l t s 

and the t o t a l numbers o f each sp e c i e s t h a t were caught i n t r a p s 

w i t h s o l u t i o n s o f d i f f e r e n t s t r e n g t h s are shown. 

TABLE 26. T o t a l numbers o f a d u l t s caught i n d e t e r g e n t t r a p s w i t h 

s k a t o l e (S) and n - b u t y r i c a c i d (B) as a t t r a c t a n t s over 

6 days (two 3-day e x p o s u r e s ) . 1 t r a p t o each s o l u t i o n . 

November 1964 

Q u a n t i t y o f chemical No. o f a d u l t s 
t o 100ml water _ . „ , . , . . . . 

u . s i m i l i s L.equxna L . h i r t i p e s C.nigra 
l.Ogm S + 1.0ml B 14 49 1 9 
0.1 gm S +. 0.1ml B 21 38 1 2 
0.01 S + 0.01ml B 1 1 0 0 
0.001 S + 0.001ml B O O 0 0 
0.0001 S + 0.001ml B O O 0 0 
O.lgm S 2 4. 0 1 
0.1ml B 0 2 0 1 
Water 0 0 0 0 
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TABLE 2 7 ( i ) . Numbers o f a d u l t s caught d a i l y (and t o t a l numbers) i n 

d e t e r g e n t t r a p s w i t h s k a t o l e (S) and n - b u t y r i c a c i d (B) 

as a t t r a c t a n t s . 2 t r a p s t o each s o l u t i o n . May 1966 

Q u a n t i t y o f chemical 
t o 100ml o f wat e r 

f a y 
1 

c . 

2 

n i g r a 

3 

(No. 

4 

o f a d u l t s ) 

5 6 7 T o t a l 

1. l.Ogm S 0 0 1 0 2 1 1 5 

2. O.lgm S 0 0 0 0 1 2 1 4 

3. 1.0ml. B 0 0 0 0 1 1 1 3 

4.. 0.1ml B 0 0 0 0 1 0 0 1 

5. l.Ogm S + 1.0ml B 22 16 8 22 36 70 60 234 

6. l.Ogm 3 +. 0.1ml B 18 6 4 28 14 54 36 160 

7. O.lgm 3 + 1.0ml B 28 34 25 57 31 95 63 333 

8. O.lgm S +. 0.1ml B 24 13 19 75 27 160 110 428 

9.- O.lgm S + 0.01ml B 3 6 6 31 17 61 40 163 

ICt. 0..1gm S + 0.001ml B 4 0 2 17 20 41 30 114 

11. O.lgm 3 + 0.001ml B 0 0 0 5 1 17 13 36 

12. O.Olgm 3 + 0.1ml B 23 3 2 6 10 12 8 64 

13. O.OOlgm S + 0.1ml B 5 0 0 0 0 0 0 5 

14.. O.OOlgm S + 0.1ml B 2 2 0 0 0 0 0 L 

15. O.Olgm 3 +. 0.01ml B 15 4 1 13 8 10 8 59 

16. O.OOlgm S + 0.001ml B 
1 0 0 0 0 0 0 1 

17. O.OOOlgm S + 0.0001ml B 
0 0 0 0 0 0 0 0 

l 8 . Water 0 0 0 0 0 0 0 0 
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TABLE 2 ? ( i i ) . Numbers o f a d u l t s caught d a i l y (and t o t a l numbers) i n 

d e t e r g e n t t r a p s w i t h s k a t o l e (S) and n - b u t y r i c a c i d (B) 
as a t t r a c t a n t s . 2 t r a p s t o each s o l u t i o n . May 1966. 

C . s i m i l i s (No. o f a d u l t s ) 

Q u a n t i t y o f chemical 
t o 100ml water 1 2 ~7 k 5 6 7 T o t a l 

1. l.Ogm 3 0 0 0 0 0 0 0 0 

2. O.lgm 3 0 0 0 0 0 0 0 0 

3. 1.0ml B 0 0 0 0 0 0 0 0 

k. Q.lml B 0 0 0 0 0 0 0 0 

5. l.Ogm S +. 1.0ml B 2 2 2 12 2 1 1 22 

6. l.Ogm 3 + 0.1ml B 0 0 0 8 2 1 1 12 

7. O.lgm 3 +. 1.0ml B 2 3 11 3 0 3 1 23 

8. O.lgm 3 + 0.1ml B 3 1 11 9 2 5 3 32 

9. O.lgm 3 + 0.01ml B 0 0 3 2 1 1 1 8 

10. O.lgm 3 + 0.001ml B 1 0 2 2 0 1 0 6 

11. O.lgm 3 + 0.001ml B 0 0 0 0 0 0 0 0 

12. O.Olgm 3 + 0.1ml B 0 0 2 2 1 0 0 5 

13. O.OOlgm S + Q.lml B 0 0 0 0 0 0 0 0 

Ik. O.OOlgm 3 + 0.1ml B 0 0 0 0 0 0 0 0 

15. 0,01gm 3 + 0.01ml B 0 0 0 0 0 1 0 1 

16. O.OOlgm 3 + 0.001ml B 0 0 0 0 0 0 0 0 

17. O.OOOlgm 3 + 0.0001ml B 
0 0 0 0 0 0 0 0 

18, Water 0 0 0 0 0 0 0 0 
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TABLE 2 7 ( i i i ) . Numbers o f a d u l t s caught d a i l y (and t o t a l numbers) i n 

d e t e r g e n t t r a p s w i t h s k a t o l e (S) and n - b u t y r i c a c i d (B) 

as a t t r a c t a n t s , 2 t r a p s t o each s o l u t i o n . May 1966. 

c . equina (No. o f a d u l t s ) 

Q u a n t i t y o f chemical 
to:. 100ml water 

Day 
1 2 3 4 5 6 7 1'otal 

1 . l.Ogm S 0 0 0 0 0 0 0 d. 

2. O.lgm S 0 0 0 0 0 0 0 0 

3.. 1.0ml B 0 0 0 0 0 0 0 0 

4. 0.1ml B 0 0 0 0 0 0 0 0 

5. l.Ogm S + 1.0ml B 10 4 0 6 4 0 0 24 

6. l.Ogm S + 0.1ml B 2 2 2 2 4 0 0 12 

7. O.lgm S + 1.0ml B 16 4 7 3 3 2 1 36 

8. O.lgm S + 0.1ml B 5 1 4 3 2 7 4 26 

9. O.lgm 3 + 0.01ml B 2 2 2 3 1 2 2 14 

10. O.lgm 3 + 0.001ml B 2 0 0 0 0 1 0 3 

1 1 . O.lgm S + 0.001ml B 0 0 0 0 1 1 0 2 

12.. O.Olgm S +. 0.1ml B 2 0 1 0 0 1 1 5 

13. O.OOlgm S +. 0.1ml B 0 0 0 0 0 0 0 0 

14. O.OOlgm S +. 0.1ml B 0 0 0 0 2 1 0 3 

15. O.Olgm S +. 0.01ml B 0 0 0 0 0 0 0 0 

16. O.OOlgm S + 0.001ml B 0 0 0 0 0 0 0 0 

17. O.OOOlgm S + O.OOOlral B 
0 0 0 0 0 0 0 0 

18. Water 0 0 0 0 0 0 0 0 



TABLE 28. T o t a l numbers o f a d u l t s caught i n d e t e r g e n t t r a p s w i t h 

s k a t o l e (S) and n - b u t y r i c a c i d (B) as a t t r a c t a n t s i n 

3 days. 1 t r a p t o each s o l u t i o n . May 1966. 

c . equina 
No. 

C . s i r a i l i s 
o f a d u l t s 
C . h i r t i p e s C.nig: 

1. lgm S 1 0 0 2 

2. O.lgm S 0 0 0 2 

3- 1.0ml B 0 1 0 1 

0.1ml B 0 0 1 0 

5. l.Ogm S + 1.0ml B 5 7 0 11 

6. O.lgm S +. 1.0ml B 6 2 0 31 

7. O.Olgm S + 1.0ml B l 0 1 3k 
8. O.OOlgm S + 1.0ml B 1 1 0 ko 

9. O.lgm S + 0.5ml B 2 12 0 ki 
10. O.lgm S +. 0.1ml B 3 1 0 90 

11. O.lgm S + 0.01ml B k 2 0 69 

12. O.lgm S +. 0.01ml B 0 0 0 36 

13. O.lgm S +. 0.001ml B 0 0 0 16 

Ik. Water 0 0 0 0 
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From Table 26 i t can be seen t h a t i n November 1964 a 

1% s o l u t i o n o f s k a t o l e p l u s n - b u t y r i c a c i d tended t o be s l i g h t l y 

more a t t r a c t i v e t o a d u l t s o f t h e Copromyza spp., except C . s i m i l i s , 

t h a n a 0.1% s o l u t i o n , w h i l e 0.01% and 0.001% s o l u t i o n s were s l i g h t l y 

a t t r a c t i v e and u n a t t r a c t i v e r e s p e c t i v e l y . 

I t can be seen from Table 27 t h a t the f o l l o w i n g s o l u t i o n s 

( i n o r d e r o f d e c r e a s i n g a t t r a c t i v e n e s s ) were the most a t t r a c t i v e t o 

C . s i m i l i s and C.nigra : ( l ) 0.1% s k a t o l e + n - b u t y r i c a c i d 

(2) 0.1% s k a t o l e + 1.0% n - b u t y r i c a c i d (3) 1.0% s k a t o l e + 

n - b u t y r i c a c i d . These s o l u t i o n s v/ere a l s o the most a t t r a c t i v e t o 

C.equina, b u t t h e o r d e r o f a t t r a c t i v e n e s s was 2, 1, 3. Only 8 

C . h i r t i p e s a d u l t s were caught. The r e l a t i v e l y low numbers o f 

C . s i m i l i s , C.equina, and C . h i r t i p e s t h a t were caught was 

p r o b a b l y due t o low p o p u l a t i o n d e n s i t i e s i n the area a t the t i m e . 

I t can be seen from Table 28 t h a t i n l a t e May 1966 

C.equina was most s t r o n g l y a t t r a c t e d t o a 1.0% n - b u t y r i c a c i d 

+ 0.1% s k a t o l e s o l u t i o n , and C . s i m i l i s t o a 0.5% n - b u t y r i c a c i d 

+- 0.1 s k a t o l e s o l u t i o n , but b o t h s p e c i e s were a t t r a c t e d t o a range 

o f c o n c e n t r a t i o n s . Far more C.nigra a d u l t s were caught by a w i d e r 

range o f c o n c e n t r a t i o n s . (The peak i n seasonal abundance o f 

C.nigra a d u l t s i n the open f i e l d i s i n May and t h i s p r o b a b l y 

accounts f o r the h i g h numbers t h a t were c a u g h t ) . The most 

a t t r a c t i v e s o l u t i o n t o t h i s s pecies appears t o have been a 

0.1% s k a t o l e + n - b u t y r i c a c i d s o l u t i o n . The g r e a t e r a t t r a c t i v e n e s s 

o f the l o w e r c o n c e n t r a t i o n s i n l a t e May, p a r t i c u l a r l y compared w i t h 

November, b u t a l s o mid-May, c o u l d p o s s i b l y be due t o the h i g h e r 
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t e m p e r a t u r e s i n l a t e May, as the r a t e a t which m o l e c u l e s are 
e m i t t e d from a v o l a t i l e source i n c r e a s e s w i t h a r i s e i n t e m p e r a t u r e . 
H i g h e r c o n c e n t r a t i o n s may be more e f f e c t i v e i n c o l d e r c o n d i t i o n s . 

The r e s u l t s o b t a i n e d from d a i l y catches i n d i c a t e t h a t 

the a t t r a c t i v e n e s s o f t h e most a t t r a c t i v e s o l u t i o n s t o a d u l t s o f 

C . s i m i l i s and C.equina decreased o n l y s l i g h t l y over the 7-day 

p e r i o d . The C.nigra catches were i n f a c t h i g h e r over the l a s t 

two days a l t h o u g h t h i s was p r o b a b l y due t o g r e a t e r a c t i v i t y , or 

an i n c r e a s e i n t h e d e n s i t y o f a d u l t s i n t h e area, the r e s u l t s 

c l e a r l y i n d i c a t i n g t h a t t h e a t t r a c t i v e powers o f the most p o w e r f u l 

chemicals, d i d n o t s i g n i f i c a n t l y a l t e r over the 7-day exposure p e r i o d . 

I t i s w o r t h w h i l e r e i t e r a t i n g t h a t t o a c c u r a t e l y determine 

the optimum c o n c e n t r a t i o n o f an a t t r a c t a n t r e q u i r e s comprehensive 

l a b o r a t o r y s t u d i e s u s i n g a s o p h i s t i c a t e d o l f a c t o m e t e r . The r e s u l t s 

o b t a i n e d f r o m the p r e s e n t s t u d i e s i n d i c a t e t h a t a wide range o f 

c o m b i n a t i o n s o f d i f f e r e n t c o n c e n t r a t i o n s o f s k a t o l e p l u s n - b u t y r i c 

a c i d ( i n aqueous s o l u t i o n ) are a t t r a c t i v e t o a d u l t s o f c e r t a i n 

Copromyza spp. and t h a t t h e a t t r a c t i v e n e s s may be a f f e c t e d by the 

p r e v a i l i n g weather c o n d i t i o n s . A c c e p t i n g the v a r i a b i l i t y o f the 

r e s u l t s i t i s suggested t h a t i f a chemical a t t r a c t a n t i s r e q u i r e d 

f o r any o f t h e Copromyza spp. (mentioned above) a 0.1% s o l u t i o n o f 

s k a t o l e p l u s n - b u t y r i c a c i d s h o u l d be r e a s o n a b l y a t t r a c t i v e a l l the 

year round. I n c o l d weather an i n c r e a s e i n the c o n c e n t r a t i o n , by 

as much as a f a c t o r o f 10, would p o s s i b l y i n c r e a s e t h e c a t c h . The 

d e t e r i o r a t i o n o f the a t t r a c t a n t over exposure p e r i o d s o f 3 - 5 days 
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i s u n l i k e l y t o be s i g n i f i c a n t . The r e s u l t s a l s o i n d i c a t e t h a t 

t h e use o f molar s o l u t i o n s i n s t e a d o f percentage s o l u t i o n s , f o r 

the comparison o f the most a t t r a c t i v e c h e m i c a l s , v/ould n o t have 

s i g n i f i c a n t l y a l t e r e d t h e r e s u l t s . 
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X I . DISCUSSION 

T h i s t h e s i s i s p r i m a r i l y concerned w i t h e v a l u a t i n g the 

b i o l o g y of 6 s p e c i e s o f Sphaeroceridae, 5 o f which are c o g e r i e r i c , 

l i v i n g i n the same h a b i t a t . F i r s t l y , t he p o s s i b l e i n t e r a c t i o n o f 

these species w i l l be di s c u s s e d i n r e l a t i o n t o the concept o f 

" c o m p e t i t i o n " and the phenomenon commonly known as "Gause's 

h y p o t h e s i s " . Secondly, the i n f o r m a t i o n o b t a i n e d from i n v e s t i g a t i o n s 

o f chemical a t t r a c t a n t s f o r c o p r o p h i l o u s Sphaeroceridae w i l l be 

disc u s s e d i n r e l a t i o n t o o l f a c t i o n and che m i c a l i n s e c t a t t r a c t a n t s 

i n g e n e r a l . 

(1) CIRCUMSTANCES OF CO-EXISTENCE AMONG COPROPHILOUS SPHAEROCERIDAE 

IN RELATION TO THE POSSIBLE REDUCTION OF COMPETITION 

Since Darwin's "The O r i g i n o f Species" was p u b l i s h e d i n 

1859 c o m p e t i t i o n has been regarded as one o f the most i m p o r t a n t 

forms o f the s t r u g g l e f o r e x i s t e n c e , b ut B i r c h (1957) emphasized 

t h a t due t o i n d i s c r i m i n a t e and o f t e n ambiguous usage i n b i o l o g i c a l 

l i t e r a t u r e the term has l a r g e l y l o s t i t s s c i e n t i f i c u s e f u l n e s s . 

He, t h e r e f o r e , proposed t h a t the use o f t h e term should be r e s t r i c t e d 

and s t a t e d t h a t " c o m p e t i t i o n occurs when a number o f animals ( o f the 

same or d i f f e r e n t s p e c i e s ) u t i l i z e common r e s o u r c e s , the supply o f 

which i s s h o r t " . T h i s i s e s s e n t i a l l y the same d e f i n i t i o n as g i v e n 

by Clements and S h e l f o r d (1939), Crornbie (19A7), Park (195*0, 

M i l n e (196D, Bakker (I96D, and Solomon (196*0. 

The term " c o m p e t i t i o n " has been used i n a broader sense 

by Odum (1959) who s t a t e d t h a t " C o m p e t i t i o n r e f e r s t o two organisms 
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s t r i v i n g f o r the same t h i n g . I n eco l o g y , i n t e r s p e c i f i c c o m p e t i t i o n 
i s any i n t e r a c t i o n between two or more spe c i e s which a d v e r s e l y a f f e c t s 
t h e i r growth and s u r v i v a l " , and l a t e r p o i n t e d out t h a t t h e i n t e r a c t i o n 
can i n v o l v e common space, f o o d , l i g h t , waste m a t e r i a l a c t i o n , 
s u s c e p t i b i l i t y t o c a r n i v o r e s , d i s e a s e , and many o t h e r t y p e s o f 
i n t e r a c t i o n . E l t o n (19^6), i n a s i m i l a r i n t e r p r e t a t i o n , s t a t e d 
t h a t " C o m p e t i t i o n i s used n o t merely f o r d i r e c t antagonism, b u t as 
an o b j e c t i v e i n t e r p l a y o f l o n g e v i t y f a c t o r s o f a l l k i n d s (known and 
unknown) f a v o u r i n g one s p e c i e s a t the expense o f a n o t h e r " . However, 
E l t o n and M i l l e r (195^) used the term i n the r e s t r i c t e d sense. 

For the sake o f c l a r i t y i t i s c o n s i d e r e d necessary t o 

r e s t r i c t the concept o f c o m p e t i t i o n t o t h e narrow type o f d e f i n i t i o n 

proposed by B i r c h (1957). T h i s i s c l o s e t o the etymology o f the 
the 

word, com- ( t o g e t h e r ) and - p e t e r e (seek) and i s s i m i l a r t o A g e n e r a l l y 

accepted everyday meaning, i . e . where two or more i n d i v i d u a l s s t r i v e 

f o r some g o a l which cannot be c o m p l e t e l y achieved by a l l . 

At t h e 1 9 ^ B r i t i s h E c o l o g i c a l S o c i e t y ' s symposium, 

devoted t o t h e ecology o f c l o s e l y a l l i e d s p e c i e s , an anonymous 

r e p o r t e r s t a t e d t h a t t h e r e was a l i v e l y d i s c u s s i o n c e n t r e d about 

"Cause's c o n t e n t i o n t h a t two spe c i e s w i t h s i m i l a r e cology cannot 

l i v e t o g e t h e r i n the same p l a c e " . T h i s appears t o have been t h e 

b i r t h o f "Cause's h y p o t h e s i s " f o r Gause (193^) c e r t a i n l y d i d n o t 

draw such g e n e r a l c o n c l u s i o n s from h i s work, but merely showed t h a t 

i n h i s c u l t u r e s the e q u a t i o n s developed by V o l t e r r a (1926) and 

L o t k a (1932) appeared t o hold.-
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Subsequently, Lack (19^5) s t a t e d t h a t "Gause contends 

t h a t two s p e c i e s w i t h s i m i l a r ecology cannot l i v e t o g e t h e r i n the 

same area", w h i l e Lack (19^6) s t a t e d t h i s concept as "two s p e c i e s 

w i t h the same ecology cannot p e r s i s t t o g e t h e r i n the same r e g i o n " . 

Another v a r i a t i o n was g i v e n by A l l e e , Emerson, Park, Park and 

Schmidt (19^9), i . e . "two s p e c i e s w i t h i d e n t i c a l e cology cannot 

p e r s i s t t o g e t h e r i n the same r e g i o n " . I n an a t t e m p t t o c l a r i f y 

t h e s i t u a t i o n G i l b e r t , Reynoldson and Hobart (1952) emphasised t h a t 

" s i m i l a r e c o l o g y " i s o b j e c t i v e l y meaningless and t h a t two s p e c i e s 

are h a r d l y l i k e l y t o be e c o l o g i c a l l y i d e n t i c a l . Subsequently, 

Park (195^) s u p p o r t e d these arguments. 

De Bach (1966) r e g a r d s the t e r m " c o m p e t i t i v e displacement 

p r i n c i p l e " as b e i n g p r e f e r a b l e t o v a r i o u s o t h e r d e s i g n a t i o n s , e.g. 

Gause's h y p o t h e s i s , G r i n n e l l ' s axiom (Udvardy, 1959), f o r the 

phenomenon. He avoided t h e use o f t h e terms " i d e n t i c a l e c o l o g y " 

and " s i m i l a r e c o l o g y " and d e f i n e d the c o m p e t i t i v e d i s p l a c e m e n t 

p r i n c i p l e as " d i f f e r e n t s p e c i e s h a v i n g i d e n t i c a l e c o l o g i c a l n i c h e s 

( t h a t i s , e c o l o g i c a l homologues) cannot c o - e x i s t f o r l o n g i n t h e 

same h a b i t a t " . . De Bach (1966) s t a t e d t h a t ' E c o l o g i c a l n i c h e r e f e r s 

t o t h e r o l e p l a y e d by an a n i m a l based upon i t s p r e c i s e f o o d , s p a t i a l 

or h a b i t u a l r e q u i r e m e n t s i n a p a r t i c u l a r h a b i t a t " and t h a t " I n d i v i d u a l s 

o f d i f f e r e n t s p e c i e s which have i d e n t i c a l needs f o r f o o d , s h e l t e r , 

or o t h e r e s s e n t i a l r e q u i s i t i e s i n the same h a b i t a t have i d e n t i c a l 

n i c h e s . I f o n l y one e s s e n t i a l component o f the n i c h e s o f two s p e c i e s 

i s i d e n t i c a l , . s u c h as f o o d , then the n i c h e s are i d e n t i c a l as r e g a r d s 
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f o o d " . v t e a t h e r l e y (1963) i n f a c t c o n s i d e r s t h a t the n i c h e concept 
w i l l be o f most value i f i t i s r e s t r i c t e d t o an organism's f e e d i n g 
r e l a t i o n s and s t a t e d t h a t "The n i c h e i s the n u t r i t i o n a l r o l e o f the 
a n i m a l i n i t s ecosystem-, t h a t i s , i t s r e l a t i o n t o a l l the foods 
a v a i l a b l e t o i t ' . 1 

The " c o - e x i s t e n c e p r i n c i p l e " i s the c o r o l l a r y o f the 

c o m p e t i t i v e d isplacement p r i n c i p l e and De Bach (1966) d e f i n e d i t 

as " d i f f e r e n t s p e c i e s which c o - e x i s t i n d e f i n i t e l y i n the same 

h a b i t a t must have d i f f e r e n t e c o l o g i c a l n i c h e s , t h a t i s , they must 

not be e c o l o g i c a l homologues". There are numerous examples o f two 

or more co g e n e r i c species l i v i n g i n the same h a b i t a t , which on 

s u p e r f i c i a l e x a m i n a t i o n appear t o d i s p r o v e t h i s t h e o r y , but 

subsequent d e t a i l e d e x a m i n a t i o n has r e v e a l e d s i g n i f i c a n t i n t e r s p e c i f i c 

d i f f e r e n c e s i n f e e d i n g h a b i t s , s p a t i a l d i s t r i b u t i o n e t c . , which show 

t h a t t h e s p e c i e s do n o t occupy the same n i c h e ( e . g . Lack, 19^5> 

19^6; H a i r s t o n , 1951; Broadhead and T h o r n t o n , 1955). I t w i l l 

be s u b s e q u e n t l y shown t h a t t h e p r e s e n t i n v e s t i g a t i o n s have r e v e a l e d 

s i g n i f i c a n t b i o l o g i c a l d i f f e r e n c e s between c e r t a i n s p e c i e s o f 

c o p r o p h i l o u s Gphaeroceridae. 

Hammer (19^1) concluded t h a t the g r e a t m o r t a l i t y among the 

e a r l y stages o f coprophagous D i p t e r a i n c a t t l e d r o p p i n g s i s seldom 

due t o shortage o f food and he p o i n t e d out t h a t i t i s f a i r l y common 

t o f i n d d r o p p i n g s which s t i l l c o n t a i n u n d i g e s t e d food a f t e r the 

m a j o r i t y of l a r v a e have ceased t o f e e d . However, Laurence (195^) 

found t h a t t h e numbers o f l a r v a e p r e s e n t i n cow p a t s were much l a r g e r 
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than p r e v i o u s l y supposed, b u t he was unable t o show t h a t t h e r e i s 
c o m p e t i t i o n f o r foo d among the l a r v a e o f coprophagous s p e c i e s , due 
t o the l a c k o f evidence o f how much the l a r v a e a c t u a l l y r e q u i r e . 
L andin ( I 9 6 I ) , a f t e r l a b o r a t o r y experiments on the food and s p a t i a l 
r e q u i r e m e n t s o f a d u l t s and l a r v a e o f c e r t a i n species o f coprophagous 
A p h o d i i n i , concluded t h a t " i n t e r s p e c i f i c f l u c t u a t i o n s o c c u r r i n g i n 
n a t u r a l p o p u l a t i o n s of dung b e e t l e s i n dung heaps depend on e n v i r o n 
m e n t a l f a c t o r s r a t h e r than the c o m p e t i t i o n f a c t o r " . The importance 
o f c o m p e t i t i o n between t h e s p e c i e s o f c o p r o p h i l o u s Sphaeroceridae 
t h a t were s t u d i e d cannot be d i r e c t l y assessed from t h e p r e s e n t 
i n v e s t i g a t i o n s , b u t i t i s p o s s i b l e t o demonstrate s i g n i f i c a n t i n t e r 
s p e c i f i c d i f f e r e n c e s i n t h e i r b i o l o g y which p r o b a b l y s e v e r e l y 
reduce the i n c i d e n c e o f c o m p e t i t i o n . 

I n Table 29 t h e monthly percentages o f a d u l t s o f each 

s p e c i e s caught i n d e t e r g e n t t r a p s around t r a y s o f horse dung a t 

H o u g h a l l , from May 1964 t o A p r i l 1966, are shown ( o r i g i n a l d a t a 

p r e s e n t e d i n Figs.11 - 16). T r a p p i n g was c a r r i e d out f o r 7-day 

p e r i o d s , u s u a l l y once a month over the two y e a r s , b u t t r a p p i n g was 

n o t a t t e m p t e d i n February 1966, due t o snow, and d u r i n g c e r t a i n months 

i n 1964 t r a p p i n g was executed on two o c c a s i o n s . Thus, the number o f 

t i m e s t h a t t r a p p i n g was c a r r i e d out i n each c a l e n d a r month, over 

the two y e a r s , was not c o n s t a n t and, t h e r e f o r e , t o g i v e a t r u e 

r e p r e s e n t a t i o n o f the seasonal p a t t e r n o f abundance the percentages 

shown i n Table 29 were c a l c u l a t e d as f o l l o w s : the mean monthly c a t c h 

f o r a c a l e n d a r month ( e . g . November 1964 (2 c a t c h e s ) ; November 1965 
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( l c a t c h ) , d i v i d e d by 3 = mean November c a t c h ) , expressed as a 

percentage o f the t o t a l o f mean monthly catches f o r the 12 c a l e n d a r 

months. 

At the end of each ?-day t r a p p i n g ( d e s c r i b e d above) from 

May 196^ t o May 19&5 samples o f the horse dung were p l a c e d i n 

emergence t r a p s i n the f i e l d and any a d u l t s t h a t emerged were 

r e c o r d e d ( f o r method e t c . see S e c t i o n V I I ) . The monthly emergence 

percentages shov/n i n Table 29 have been c a l c u l a t e d as d e s c r i b e d 

above, and t h e "months" shown i n Table 29 r e f e r t o the month i n 

which the t r a y s o f dung were exposed i n the f i e l d ( o r i g i n a l d a t a 

p r e s e n t e d i n Table 18). 
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I t can be seen from Table 29 t h a t as f a r as the a t t r a c t i o n 

t o horse dung shows, a d u l t s o f the d i f f e r e n t s pecies have p e r i o d s o f 

g r e a t e s t abundance as f o l l o w s : C . s i m i l i s and C . n i t i d a i n November 

and December; C.equina and S.subsultans i n May and June; C . h i r t i p e s 

and C.nigra i n A p r i l - June, but C . h i r t i p e s i s abundant a g a i n i n l a t e 

summer. A s i m i l a r p h a s i n g i n the seasonal occurrence o f a d u l t s o f 

d i f f e r e n t s p e c i e s was a l s o found t o occur i n cow dung a t H o u g h a l l 

(see S e c t i o n V I ) , i n d i c a t i n g t h a t a p a r t i c u l a r p a t t e r n o f abundance 

i s c h a r a c t e r i s t i c o f the species i r r e s p e c t i v e o f the k i n d o f 

d r o p p i n g s . A l t h o u g h the numbers o f a d u l t emergences cannot be 

equated w i t h t h e numbers o f eggs l a i d , due t o unknown developmental 

m o r t a l i t y , the monthly emergence percentages shown i n Table 29 do 

g i v e some i n d i c a t i o n of the seasonal b r e e d i n g p a t t e r n s o f the 

d i f f e r e n t s p e c i e s i n horse dung i n the open f i e l d . I t can be seen 

from Table 29 t h a t as f a r as emergences show, the d i f f e r e n t s p e c i e s 

have t h e f o l l o w i n g main b r e e d i n g p e r i o d s : C . s i m i l i s i n November, 

December, February, and March; C.equina i n November and February -

May; C . h i r t i p e s i n March and A p r i l ; C . n i t i d a i n November - February; 

C.nigra i n March and December; and S.subsultans i n May and August. 

The h i g h e s t emergence percentages r e c o r d e d f o r C . s i m i l i s , 

C . n i t i d a , and S.subsultans tended t o be from dung exposed i n months 

when the a d u l t s were most abundant i n t h e open f i e l d . The g r e a t e r 

p r o p o r t i o n o f the C.equina emergences were from samples exposed i n 

November and A p r i l , b u t a d u l t s were most abundant i n the f i e l d d u r i n g 

May and June. T h i s may have been due t o a h i g h e r developmental 

m o r t a l i t y i n May and June, or s i m p l y t h a t more eggs were l a i d i n A p r i l 
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and November. A d u l t s o f C . h i r t i p e s v/ere abundant around horse 
dung i n A p r i l - June and i n August (see S e c t i o n V I ) , b ut a t o t a l 
o f o n l y 18 a d u l t s emerged from May 196^ t o May 1966. The low 
numbers or complete absence o f emergences from horse dung t h a t 
had been exposed i n the f i e l d , when a d u l t s o f a s p e c i e s were 
abundant, may have been due t o a very h i g h developmental m o r t a l i t y , 
o r t h a t the sp e c i e s tends t o o v i p o s i t i n o t h e r media. The absence 
o f a d u l t emergences o f G.nigra from dung t h a t had been exposed i n 
May, when a d u l t s v/ere abundant, i s p r o b a b l y due t o t h e f a c t t h a t 
most o f t h e a d u l t s a t t r a c t e d t o horse dung a t t h i s t i m e were immature 
(see S e c t i o n V I I (4). I t cannot be concluded t h a t t h e f a i l u r e t o 
r e c o r d a d u l t emergences from samples o f horse dung t h a t had been 
exposed i n the f i e l d (when t h e a d u l t s were p r e s e n t ) was due t o the 
spe c i e s n o t o v i p o s i t i n g a t the t i m e . However, the monthly numbers 
of a d u l t s a t t r a c t e d t o horse and cow dung and the seasonal emergence 
p a t t e r n s from horse dung i n d i c a t e t h a t t o a c e r t a i n e x t e n t t h e s p e c i e s 
do have d i f f e r e n t annual c y c l e s o f abundance. 

Table JO shows the p r o p o r t i o n s o f a d u l t s o f each s p e c i e s 

caught i n d e t e r g e n t t r a p s exposed f o r 7-day p e r i o d s a p p r o x i m a t e l y 

once a month from March 1965 - A p r i l 1966 around ( a ) cow dung, 

(b ) horse dung, ( c ) manure heaps (composed o f cow and p i g dung) 

( o r i g i n a l d a t a p r e s e n t e d i n Figs.11 - l6->. 
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TABLE 30. R e l a t i v e d i s t r i b u t i o n o f a d u l t s {% o f t o t a l f o r 

each s p e c i e s ) caught i n d e t e r g e n t t r a p s around 

3 k i n d s o f dung a t H o u g h a l l . March I965 - A p r i l 1966. 

Horse dung Cow dung 

°£ 

Manure heap 

°L 

C . s i m i l i s 36.7 
10 

11.9 

/o 

1.3 
C.equina 28.8 6.5 64.7 

C . h i r t i p e s 45.6 54.2 0.2 

C.nigra 54.4 30.6 15.0 

C . n i t i d a 54.5 45.5 0 

S.subsultans 0.8 1.4 97.8 

From Table 30 i t can be seen t h a t t h e r e are marked d i f f e r e n c e s i n 

the d i s t r i b u t i o n o f a d u l t s between d i f f e r e n t k i n d s of dung; e.g. 

C . s i m i l i s was r e l a t i v e l y abundant around horse dung, b u t r a r e i n 

the manure heap, w h i l e C.equina was more abundant i n the manure 

heap than around horse dung. S.subsultans was v i r t u a l l y r e s t r i c t 

t o t h e manure heap, w h i l e C . h i r t i p e s and C . n i t i d a were abundant 

around cow and horse dung, b u t r a r e and absent r e s p e c t i v e l y from 

the manure heap. V a r i a t i o n s i n the l e v e l s o f a t t r a c t i v e n e s s o f 

d i f f e r e n t k i n d s o f dung were a l s o r e v e a l e d by exposing cow, sheep, 

p i g , and horse dung i n d e t e r g e n t t r a p s i n August 1965 a t H o u g h a l l 

(see Table 31). 
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TABLE 31. Percentages o f t o t a l numbers o f a d u l t s o f each sp e c i e s 

caught i n d e t e r g e n t t r a p s b a i t e d w i t h d i f f e r e n t k i n d s 

o f dung. H o u g h a l l August 1965 

C . s i m i l i s 

C.equina 

C . h i r t i p e s 

Horse 

81.0 

16.5 

D u n g 
P i g Sheep 

12.7 6.3 

33.7 9-2 

36.0 23.5 

Cow 

0 

2.6 

24.0 

I t can be seen from Table 31 t h a t horse dung was most a t t r a c t i v e t o 

C . s i m i l i s and C.equina and cow dung l e a s t a t t r a c t i v e , w h i l e horse 

dung was l e a s t a t t r a c t i v e t o C . h i r t i p e s and p i g dung most a t t r a c t i v e 

The r e s u l t s shown i n Tables J>Q and 31 are f o r a d u l t s o n l y , 

b u t as the a d u l t s feed and o v i p o s i t i n dung i t i s suggested t h a t the 

d i f f e r e n t p r e f e r e n c e s e x h i b i t e d by a d u l t s f o r c e r t a i n t y p e s o f dung 

w i l l a l s o r e f l e c t o v i p o s i t i o n a l p r e f e r e n c e s . 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 f l a b o r a t o r y f o o d choice experiment w i t h c u l t u r e s o f 

C- . s i m i l i s and C.equina a d u l t s and by o b s e r v a t i o n s on t h e number o f 

a d u l t s t h a t emerged from samples o f d i f f e r e n t t y p e s o f dung t h a t 

had been exposed t o these c u l t u r e s . Table 32 shows the percentage 

o f a d u l t s t h a t were observed f e e d i n g on cow, sheep, p i g , and horse 

dung. Also shown are t h e percentages o f a d u l t s t h a t emerged from 

the d i f f e r e n t k i n d s o f dung ( o r i g i n a l d a t a p r e s e n t e d i n Tables 3 and 
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TABLE 32. R e l a t i v e d i s t r i b u t i o n o f a d u l t s o f C . s i m i l i s and 

C.equina (% o f t o t a l f o r each s p e c i e s ) f e e d i n g on 

and emerging from d i f f e r e n t k i n d s o f dung i n the 

l a b o r a t o r y 

D u n g 

Horse P i g Sheep Cow 

C . s i m i l i s 

% Feeding if?.3 31.8 14.3 6.6 

% Emergences 4-6.5 39.1 14.4 0 

C,equina 

% Feeding 40.8 4l.5 12.0 5.7 

% Emergences 4-3.5 4-1.2 15.4 0 

Thus, the t y p e s o f dung t h a t were most a t t r a c t i v e as foo d t o C . s i m i l i s 

and C.equina, i . e . horse and p i g dung, a l s o had the g r e a t e s t numbers 

o f a d u l t s emerge from them, and i t may be concluded t h a t f e e d i n g and 

egg l a y i n g p r e f e r e n c e s are s i m i l a r i n these s p e c i e s . 

From Tables 30 and 31 i t can be c l e a r l y seen t h a t C . s i m i l i s 

a d u l t s are markedly more a t t r a c t e d t o horse dung than cow dung, 

w h i l e the o p p o s i t e a p p l i e s t o C . h i r t i p e s . Laurence (1955) caught 

2.1 C . h i r t i p e s a d u l t s on cow p a t s t o every 1 C . s i m i l i s a d u l t , w h i l e 

10.8 C . h i r t i p e s a d u l t s emerged from samples o f t h i s dung t o every 

1 C . s i m i l i s a d u l t . I n the p r e s e n t i n v e s t i g a t i o n s , f r o m May 1964 -

May I965, 1.2 C . h i r t i p e s a d u l t s were caught i n d e t e r g e n t t r a p s around 

horse dung t o every 1 C . s i m i l i s a d u l t , b u t o n l y 1 C . h i r t i p e s a d u l t 

emerged from t h e dung t o every 368.3 C . s i m i l i s a d u l t s . Thus, i t 
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appears t h a t p r e f e r e n c e s f o r egg l a y i n g and f e e d i n g are s i m i l a r l y 

d i r e c t e d , but t h e former i s more a c c e n t u a t e d . T h i s s h o u l d cause 

an even g r e a t e r s e p a r a t i o n between the l a r v a e o f the sp e c i e s than 

between the a d u l t s . Frorn Table ~j>0 i t can be seen t h a t a d u l t s o f 

C.nigra, C . n i t i d a , and S.subsultans show d i s t i n c t p r e f e r e n c e s f o r 

d i f f e r e n t t y p e s o f dung, and i t seems p r o b a b l e t h a t these w i l l a l s o 

r e f l e c t egg l a y i n g p r e f e r e n c e s . I f t h i s i s so, t h e r e w i l l a l s o t e n d 

t o be a s e p a r a t i o n o f the l a r v a e o f these s p e c i e s . 

The p r e s e n t i n v e s t i g a t i o n s on t h e d i u r n a l p e r i o d i c i t y o f 

l o c o m o t o r y a c t i v i t y of a d u l t s have c l e a r l y shown t h a t t h e r e are. 

d i f f e r e n c e s i n the times o f peak a c t i v i t y between the s p e c i e s . 

Thus, i n May, C.nigra appears t o be most a c t i v e between 18.00 -

21.00hrs, and C . s i m i l i s and C.equina between 21.00hrs and m i d n i g h t , 

w h i l e S.subsultans and C . h i r t i p e s were most a c t i v e between mid-day 

and 15.00hrs. These r e s u l t s v/ere o b t a i n e d by t h e use o f d e t e r g e n t 

t r a p s b a i t e d w i t h dung and w i l l , t h e r e f o r e , p r o b a b l y r e f l e c t f e e d i n g 

a c t i v i t y , and as a l l the sp e c i e s o v i p o s i t i n dung, p o s s i b l y egg l a y i n g 

a c t i v i t y as w e l l . Egg l a y i n g i s r e s t r i c t e d t o f r e s h dung, and i f 

the above premise i s c o r r e c t , the s p e c i e s c o m p o s i t i o n o f eggs l a i d 

i n d r o p p i n g s d e p o s i t e d a t d i f f e r e n t t i m e s o f the day w i l l tend t o 

d i f f e r . T h i s c o u l d produce a s e p a r a t i o n o f l a r v a e o f d i f f e r e n t 

s p e c i e s between d r o p p i n g s , even from the same a n i m a l . The s e p a r a t i o n 

o f a d u l t s due t o d i f f e r e n c e s i n the d i u r n a l rhythms o f a c t i v i t y 

between s p e c i e s may, c o n s e q u e n t l y , cause a s e p a r a t i o n o f l a r v a e o f 

the s p e c i e s . 
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The 6 s p e c i e s o f c o p r o p h i l o u s Sphaeroceridae have t o a 

c e r t a i n e x t e n t d i f f e r e n t annual c y c l e s i n t h e open f i e l d , i . e . 

C . s i m i l i s and C . n i t i d a are most abundant i n the w i n t e r , w h i l e 

C.equina, S.subsultans, C . n i g r a , and C . h i r t i p e s are m a i n l y s p r i n g 

s p e c i e s , but C . h i r t i p e s i s abundant a g a i n i n l a t e summer. They 

depend t o d i f f e r e n t e x t e n t s on dung from v a r i o u s animals and t h e i r 

d i u r n a l c y c l e s o f a c t i v i t y a l s o tend t o d i f f e r . These f a c t o r s 

w i l l cause a c e r t a i n degree o f s e p a r a t i o n between the spec i e s i n 

time and i n d i f f e r e n t k i n d s o f dung. I n t e r s p e c i f i c c o m p e t i t i o n , 

t h e r e f o r e , i s l i k e l y t o be reduced or ve r y s l i g h t . Although a 

number o f the sp e c i e s occur i n the same h a b i t a t a t the same t i m e , 

i . e . c o - e x i s t , none o f them occupy the same e c o l o g i c a l n i c h e , and 

hence they are n o t e c o l o g i c a l homologues. These s p e c i e s , t h e r e f o r e , 

obey the " c o - e x i s t e n c e p r i n c i p l e " . 

( 2 ) CHEMICAL ATTRACTANTS FOR COPROPHILOUS SPHAEROCERIDAE 

True chemical a t t r a c t a n t s , by d e f i n i t i o n , may e x i s t o n l y 

i n t he form o f odours, f o r t h e y alone can e l i c i t p o s i t i v e d i r e c t i v e 

l o c o m o t o r responses, w h i l e b o t h odours and t a s t e s may a c t as 

r e p e l l e n t s , f o r b o t h are capable o f p r o d u c i n g avoidance r e a c t i o n s . 

O l f a c t o r y r e c e p t o r s possess a low t h r e s h o l d which endows them w i t h 

a h i g h s e n s i t i v i t y and i n t e r r e s t r i a l i n s e c t s they are s t i m u l a t e d 

by a i r b o r n e molecules ( o d o u r s ) , e m i t t e d from some d i s t a n t source, 

w h i l e t h e g u s t a t o r y r e c e p t o r s have a c o m p a r a t i v e l y h i g h t h r e s h o l d 

and they can o n l y be stimulated by substances i n l i q u i d or s o l u t i o n 

form ( t a s t e s ) i n c l o s e c o n t a c t w i t h the i n s e c t ( w i t h i n the b u c c a l 
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c a v i t y or t o u c h i n g the l e g s , p a l p i , or a n t e n n a e ) . N o r m a l l y , i n 
the presence o f a t t r a c t i v e odours the i n s e c t becomes e x c i t e d and 
moves towards t h e i r source by ' k l i n o k i n e s i s 1 and i n the l a t t e r 
stage t h i s may be a s s i s t e d by ' k l i n o t a x e s ' or ' t r o p o t a x e s ' ( f o r 
d e f i n i t i o n o f terms see W i g g l e s w o r t h (1966, p.278). 

N a t u r a l l y o c c u r r i n g chemical i n s e c t a t t r a c t a n t s are 

e x t r e m e l y numerous and d i v e r s e i n c h a r a c t e r , b u t t h e y may c o n v e n i e n t ! 

be p l a c e d i n two major c a t e g o r i e s . The f i r s t i s comprised o f 

a t t r a c t a n t s t h a t are a c t u a l l y s e c r e t e d by t h e i n s e c t t o a t t r a c t a n t 

members o f t h e same s p e c i e s . I n c l u d e d i n t h i s c a t e g o r y are sex 

a t t r a c t a n t s or sex pheromones ( W i l s o n , 1963) which are substances 

produced by one sex t o a t t r a c t members o f the o p p o s i t e sex f o r the 

purpose o f m a t i n g . Females o f a number o f s p e c i e s , i n c l u d i n g 

P o t h e t r i a d i s p a r L. (Jacobsen and Berozoa, 1963) and P e r i p l a n e t a 

americana L. (Jacobsen, Berozoa and Yamamoto, 1963) produce a 

substance which i s i n c r e d i b l y a t t r a c t i v e t o the males o f the s p e c i e s , 

w h i l e males o f c e r t a i n Mecopteran f l i e s (Bornemissza, 1964) produce 

a substance which a t t r a c t s females o f the s p e c i e s . I n s e v e r a l 

s p e c i e s o f i n s e c t , as y e t found o n l y i n the o r d e r C o l e o p t e r a , 

f a m i l y S c o l y t i d a e , one sex produces a substance, i n c e r t a i n 

c i r c u m s t a n c e s , which causes b o t h sexes t o assemble f o r mooting. 

T h i s type o f a t t r a c t a n t i s termed an "assembling s c e n t " and a number 

o f bark b e e t l e s produce such substances, e.g. uhmated females o f 

Deudroctonus b r e v i c o n i s Le conte and D.pseudotsugue Hopkins, f e e d i n g 

on Douglas f i r , produce a substance which a t t r a c t s b o t h sexes i n 
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f l i g h t (McMullen & A t k i n s , 1962). A, number o f s p e c i e s o f 

s o c i a l i n s e c t s produce chemical a t t r a c t a n t s , e.g. workers o f 

t h e f i r e ant S olenopsis s a e v i s s i m a ( F r . Smith) produce a chemical 

a t t r a c t a n t , termed a " t r a i l substance", which a s s i s t s t h e i r 

f e l l o w workers i n l o c a t i n g f o o d . 

The p r o d u c t i o n o f t h i s type o f chemical a t t r a c t a n t 

by an i n s e c t i s a p h y s i o l o g i c a l a d a p t a t i o n , which enables 

i n d i v i d u a l s o f a s pecies or c o l o n y t o more r e a d i l y c a r r y out 

some v i t a l f u n c t i o n , w i t h a consequent s a v i n g o f time and energy. 

As r e g a r d s the second main c a t e g o r y o f a t t r a c t a n t s , 

D e t h i e r (19^7) emphasised how d i f f i c u l t i t i s " t o draw a hard 

and f a s t d i s t i n c t i o n between a t t r a c t a n t s which d i r e c t an i n s e c t 

t o o v i p o s i t i o n s i t e s and those which d i r e c t i t t o i t s f o o d " . 

The r e l a t i o n s h i p i s by no means c o n s t a n t and t h i s i s demonstrated 

by the s tudy o f D i p t e r a a s s o c i a t e d w i t h dung. Thus, t o Scopeuma 

s t e r c o r a r i a , cow and horse dung are o v i p o s i t i o n s i t e s , b u t the 

a d u l t s are i n s e c t i v o r o u s , w h i l e t o C . s i m i l i s b o t h k i n d s o f dung 

a c t as a flood source and an o v i p o s i t i o n s i t e . Laurence (1955) 

found t h a t S.subsultans a d u l t s are q u i t e f r e q u e n t l y a t t r a c t e d t o 

cow dung t o f e e d , but r a r e l y t o l a y eggs. Dung odours may a c t 

a s 'token s t i m u l i " t o c e r t a i n s p e c i e s , e.g. Mesembrina m e r i d i a n a 

i s a t t r a c t e d t o c a t t l e d r o p p i n g s t o o v i p o s i t , b u t the dung i t s e l f 

does n o t d i r e c t l y p r o v i d e food f o r the l a r v a e which are zoophagous, 

f e e d i n g m a i n l y on coprophagous d i p t e r o u s l a r v a e . 

D e t h i e r (19^7) c o n s i d e r s i t necessary t o d i v i d e 

c h e m i c a l a t t r a c t a n t s , p e r t a i n i n g t o f e e d i n g and egg l a y i n g , i n t o 
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o v i p o s i t i o n a l - t y p e a t t r a c t a n t s which o n l y a t t r a c t g r a v i d 
females and f o o d - t y p e a t t r a c t a n t s which d i r e c t the i n s e c t t o 
i t s f o o d . A p a r t i c u l a r medium may p r o v i d e a source o f foo d 
and o v i p o s i t i o n s i t e f o r an i n s e c t . T h e r e f o r e , i t seems q u i t e 
p o s s i b l e t h a t a c h a r a c t e r i s t i c odour e m i t t e d from the medium may 
a c t b o t h as a foo d and o v i p o s i t i o n - t y p e a t t r a c t a n t and t h i s d u a l i t y 
o f f u n c t i o n would negate such a d i v i s i o n . 

Many species o f i n s e c t s are l u r e d by odours t o t h e i r 

h o s t p l a n t s . These are t r u e a t t r a c t a n t s and are u s u a l l y f o o d -

t y p e i n n a t u r e , b u t t h e y may be o v i p o s i t i o n a l . T h o r s t e i n s o n (I96O) 

suggested " t h a t a p r i n c i p a l e f f e c t o f odours emanating from food 

p l a n t s i s t o i n h i b i t l o c o m o t o r y a c t i v i t y ( n e g a t i v e chemokinesis) 

when o l f a c t o r y t h r e s h o l d s have f a l l e n s u f f i c i e n t l y d u r i n g 

d i s p e r s a l movement" and t h a t these are n o t t r u e a t t r a c t a n t s . 

The term "aggregant" was suggested by T h o r s t e i n s o n (I96O), b u t 

Beck (1965) r e g a r d s the term " a r r e s t a n t " as more a p p r o p r i a t e . 

T h o r s t e i n s o n (1960) p o i n t e d out t h a t " t h e i n s e c t may respond by 

o l f a c t i o n , i f a t a l l , o n l y t o p l a n t odours o f a r a t h e r g e n e r a l 

b o t a n i c a l d i s t r i b u t i o n and f i n d i t s f o o d l e s s by a t t r a c t i o n t h e r e t o -

t han by avoidance o f o t h e r p l a n t s , t h e odours o f which are presumed 

t o be r e p e l l e n t " and Beck (1965) s t a t e d t h a t p l a n t c h a r a c t e r i s t i c s 

" t h a t t e n d t o p r e v e n t o v i p o s i t i o n may do so e i t h e r by f a i l i n g t o 

p r o v i d e t h e a p p r o p r i a t e r e l e a s i n g s t i m u l i f o r one or more o f t h e 

b e h a v i o u r a l components, or by p r o v i d i n g s t i m u l i t h a t i n h i b i t 

b e h a v i o u r a l r e l e a s e " . Thus, t h e r e l a t i o n s h i p between phytophagous 
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i n s e c t s and t h e i r h o s t s i s f a r more complex than between 

coprophagous i n s e c t s and dung. The l a t t e r have e v o l v e d the 

a b i l i t y t o r e c o g n i s e c e r t a i n c h a r a c t e r i s t i c dung odours and t o 

l o c a t e t h e i r s o u r c e , b u t i n t h e former s i t u a t i o n the h o s t p l a n t 

i s a l s o a dynamic e n t i t y and c e r t a i n p l a n t s have evolved defences 

a g a i n s t i n s e c t a t t a c k , o f t e n i n the form o f chemical r e p e l l e n t s . 

Many sapfcophagous i n s e c t s are a t t r a c t e d t o t h e i r food 

and o v i p o s i t i o n s i t e s by odours which are u s u a l l y p r o d u c t s o f 

f a t and p r o t e i n d e c o m p o s i t i o n . Examples o f t h i s t y p e o f 

chemical a t t r a . c t a n t have been c i t e d i n S e c t i o n X. 

Numerous species o f i n s e c t s have evolved an e x t r e m e l y 

s e n s i t i v e o l f a c t o r y system which i s capable o f r e c o g n i s i n g 

a t t r a c t i v e odours, amongst t h e m u l t i t u d e o f a i r b o r n e molecules 

t h a t the t e r r e s t r i a l i n s e c t i s n o r m a l l y s u b j e c t e d t o . Once the 

o l f a c t o r y r e c e p t o r s are s t i m u l a t e d , a b e h a v i o u r a l response i s 

t r i g g e r e d o f f which r e s u l t s i n the movement o f the i n s e c t towards 

th e apparent s o u r c e . The possession o f such a concise system o f 

i d e n t i f i c a t i o n and l o c a t i o n must have g r e a t l y c o n t r i b u t e d t o the 

success o f many spe c i e s of i n s e c t , and i t i s hoped t h a t t h i s 

g e n e r a l account g i v e s some i d e a o f the u n i v e r s a l i t y and d i v e r s e 

n a t u r e o f ch e m i c a l a t t r a c t a n t s , t h e i r mode o f a c t i o n , and the 

r o l e which they p l a y i n n a t u r e . 

The nature, o f the chemicals p r e s e n t i n dung t h a t a t t r a c t 

a d u l t s o f c e r t a i n c o p r o p h i l o u s Sphaeroceridae are dis c u s s e d i n 

r e l a t i o n t o t h e o r e t i c a l c o n s i d e r a t i o n s and w i t h s p e c i a l r e f e r e n c e 
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t o the i n f o r m a t i o n o b t a i n e d from the p r e s e n t work on chemical 
a t t r a c t a n t s . 

V a r i a t i o n s i n t h e odorous c o n s t i t u e n t s o f dung from 

d i f f e r e n t a nimals endows each w i t h a f a i r l y c h a r a c t e r i s t i c odour 

and l a b o r a t o r y and f i e l d i n v e s t i g a t i o n s have shown t h a t t h e a d u l t s 

o f c e r t a i n Sphaeroceridae are p r e f e r e n t i a l l y a t t r a c t e d t o d i f f e r e n t 

t y p e s o f dung. The odours e m i t t e d from dung are c o n t i n u a l l y 

changing b o t h q u a n t i t a t i v e l y and q u a l i t a t i v e l y , from the moment o f 

d e p o s i t i o n u n t i l the dung f i n a l l y becomes o d o u r l e s s , due t o 

m o l e c u l a r d i s s i p a t i o n o f the o r i g i n a l v o l a t i l e elements and t o 

the f u r t h e r p r o d u c t i o n o f odours by b a c t e r i a l and f u n g a l 

d ecomposition o f the dung as i t l i e s i n the f i e l d . The r a t e a t 

which these processes occur, f o r a p a r t i c u l a r type o f dung, w i l l 

be governed by the p r e v a i l i n g c l i m a t i c c o n d i t i o n s and the l o c a t i o n 

o f the dung. Thus, the c h a r a c t e r i s t i c odour o f a p a r t i c u l a r t y p e 

o f dung w i l l be a f u n c t i o n o f i t s o r i g i n a l c o m p o s i t i o n and the 

l e n g t h o f time t h a t has elapsed s i n c e d e p o s i t i o n . 

The p r e s e n t i n v e s t i g a t i o n s have shown t h a t b o t h f e e d i n g 

and egg l a y i n g responses are o n l y s t i m u l a t e d by dung which i s 

below a c e r t a i n age. By p l a c i n g C . s i m i l i s eggs i n horse dung t h a t 

had ceased t o be a t t r a c t i v e , the developmental m o r t a l i t y was 

i n c r e a s e d from 2 - 3% t o as h i g h as 96%, w h i l e the w e i g h t o f the 

emergent a d u l t s was reduced by as much as a f a c t o r o f 10. This 

i n d i c a t e s t h a t the l o s s o f a t t r a c t i v e powers o f dung, due t o a 
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decrease i n the c o n c e n t r a t i o n o f a t t r a c t i v e odours t o below 

the t h r e s h o l d l e v e l , or p o s s i b l y t o the p r o d u c t i o n o f some 

r e p e l l e n t substance, c o i n c i d e s w i t h a marked r e d u c t i o n i n the 

n u t r i e n t q u a l i t y o f the dung f o r the l a r v a e . Thus, t h e dung 

odours not o n l y enable t h e a d u l t s t o d i s t i n g u i s h between 

d i f f e r e n t t y p e s o f dung, b u t ensure t h a t females s e a r c h i n g f o r 

an o v i p o s i t i o n s i t e are o n l y a t t r a c t e d t o dung t h a t i s f r e s h 

enough t o s u b s e q u e n t l y a l l o w normal l a r v a l development. 

Of t h e chemicals t e s t e d , o n l y normal and i s o - b u t y r i c 

a c i d s and normal and i s o - v a l e r i c a c i d s , i n t h e presence o f s k a t o l e 

and/or i n d o l e , proved t o be p o w e r f u l a t t r a c t a n t s t o the *f Copromyza 

spp. s t u d i e d . A d u l t s o f these species are o f t e n t o be found 

t o g e t h e r i n the same dung, e.g. i n horse and cow dung d u r i n g the 

s p r i n g , and, t h e r e f o r e , i t i s perhaps n o t unexpected t o f i n d 

t h a t they are p o w e r f u l l y a t t r a c t e d t o t h e same chemicals and 

t h a t the r e l a t i v e a t t r a c t i v e n e s s o f these chemicals t o the 

d i f f e r e n t s p e c i e s i s s i m i l a r (Table 3 3 ) . 
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TABLE 33. Percentages o f the t o t a l number o f a d u l t s o f each 
s p e c i e s caught i n d e t e r g e n t t r a p s w i t h d i f f e r e n t 
c h emical a t t r a c t a n t s ( o r i g i n a l d a t a p r e s e n t e d i n 
Table 2k) 

100ml o f 0.1% aqueous 
s o l . o f c h e m i c a l C.equina C . s i m i l i s C . h i r t i p e s C.nigra 
a t t r a c t a n t % % # % 

n - b u t y r i c a c i d 
+ s k a t o l e ^9.8 4-2.5 39.9 ^1.0 

i s o - b u t y r i c a c i d 

+ s k a t o l e 19.2 20.1 23.2 20.7 

n - v a l e r i c a c i d 
+ s k a t o l e 11.8 17.8 lk.0 17.6 
i s o - v a l e r i c a c i d 
+ s k a t o l e 19.2 19.6 22.9 20.7 

Another s i m i l a r i t y between the Copromyza spp. i s t h a t the 

chemicals shov/n i n Table 33 proved e q u a l l y a t t r a c t i v e t o males 

and females o f a l l s p e c i e s . As t h e r e i s no evidence t o suggest 

t h a t the sex r a t i o i n t h e f i e l d was a n y t h i n g b u t e q u a l i t y and as 

g r a v i d females o f C . s i m i l i s , C.equina, and C . h i r t i p e s were a l s o 

a t t r a c t e d , i t seems reasonable t o p o s t u l a t e t h a t the chemicals 

a c t as b o t h food and o v i p o s i t i o n type a t t r a c t a n t s . 

The mechanism by which s k a t o l e and i n d o l e " m o d i f y " or 

" a c t i v a t e " the odours o f these lower f a t t y a c i d s t o i n c r e a s e 

t h e i r a t t r a c t i v e n e s s , i f they do so a t a l l , cannot be determined 

from the p r e s e n t i n v e s t i g a t i o n s . 
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A l t h o u g h c e r t a i n chemicals proved h i g h l y a t t r a c t i v e 
t o the Copromyza spp., i t cannot be assumed t h a t they w i l l a t t r a c t 
a l l c o p r o p h i l o u s i n s e c t s , or t h a t c h e m i c a l s u n a t t r a c t i v e t o the 
Copromyza spp, w i l l n o t prove a t t r a c t i v e t o o t h e r s p e c i e s o f 
i n s e c t s . Thus, a l t h o u g h Scopeuma was a t t r a c t e d t o b u t y r i c and 
v a l e r i c a c i d isomers p l u s s k a t o l e , Dasyphora was o n l y a t t r a c t e d 
t o isomers o f t h e f o r m e r , w h i l e both species"; were found t o be 
a t t r a c t e d t o chemicals t h a t were u n a t t r a c t i v e t o the Copromyza 
spp., e.g. Scopeuma t o raethylamine and Dasyphora t o a c e t i c and 
p r o p i o n i c a c i d s . Even w i t h i n the Sphaeroceridae a s s o c i a t e d 
w i t h dung t h e r e are p r o b a b l y c o n s i d e r a b l e v a r i a t i o n s i n r e a c t i o n 
t o d i f f e r e n t c h e m i c a l s . For i n s t a n c e , S . n i t i d a was s t r o n g l y 
a t t r a c t e d t o methylamine, b u t n o t t o the chemicals which a t t r a c t 
the Copromyza spp. 

The i n v e s t i g a t i o n s on chemical a t t r a c t a n t s have c l e a r l y 

shown t h a t the f a t t y a c i d s mentioned i n c o m b i n a t i o n w i t h s k a t o l e 

are p o w e r f u l a t t r a c t a n t s , p a r t i c u l a r l y t o the Copromyza spp. t 

but i t cannot be concluded t h a t they alone p r o v i d e the a c t u a l 

a t t r a c t i v e dung odours. However, these f a t t y a c i d s do possess 

the necessary a t t r i b u t e s r e q u i r e d by an a t t r a c t a n t t h a t a t t r a c t s 

c o p r o p h i l o u s i n s e c t s which f e e d and o v i p o s i t i n f r e s h dung, 

p a r t i c u l a r l y f r o m cows, sheep, p i g s , and h o r s e s . For t h e l a r g e 

q u a n t i t i e s o f c e l l u l o s e p r e s e n t i n the d i e t o f these u n g u l a t e 

mammals are broken down by enzymes ( c e l l u l a s e s ) from s y m b i o t i c 

b a c t e r i a and p r o t o z o a p r e s e n t i n the rumen and r e t i c u l u m o f sheep 
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and cows, and the caecum o f p i g s and h o r s e s . The major p r o d u c t s 
o f the f e r m e n t a t i o n o f c e l l u l o s e are s h o r t - c h a i n f a t t y a c i d s , but 
due t o r e - a b s o r p t i o n o n l y s m a l l q u a n t i t i e s are a c t u a l l y e x c r e t e d 
i n t h e f a e c e s . These s m a l l q u a n t i t i e s would soon be l o s t t o the 
atmosphere a f t e r the dung was d e p o s i t e d , thus p r o v i d i n g an 
e x c e l l e n t o l f a c t o r y i n d i c a t i o n of the age o f the dung and hence 
i t s s u i t a b i l i t y f o r food and o v i p o s i t i o n . 

The a t t r a c t i v e n e s s o f isomers o f b u t y r i c and v a l e r i c 

a c i d , i n t h e presence o f s k a t o l e and/or i n d o l e , t o some c o p r o p h i l o u s 

Sphaeroceridae,was comparable -with t h a t o f s m a l l q u a n t i t i e s of 

horse dung. These chemicals may w e l l p r o v i d e the main a t t r a c t i v e 

s t i m u l u s t o c e r t a i n c o p r o p h i l o u s Sphaeroceridae. and i t i s c o n c e i v a b l e 

t h a t s u b t l e v a r i a t i o n s i n the q u a n t i t i e s p r e s e n t i n dung from 

d i f f e r e n t a n i m a l s may a l s o enable the s p e c i e s t o d i s t i n g u i s h 

between the d i f f e r e n t k i n d s o f dung. Hov/ever, i t i s a l s o p o s s i b l e 

t h a t a f a r w i d e r range o f odorous substances p r e s e n t i n d i f f e r e n t 

k i n d s of dung are c o l l e c t i v e l y r e s p o n s i b l e f o r the c h a r a c t e r i s t i c 

odours. 
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SUMMARY 

La b o r a t o r y i n v e s t i g a t i o n s o f Copromyza s i m i l i s and C.equina 

have shown t h a t the f e e d i n g b e h a v i o u r and food choice o f these 

species i s s i m i l a r , b u t C.equina i s s i g n i f i c a n t l y more a t t r a c t e d 

t o p i g dung than C . s i m i l i s . Both s p e c i e s p r e f e r t o o v i p o s i t i n 

the f o l l o w i n g k i n d s o f dung, i n o r d e r o f d e c r e a s i n g p r e f e r e n c e : 

horse, p i g , sheep, and cow dung. No s i g n i f i c a n t d i f f e r e n c e s 

were found between these s p e c i e s i n t h e i r p r e c o p u l a t i o n and p r e -

o v i p o s i t i o n p e r i o d s , egg i n c u b a t i o n p e r i o d , or d u r a t i o n o f 

development from egg t o a d u l t a t 5, 10, 15, and 20°C. C . s i m i l i s -

a d u l t s s u r v i v e d w i t h o u t f o o d , a t a temperature o f 0.5°C, f o r 

27.0 - 1.6 days ('- 3.D.).. 

When eggs o f C . s i m i l i s were p l a c e d i n horse and sheep dung, k e p t 

f o r 2 and 6 weeks a t 10 G, the r e s u l t i n g a d u l t s were sub-normal 

i n s i z e , w e i g h i n g as l i t t l e as 0.28mgm, compared w i t h normal 
r 

s i z e d a d u l t s , which had developed i n f r e s h dung ( w t . 1.64 - 2.01mgm)! 

Developmental m o r t a l i t i e s o f 5, 6, and 96% were r e c o r d e d i n t h e 

same horse dung, which was f r e s h , 2 weeks, and 6 weeks o l d 

r e s p e c t i v e l y , compared w i t h developmental m o r t a l i t i e s o f 16, 1 ^ , 

and 100% i n sheep dung o f the same ages. When 3-day olid l a r v a e 

were t r a n s f e r r e d t o f r e s h horse dung t h e r e s u l t i n g a d u l t s weighed 

2.70mgm.. 

I n the f i e l d ( H o u g h a l l f a r m , Durham), a d u l t s o f Sphaerocera 

s u b s u l t a n s , C.equina, C . s i m i l i s , C . n i g r a , and C . h i r t i p e s were 

h i g h l y aggregated around horse dung, compared w i t h areas 
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f r e e from dung o f farm mammals ( s p e c i e s l i s t e d i n o r d e r 
o f d e c r e a s i n g a g g r e g a t i o n ) . 

A d u l t s o f C.equina, C . s i m i l i s , and C . h i r t i p e s were 

d i f f e r e n t i a l l y a t t r a c t e d t o dung from d i f f e r e n t farm mammals, 

e.g. C.equina and C . s i m i l i s were most a t t r a c t e d t o horse dung, 

w h i l e C . h i r t i p e s was most a t t r a c t e d t o p i g dung. D u r i n g 

August 1965, the d i s t r i b u t i o n o f C.equina, C . s i m i l i s , 

3 . s u b s u l t a n s , and, t o a l e s s e r e x t e n t , C . h i r t i p e s , appears 

t o have been m a i n l y determined by the d i s t r i b u t i o n o f dung 

from farm mammals. These s p e c i e s were r a r e i n shaded areas, 

f r e e f r o m farm a n i m a l s , b u t C . s u i l l o r u m was caught o n l y i n 

shaded s i t u a t i o n s . 

As cow and horse dung aged, so t h e i r a t t r a c t i v e n e s s t o 

s p h a e r o c e r i d s decreased and the r a t e a t which t h i s o c c u r r e d 

was dependent upon p r e v a i l i n g weather c o n d i t i o n s , b e i n g 

a c c e l e r a t e d by d r y , warm c o n d i t i o n s . The a t t r a c t i v e n e s s 

o f horse dung, as an o v i p o s i t i o n s i t e f o r C . s i m i l i s , C.equina, 

and S.subsultans, a l s o decreased w i t h age. 

By u s i n g d e t e r g e n t t r a p s f o r 7-day p e r i o d s , a p p r o x i m a t e l y 

once m o n t h l y , f o r 2h months, around horse dung, and f o r 

\h months around cow dung and i n a manure heap, i t was found 

t h a t C . s i m i l i s , C . n i t i d a , and C.nigra a d u l t s were most abundant 

around horse dung, C.equina and S.subsultans i n a manure heap, 

and C . h i r t i p e s around cow dung. The same t r a p p i n g showed t h a t 

a d u l t s o f the d i f f e r e n t s p e c i e s have p e r i o d s o f g r e a t e s t 
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abundance as f o l l o w s : C . s i m i l i s and C . n i t i d a i n November -
December, C.equina and S.subsultans i n May - June, and 
C . h i r t i p e s and C.nigra i n A p r i l - June, but C . h i r t i p e s i s 
abundant a g a i n i n l a t e summer. 

7. Emergences from horse dung, exposed monthly, i n d i c a t e t h a t 

the d i f f e r e n t species have the f o l l o w i n g main b r e e d i n g p e r i o d s : 

C . s i m i l i s i n November - December and February, C.equina i n 

November and February - May, C . h i r t i p e s i n March - A p r i l , 

C . n i t i d a i n November - February, C.nigra i n March and 

December, and S.subsultans i n May and August, 

8. The r e l a t i v e abundance o f C . s i m i l i s a d u l t s , compared w i t h 

C.equina a d u l t s , i n c r e a s e d s i g n i f i c a n t l y from a l o w l a n d s i t e 

a t Wareham i n Dorset, t o a l o w l a n d s i t e i n Durham, t o a h i g h l a n d 

s i t e i n the Pennines i n Westmorland. 

9. A d u l t s o f the Copromyza spp. moved on t o dung w i t h i n ^>m±ns o f 

d e p o s i t i o n , d u r i n g the summer, w h i l e i n the w i n t e r a d u l t s o f 

C. s i m i l i s and C . n i t i d a were found t o be capable o f movement 

a t low temperatures (l.l°C). 

10. D i u r n a l rhythm s t u d i e s showed t h a t C . s i m i l i s and C.equina 

were a c t i v e over 24hrs, b u t peak a c t i v i t y was between 21.00hrs 

and m i d n i g h t , w h i l e C.nigra was most a c t i v e between l 8 . 0 0 h r s 

and 21.00hrs. C . h i r t i p e s and S.subsultans were v i r t u a l l y 

i n a c t i v e a t n i g h t and peak a c t i v i t y was between mid-day and 

15.00hrs. Rain appeared t o i n h i b i t the l o c o m o t o r y a c t i v i t y 

o f 3 . s u b s u l t a n s and C . h i r t i p e s , b u t n o t the o t h e r s p e c i e s . 
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I t was shown t h a t aqueous s o l u t i o n s o f isomers o f b u t y r i c 
and v a l e r i c a c i d s , i n combination w i t h s k a t o l e and/or i n d o l e , 
are e x t r e m e l y a t t r a c t i v e t o c e r t a i n Copromyza spp. V a r i o u s 
c o n c e n t r a t i o n s o f n - b u t y r i c a c i d p l u s s k a t o l e were found t o 
be a t t r a c t i v e t o these s p e c i e s , and i t was a l s o shown t h a t 
n - b u t y r i c a c i d p l u s s k a t o l e i s s i g n i f i c a n t l y more a t t r a c t i v e 
than n - b u t y r i c a c i d p l u s i n d o l e or p l u s i n d o l e and skatoXe. 
I t i s suggested t h a t b u t y r i c and v a l e r i c a c i d s are i m p o r t a n t 
a t t r a c t a n t c o n s t i t u e n t s o f dung t o these Sphaeroceridae. 
Of the chemicals t e s t e d , methylamine was the most a t t r a c t i v e 
t o S . n i t i d a , and i n c o m b i n a t i o n w i t h s k a t o l e , i t was most 
a t t r a c t i v e t o Scopeuma s t e r c o r a r i a . Dasyphora c y a n e l l a , 
l i k e the Copromyza spp., was most a t t r a c t e d t o n - b u t y r i c 
a c i d i n c o m b i n a t i o n w i t h s k a t o l e . 
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APPENDIX 1. Met. r e c o r d s from H o u g h a l l o b s e r v a t o r y 

1964 
Pel..Humidity 
% a t 09.00hrs 

Max. temp. 
°C 

Min.temp. 
°C 

R a i n f a l l 
i n s . 

ounshine 
h r s 

29 June 54 19.4 8.3 0 13.-6 
30 » 76 20.6 11.7 0 3.7 
1 J u l y 61 19.4 8.9 0 12.3 
2 " 67 19.4 11.1 0 6.3 
3 " 53 15.6 8.9 0.01 8.8 
4 " 65 16.1 6.1 0 4.3 
5 " 77 18.3 5.0 0 9.3 
6 11 75 20.0 l . l 0.01 0 

7 " 72 20.0 3.3 0.05 6.5 
8 " 81 20.0 l l . l 0 8.7 
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APPENDIX 2. Met. records from Houghall observatory 

1964 
T.'el .Humidity 

% at 09.00hrs 
Max.temp. 

°C 
Min.temp. 

°C 
R a i n f a l l 

i n s . 
iamshin 

hrs 

29 May 78 21.1 7.8 0 10.3 
30 " 6k 20.6 5.0 0.01 5.1 
31 " 69 13.3 10.6 0.3k 0 
1 June 61 9.k 7.8 0.23 0 
2 " 88 15.0 5.6 0.30 0 
3 " 92 Ik A 6.1 0 0.9 
4 " 82 17.8 7.2 0.24 0. 
5 " 78 18.3 12.8 0 1.9 
7 Aug 79 19.4 7.8 0 3.7 
8 Aug 87 18.3 7.2 0.35 
9 " 8k 18.9 5.6 0.03 2.2 

10 " 76 16.1 7.2 0 6.9 
11 " 82 13.9 11.7 0 0.4 
12 " 93 15.6 11.1 0.04 0 

1965 

8 Apr 92 8.9 k.k 0.1 0.3 
9 " 70 11.7 0.6 0.27 0.1 

10 11 81 12.8 6.1 0.03 5.3 
11 " 65 9.k 3.9 0..06 9.5 
12 " 65 13.9 2.2 0 7.0 
13 " 92 11.7 1.7 0 10.9 
14 " 80 13.3 0 0.35 0.6 
15 " 78 15.0 7.2 0 2.1 
16 " 65 12.2 k.k 0.05 7.5 
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APPENDIX 4. Temperature r e c o r d e d a t 5cms above ground l e v e l 

and r e l a t i v e h u m i d i t y r e c o r d e d j u s t above l e v e l 

o f v e g e t a t i o n , a t H o u g h a l l . lO.OOhrs 13 Sept — 

l&.OOhrs 17 Sept 1965 ( s u n s e t l8,35hrs r. s u n r i s e 05.30hrs) 

S = sunny, C = c l o u d y , W = l i g h t wind 

s G.M.T. Temp.°C R e l a t i v e h u m i d i t y 
% 

10..00 I . 3 . I 77 s v; 
13.00 16.3 67 G 
16.00 15.0 68 c 
19.00 10..0 83 c 

Min.temp 
4.00 7.5 93 C 
7.00 10.5 85 C 

1.0..00 14.9 74 C 
13.00 15.5 74 C W 
16.00 14.1 80 C 
19.00 13.8 82 C 

Min.temp 
4.00 11.0 95 C 
7.00 12.0 90 C 

10.00 14.4 87 C w 
13.00 16.1 86 C w 
16.00 15.5 96 Rain 
19.00 15.2 100 Rain 

Min. t emp 
4.00 13.8 100 Rain 
7.00 13.9 100 Rain 

10.00 14.3 76 S W 
13.00 15.0 68 3 W 
16.00 14.2 70 S V/ 
19.00 10.5 85 S 

Min.temp 
4.00 9.0 95 C 
7.00 10.7 93 C 

10.00 14.2 82 C W 
13.00 14.0 90 Rain 
16.00 10.5 100 Rain 


