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INTRODUCTION . 

T h i s s t u d y was bas e d on C o u l s o n ' s work (1956,1959 
and 1962) on T i p u l a s u b n o d i c o m i s z e t t e r - s t e d t c a r r i e d out 
between 1953 and 1956 on t h e Moor House N a t i o n a l N a t u r e 
R e s e r v e . 

I t was proposed t o i n v e s t i g a t e t h e r e l a t i o n s h i p 
between t h e number o f eggs produced by f e m a l e s on an a r e a 
and t h e d e n s i t y o f l a r v a e o r a d u l t s on t h a t a r e a . The 
f e m a l e s o f T. s u b n o d i c o r n i s a r e s u b a p t e r o u s and do n o t move 
f a r from t h e i r p l a c e o f emergence and t h e f l i g h t o f t h e 
male s i s not s t r o n g ( c o u l s o n 1956) so t h a t t h e d e n s i t y o f 
a d u l t s on a s i t e r e l a t e s t o t h e l a r v a l d e n s i t y . 

I t was a l s o hoped t o compare t h e f e c u n d i t y o f 
f e m a l e s on s i t e s w i t h d i f f e r e n t v e g e t a t i o n . Coulson (1962) 
showed t h a t l a r v a l d e n s i t y v a r i e d c o n s i d e r a b l y from one 
t y p e o f v e g e t a t i o n to a n o t h e r . U n f o r t u n a t e l y the time 
consumed i n c a t c h i n g the a d u l t i n s e c t s was su c h t h a t o n l y 
a few s i t e s c o u l d be us e d . 

I t h a s been shown i n a,number o f i n s e c t s t h a t 
f a c t o r s such a s t e m p e r a t u r e , n u t r i t i o n , i m p r e g n a t i o n , t h e 
s e c r e t i o n o f hormones and t h e on s e t o f d i a p a u s e ( w i g g l e s -
w orth 1965) a f f e c t the number and f e r t i l i t y o f t h e eggs 
produced by t h e fem a l e . I n many s p e c i e s t h e eggs mature 
i n t h e imago so t h e s e e f f e c t s may o p e r a t e both on t h e 
mature and immature s t a g e s . I n T. s u b n o d i c o r n i s t h e eggs 
a r e f u l l y d e veloped when t h e a d u l t emerges and t h e m a j o r i t y 
a r e l a y e d w i t h i n 14 hours ( c o u l s o n 1 9 5 6 ) . The a d u l t s were 
n e v e r o b s e r v e d f e e d i n g . Emergence, c o p u l a t i o n and o v i p o s -
i t i o n appeared n o t t o be g r e a t l y a f f e c t e d by c o l d o r wet 
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weather and a l t h o u g h emergence was d e l a y e d on sunny days 
( C o u l s o n 1956) t h i s was compensated f o r by e v e n i n g a c t i v i t y . 
I t seems u n l i k e l y t h e r e f o r e t h a t egg number l a i d by a 
female o r t h e f e r t i l i t y of t h e eggs s h o u l d be a f f e c t e d a t 
the a d u l t stage., The number o f eggs p e r f e m a l e , w i t h which 
the p r e s e n t s t u d y was concerned, can o n l y have been a f f e c t ­
ed by f a c t o r s o p e r a t i n g on the immature s t a g e s . 

As the number o f eggs produced by each female was 
i n t h e hundreds a c o n s i d e r a b l e p a r t o f t h i s s t u d y was s p e n t 
i n t r y i n g to f i n d a c o r r e l a t i o n between egg numbers and 
some e a s i l y - m e a s u r e d p a r a m e t e r . Such a c o r r e l a t i o n once 
e s t a b l i s h e d c o u l d be u s e d t o d e r i v e egg numbers f o r s m a l l 
s amples from a g r e a t number o f d i f f e r e n t a r e a s on which t h e 
l a r v a l d e n s i t y had been e s t a b l i s h e d . Not o n l y c o u l d s i t e s 
be r e - u s e d from y e a r to y e a r but w i t h a g r e a t e r number o f 
s i t e s i t would be e a s i e r to a s s e s s whether a genuine 
c o r r e l a t i o n had been e s t a b l i s h e d . b e t w e e n d e n s i t y and 
egg numbers. 
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THE STUDY AREA 

The Moor House N a t i o n a l Nature R e s e r v e (N.R. 80 : 
N a t . G r i d Ref. NT/758329) c o n s i s t s o f 4,000 h e c t a r e s l y i n g 
m a i n l y on the e a s t e r n d i p s l o p e s o f t h e Pennine•escarpment. 
The t h r e e f e l l s : r Knock P e l l 2,604 f t . , G r e a t Dun P e l l 
2,780 f t . and L i t t l e Dun P e l l 2,761 f t . which form p a r t o f 
t h e summit r i d g e l i e w i t h i n the R e s e r v e . 

The c l i m a t e i s s e v e r e and h a s been c l a s s i f i e d by 
Manley (1936,1943) a s s u b - a r c t i c . The r a i n f a l l ( a n n u a l 
a v e r a g e 70 ) and the t e m p e r a t u r e a r e s l i g h t l y h i g h e r , 
w h i l e t h e d u r a t i o n o f s u n l i g h t i s p o s s i b l y somewhat l o w e r 
a t Moor House t h a n i t i s i n the sou t h o f I c e l a n d a t s e a -
l e v e l . 

Much of the R e s e r v e i s cov e r e d by mixed-moor growing 
on p e a t . The p e a t i s f r e q u e n t l y c u t i n t o and eroded by 
s t r e a m s which d r a i n , on the e a s t s i d e o f the R e s e r v e , i n t o 
t h e R i v e r Tees and i t s t r i b u t a r i e s Moss Burn and T r o u t 
Beck. Moor House i t s e l f s t a n d s on a l i m e s t o n e o u t c r o p a t a 
h e i g h t o f 1,840 f t . 

THE S I T E S 

The c h o i c e o f s i t e s was governed p a r t l y by t h e i r 
n e a r n e s s t o t h e house and p a r t l y by t h e a f f i n i t y o f T. 
s u b n o d i c o r n i s f o r a r e a s where Juncus s q u a r r o s u s i s dominant 
( C o u l s o n 1 9 5 6 ) . p r e l i m i n a r y l a r v a l s a m p l i n g c a r r i e d out 
from J a n u a r y ico e a r l y May l e d ito the s e l e c t i o n o f f i v e 
s i t e s which a r e shown on t h e map ( f i g . l ) . 
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S i t e 1 a t N e t h e r h e a r t h measured 15 m. x 15 m. and 
l a y on a f l a t a r e a where J u n c u s s q u a r r o s u s and p e s t u c a 
o v i n a form a h i g h p r o p o r t i o n o f c o v e r . Nardus s t r i c t a 
i s common. 

S i t e 2 above N e t h e r h e a t h measured 10 m. x 22.5 m. 
I t s l o n g a x i s s l o p e d down westwards t o S i t e 1. from which 
i t was s e p a r a t e d by a p e a t hag Ttfith a damp a r e a a t i t s b a s e . 
The v e g e t a t i o n above N e t h e r h e a r t h i s dominated by Eriophorum 
vaginatum and J u n c u s s q u a r r o s u s . 

S i t e 3 measured 15 m. x 15 m. and l a y on t h e n o r t h 
f a c i n g s l o p e i n t h e p a s t u r e behind t h e house. J u n c u s 
s q u a r r o s u s and P e s t u c a o v i n a a r e both w i d e s p r e a d . Nardus 
s t r i c t a i s a l s o p r e s e n t . 

S i t e 4 measured 45 m. x 5 m. and l a y on an o l d 
m i n e - t r a c k . The v e g e t a t i o n h a s been d e s c r i b e d by Welch 
(1964) and i s dominated by J u n c u s s q u a r r o s u s ; p e s c h a m p s i a 
f l e x u o s a , Carex n i g r a , p o l y t r i c h u m commune a s w e l l a s 
p e s t u c a o v i n a a r e c o n s t a n t s . Sriophorum a n g u s t i f o l i u m i s 
a l s o common. The t r a c k i s f l a n k e d on e i t h e r s i d e by a r e a s 
o f mixed-moor ( p e a r s a l l 1 9 5 0 ) • 

S i t e 5 measured 15 m. x 15 m. and l a y on a west 
f a c i n g s l o p e of mixed-moor c l o s e t o S i t e 4. An a d j a c e n t 
a r e a h a s been d e s c r i b e d by Welch. C a l l u n a v u l g a r i s and 
Eriophorum vaginatum have h i g h c o v e r v a l u e . Sphagnum 
plumulosum, Eriophorum a n g u s t i f o l i u m and Junc u s s q u a r r o s u s 
a r e c o n s t a n t s . 

Two f u r t h e r s i t e s were used to s u p p l y e x t r a 
i n f o r m a t i o n . 

S i t e A measured 15 m. x 15 m. and l a y on a s o u t h -
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east f a c i n g slope. I t was s e t up as the other f i v e s i t e s 
with four s t i c k y t r a p s and ten p i t f a l l s . The vegetation of 
the s i t e has been described (Hadley 1966) and i s s i m i l a r 
to t h a t of s i t e 4 with the exception that the absence of 
Eriophorum spp. and the presence of Nardus' s t r i c t a and a 
number of other s p e c i e s i n d i c a t e a d r i e r h a b i t a t . 

S i t e E l a y to. the north of s i t e 5 ± n an area of 
s i m i l a r vegetation and c o n s i s t e d of two rows of twenty 
p i t f a l l s . 

Each s i t e was a r e c t a n g l e of 225 sq.m. i n area, 
a s t i c k y trap was placed at each of the four corners and 
two rows of p i t f a l l t r a p s , each trap separated from i t s 
neighbours by approximately two metres, were placed 
w i t h i n the area.There were 5 p i t f a l l s i n each row. 

The s t i c k y t r a p s were s i m i l a r to those 
d e s c r i b e d by Broadbent (1948) and c o n s i s t e d of metal 
c y l i n d e r s 30 cm. high and 13.7 cm. i n diameter, surrounded 
by polythene coated with " s t i k - t i t e " . Each c y l i n d e r was 
kept upright by a bamboo stake through i t s centre. 

The p i t f a l l s c o n s i s t e d of jam j a r s sunk 
with t h e i r rims at ground l e v e l and provided with about 
5 c c . of detergent s o l u t i o n . The detergent acted as a 
wetting agent which has been shown to i n c r e a s e t r a p 
e f f i c i e n c y . 



6 

P o p u l a t i o n E s t i m a t i o n 

The d e n s i t y o f T. s u b n o d i c o r n i s on e a c h s i t e was 
e s t i m a t e d by f o u r methods : l a r v a l s a m p l i n g , t r a p p i n g on 
s t i c k y t r a p s , t r a p p i n g i n p i t f a l l s and c a t c h i n g by hand on 
e a c h s i t e . 

The l a r v a l s a m p l i n g ivas c a r r i e d out between 
J a n u a r y and May when the l a r v a e were i n t h e i r f o u r t h i n s t a r . 
40 f o u r - i n c h A s o i l c o r e s were t a k e n from each s i t e . E a c h 
c o r e was h a n d - s o r t e d and t h e n checked by e x t r a c t i o n i n a 
B e r l e s e f u n n e l . 

The p i t f a l l s on e a c h s i t e were emptied once a 
day, i n t h e morning, from 23 May u n t i l 11 June. 

The s t i c k y t r a p s on each s i t e were i n s p e c t e d and 
any T. s u b n o d i c o r n i s p r e s e n t removed a t i n t e r v a l s d u r i n g 
e a c h day from 23 May u n t i l 11 June. 

Hand c a t c h i n g was c a r r i e d out on each s i t e w i t h 
the aim o f c l e a r i n g e ach a r e a e v e r y day. When numbers were 
low on a s i t e one v i s i t t o t h a t s i t e , i n the ;'aft'fe'rnoon, 
was thought s u f f i c i e n t but d u r i n g t h e peak o f emergence 
the s i t e was c l e a r e d a t l e a s t t w i c e d u r i n g t h e day. A l l 
f e m a l e s t h a t were v i s i b l e and a 6 many males a s c o u l d be 
caught were t a k e n and k i l l e d by p l a c i n g i n a j a r c o n t a i n ­
i n g cotton, wool impregnated w i t h e t h y l a c e t a t e . T h i s 
e n s u r e d r a p i d d e a t h w i t h l i t t l e l o s s o f eggs i n t h e 
f e m a l e . F e m a l e s were d i v i d e d i n t o c o p u l a t i n g and non-
c o p u l a t i n g . L a t e r t h e i n s e c t s were p r e s e r v e d i n 
a l c o h o l . 

The r e s u l t s from t h e four' s a m p l i n g methods can 
be s e e n i n T a b l e 1. I t w i l l be n o t i c e d t h a t nowhere do two 



Table 1. Showing the numbers of l a r v a e taken i n s o i l samples and the numbers o f 
a d u l t s caught 

No. of S t i c k y Nos. i caught 
S i t e s l a r v a e No. ^arvae ' P i t f a l l T o t a l trap by hand Tota! 

i n 40 cores /m 
<r> 

Nos. 
? 

nos. 
$ en o +• 

1 13 39 53 57 110 97 1276 590 1860 

2 7 22 34 82 116 128 1484 1004 2488 

3 5 15 28 37 65 114 741 566 1307 

4 7 22 51 51 102 232 1988 893 2881 

5 12 37 29 20 49 184 382 139 521 
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methods g i v e c o n s i s t e n t l y s i m i l a r r e s u l t s . T h i s i s 
d i s c u s s e d below. 

E v a l u a t i o n o f E s t i m a t i o n Methods 

1 L a r v a l s a m p l i n g 

The numbers o f l a r v a e / s a m p l e were found t o be so 
low t h a t t h e s t a n d a r d d e v i a t i o n f o r 40 samples was g r e a t e r 
t h a n the mean. F u r t h e r samples c o u l d n o t be t a k e n a f t e r 
t h i s was d i s c o v e r e d a s t h e i n s e c t s were b e g i n n i n g t o 
pupate ; so i t was d e c i d e d not t o use t h e s e r e s u l t s i n 
e s t i m a t i o n s o f d e n s i t y . 

2 S t i c k y T r a p and p i t f a l l E s t i m a t i o n s 

Both s t i c k y t r a p s and p i t f a l l s measure v a r i a t i o n s 
i n a c t i v i t y a s w e l l a s v a r i a t i o n s i n p o p u l a t i o n d e n s i t y 
( T a y l o r 1963» G-reenslade 1964) . T a y l o r h a s shown t h a t i n a 
number o f i n s e c t s f l i g h t a b i l i t y i s l i t t l e a f f e c t e d by 
v a r i a t i o n s i n t e m p e r a t u r e above a minimum t e m p e r a t u r e but 
t h a t t h a t t e m p e r a t u r e i s c r i t i c a l i n d e t e r m i n i n g whether 
t h e i n s e c t can f l y . prom f i g . 2 i t a p p e a r s t h a t on 5 and 
6 June the t e m p e r a t u r e was low enough, throughout most o f 
t h e day, t o s u p p r e s s f l y i n g i n T. s u b n o d i c o r n i s m a l e s . The 
c a t c h o f m a l e s i n the p i t f a l l s vras n o t s i g n i f i c a n t l y 
l o w e r e d during: t h i s p e r i o d , but t h i s might be due t o an 
i n c r e a s e i n the d e n s i t y o f the numbers p r e s e n t r a t h e r t h a n 
a d e c r e a s e i n a c t i v i t y . The r i s e i n t h e number o f f e m a l e s 
caught i n t h e p i t f a l l s a t t h e same time ( t a b l e 1 ) showed 
t h a t c r a w l i n g a c t i v i t y c o n t i n u e d when f l i g h t was n o t 
p o s s i b l e . 

C o u l s o n (1956) found t h a t on days o f prolonged 
s u n s h i n e f e m a l e emergence and male a c t i v i t y were d e l a y e d . 
I t was found d u r i n g t h i s s t u d y t h a t males c l u s t e r e d 
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under the overhang o f p e a t hags when s u b j e c t e d t o f u l l sun 
a t mid-day. As l o n g c o o l e v e n i n g s f o l l o w e d e v e r y day t h e s e 
p r o b a b l y compensated f o r any d e c r e a s e i n c a t c h due t o h i g h 
mid-day t e m p e r a t u r e s . 

T a y l o r (1963) c i t e d wind speed a s a n o t h e r f a c t o r 
i n f l u e n c i n g t h e c a t c h e s o f a p h i d s and o t h e r s m a l l i n s e c t s 

11 

but found t h a t i n s e c t s above -g- were l e s s a f f e c t e d . Coulson 
(1956) found t h a t a t moderate wind speeds T. s u b n o d i c o r n i s 
f l e w a g a i n s t the wind, AS the wind speed d i d not exceed 4(B««"-pi>'-L~) 
d u r i n g t h e s t u d y p e r i o d i t can p r o b a b l y be d i s c o u n t e d a s 
h a v i n g any e f f e c t on s t i c k y t r a p c a t c h numbers. 

D u r i n g t h i s s t u d y i t was found t h a t male f l i g h t 
was s u p p r e s s e d by heavy r a i n . T h i s i s r e f l e c t e d i n f i g . 2 
where t h e s t i c k y t r a p c a t c h f o r 3 June i s d e p r e s s e d . T h i s 

11 

was due t o .97 r a i n f a l l i n g on 2 June, the o n l y day on 
wh i c h i t r a i n e d c o n t i n u o u s l y . The p i t f a l l c a t c h shows a 
c o r r e s p o n d i n g male i n c r e a s e presumably due to an i n c r e a s e d 
d e n s i t y o f m a l e s on t he v e g e t a t i o n . 

G-reenslade (1964) showed t h a t c a r a b i d b e e t l e s 
were a f f e c t e d by t h e v e g e t a t i o n t y p e on which t h e y were 
caught, p i t f a l l t r a p s , i n a p o s i t i o n where t h e r e was no 
o b s t r u c t i o n to the h o r i z o n t a l movement o f the b e e t l e s , 
b e i n g much more s u c c e s s f u l t h a n t h o s e i n t h i c k v e g e t a t i o n . 
Females o f T. s u b n o d i c o r n i s c l i m b e d the n e a r e s t v e r t i c a l 
s u r f a c e soon a f t e r emergence. On J u n c u s s q u a r r o s u s sward 
t h i s i n v o l v e d some h o r i z o n t a l movement but on t h e mixed-
moor the f e m a l e s were a b l e t o c r a w l upwards i n t h e h e a t h e r 
w i t h o u t t r a v e l l i n g o ver t h e ground. T h i s made them l e s s 
• l i k e l y , a t t h i s s t a g e , t o f a l l i n t o p i t f a l l s . The males 
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f l e w a t the l e v e l o f the C a l l u n a s h o o t s , where t h e f e m a l e s 
were hanging, and were a l s o l e s s l i k e l y to f a l l i n t o p i t ­
f a l l s . The f e r t i l i s e d f e m a l e s were most a t r i s k when l o o k ­
i n g f o r o v i p o s i t i o n s i t e s but even t h e n t h e y would have 
t h e i r h o r i z o n t a l movement impeded. These f a c t o r s would 
e x p l a i n why the p r o p o r t i o n o f T. s u b n o d i c o m i s caught i n 
t h e p i t f a l l s t o t h a t caught on the s t i c k y t r a p s 49/184 i s 
much l o w e r on s i t e 5, on mixed-moor, t h a n a t any of t h e 
o t h e r s i t e s where the v e g e t a t i o n i s o f t h e same p h y s i c a l 
t y p e and o f f e r s l e s s r e s i s t a n c e t o h o r i z o n t a l movement. 

3 Hand C a t c h i n g 

Hand c a t c h i n g i s s u b j e c t t o numerous e r r o r s but 
the most o b v i o u s d i f f i c u l t y i n t h i s s t u d y was t h e comparison 
o f s i t e 5 w i t h the o t h e r s i t e s . The d i f f i c u l t y o f s e e i n g and 
c a t c h i n g t h e f l i e s on s i t e 5 was so g r e a t t h a t i t cannot be 
compared w i t h the o t h e r s i t e s . 

On s i t e s 1-4 t h e b e s t e s t i m a t e of c o m p a r a t i v e 
d e n s i t y i s p r o b a b l y a c h i e v e d by adding p i t f a l l and s t i c k y 
t r a p numbers. I t can be s e e n from f i g . 2 t h a t t h e d a i l y 
c a t c h e s by the two methods do to some e x t e n t r e c i p r o c a t e 
e a c h o t h e r . When p i t f a l l and s t i c k y t r a p c a t c h e s a r e added 
t h e s i t e s may be p l a c e d i n o r d e r o f d e c r e a s i n g d e n s i t y 
( t a b l e 2 ) . The o r d e r , b u t n o t t h e p r o p o r t i o n s o f .the- numbers, 
c o r r e s p o n d t o t h o s e found from h a n d - c a t c h i n g . 



T a b l e 2. Showing numbers caught on t r a p s compared 

w i t h numbers caught by hand 

S i t e P i t f a l l + S t i c k y Number caught 
tr a p numbers by hand 

4 334 2881 

2 244 2488 

1 207 1860 

3 179 1307 -

Emergence p e r i o d 

I n f i g u r e s 3 and 4 the s t i c k y trap and p i t f a l l c atches 

on 6 s i t e s are shown grouped i n t o three day p e r i o d s . I t i s 

i n t e r e s t i n g to note that although A p r i l and e a r l y May were v e r y 

c o l d t h i s y e ar the emergence peak, shown by the s t i c k y t r a p s , 

was o n l y delayed by a three day p e r i o d . I n 1954 the peak 

o c c u r r e d from 29 - 31 May and i n 1955 from 29 May - 3 June 

(Coulson 1959). The extended p e r i o d o f the peak, shown by 

s t i c k y t r a p f i g u r e s , on s i t e s 1 and 2 i s probably due to the 

drop i n temperature from 4 - 6 June. 
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C o r r e l a t i o n of egg numbers with an aspect of body s i z e 

There were two disadvantages i n counting the 
number of eggs f o r a sample of females from each s i t e . 
The number of eggs per female v a r i e d from 110 to 480 
with a mean of about 300• Counting egg numbers f o r 
r e p r e s e n t a t i v e samples from each s i t e would have 
involved very many hours work. The second disadvantage 
to egg counting was that only a small percentage of 
the a v a i l a b l e females could be used. 

During the f i r s t days of- t h i s study i t had 
been assumed that females of T. subnodicornis taken i n 
copulation would have a l l t h e i r eggs present. I t was 
soon found from d i s s e c t i o n that many of the females 
caught i n copulation were spent and r e t a i n e d no eggs. 
I t x-:as a l s o observed i n the f i e l d t h a t a female would 
copulate between periods of o v i p o s i t i o n . 

I t was decided to t r y to f i n d a r e l a t i o n s h i p 
between female s i z e and the numbers of eggs produced. 
For t h i s purpose only females known to contain t h e i r 
f u l l number of eggs were used. They were s e l e c t e d by 
t h e i r pale appearance from those caught i n copulation. 
As copulation takes about two hours the c u t i c l e has 
time to harden and darken during t h i s period. Pale 
i n s e c t s caught copulating would not have had time to 
l a y eggs. I t was a l s o p o s s i b l e to use non-copulating 
f l i e s that had been exposed to the a i r f o r l e s s than 
an hour. These were d i s t i n g u i s h e d by t h e i r cream 
colouration and crumpled wings. 
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p o s s i b l y -the best r e l a t i o n s h i p between body 
s i z e and egg numbers would be t h a t between dry weight 
and egg numbers. This r e l a t i o n s h i p was not used as i t 
could only have been applied to those females r e t a i n i n g 
t h e i r f u l l egg complement or to very l a r g e samples. 
Measurement of the abdomen or whole body length was 
a l s o r e j e c t e d . The length of the abdomen decreases 
during s c l e r o t i z a t i o n and on the l a y i n g of eggs. 

The wing and l e g segment lengths were chosen 
as measurements that were l i k e l y to r e f l e c t the s i z e of 
the body and to be l i t t l e a f f e c t e d by shrinkage due to 
hardening of the c u t i c l e or l o s s of eggs. As the number 
of eggs present i s proportional to the volume of the 
abdomen a number of c o r r e l a t i o n s using the cube root 
of the egg number as w e l l as those f o r egg number were 
t r i e d . 

The eggs from 55 newly emerged females from 
S i t e 2 above IJetherhearth and from 50 females from 
S i t e 4 a t Bog End were counted. The wing and t i b i a 
lengths were measured f o r each female on both s i t e s . 
The t a r s u s length was a l s o measured on the females 
from S i t e 2 but i t gave a poor c o r r e l a t i o n and t h i s 
measurement was abandoned. The c o r r e l a t i o n c o e f f i c i e n t s 
r e s u l t i n g from the comparison of egg numbers or the 
cube root of the egg number with the measurements of 
length are shown i n t a b l e 3 . 
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T a b l e 3. Showing the c o r r e l a t i o n c o e f f i c i e n t s between egg 

numbers and body s i z e 

S i t e 

55 ? measured 

50 ? measured 

Body measurement 

T i b i a 

Wing 

Tar s u s 

T i b i a + wing 

T i b i a 

Wing 

Wing + t i b i a 

egg 
r 

no.j / egg 

P ! r 
I 
I + .49 

+ .504 ^.001 | +.538 

no. 

P 

..001 

..001 

+.217 not s i g 

+ .554 ^-.001 

+ .287 .05 j 
+.633 ^.001 +.605 

+.65 £.001 ' 

^.001 

From these r e s u l t s i t was decided t h a t the r e l a t i o n s h i p s 

between wing length and egg numbers or the cube root of egg numbers 

were the most promising. The s l i g h t i n c r e a s e i n the c o r r e l a t i o n 

c o e f f i c i e n t when t i b i a and wing lengths were combined was not 

con s i d e r e d s u f f i c i e n t to warrant the e x t r a c a l c u l a t i o n . 

O r i g i n a l l y the cube root o f egg numbers had been chosen 

on the b a s i s t h a t volume was being compared w i t h length but when 

the two r e g r e s s i o n s , egg numbers on wing length, and the cube root 

of egg numbers on wing length, were compared ( f i g s . 5, 6) i t was 

not c l e a r which was the b e t t e r . N e i t h e r were the two corresponding 

(y = cube root o f egg numbers and y = egg numbers) 



F i g . 5 Showing the r e g r e s s i o n l i n e s f o r the cube 
root of egg number plot t e d against wing length 

For s i t e 2 y = 0.0437x + 2.35 
s i t e 3 y = 0.062x - 0.58 
s i t e 4 y = 0.0485s: + 1.57 

F i g . 6 Showing the r e g r e s s i o n l i n e s f o r the egg 
number p l o t t e d a g a i n s t the wing length 

For s i t e 2 y = 5.77x - 264 
s i t e 3 y - 7.78x - 462 
s i t e 4 y = 5.82x - 3l3 
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r e g r e s s i o n l i n e s f o r each s i t e i d e n t i c a l ( f i g s . 5 & 6) so i t 

was decided to count egg numbers from a f u r t h e r s i t e . 36 females 

from S i t e 3, behind the house, were d i s s e c t e d , t h e i r eggs counted 

and t h e i r wing lengths measured. T h i s provided a f u r t h e r p a i r 

o f c o r r e l a t i o n c o e f f i c i e n t s , shown w i t h those f o r wing length 

measurement on S i t e s 2 and 4 i n t a b l e 4. 

Table 4. Showing c o r r e l a t i o n c o e f f i c i e n t s between egg numbers 

and wing length 

Number i n Wing x egg Wing x cube root 
S i t e sample number of egg number 

r P r P 

2 55 + .504 ^.001 + .538 ^.001 

4 50 +.633 ^.001 + .605 ^.001 

3 36 + .64 ^.001 + .72 i-,001 

The r e g r e s s i o n l i n e s f o r t h i s s i t e were again 

( f i g s . 5 & 6) so each p a i r o f r e g r e s s i o n c o e f f i c i e n t s was compared 

(Mather 1949) to see whether the d i f f e r e n c e s were s i g n i f i c a n t . 

The t v a l u e s from student's t - t e s t are shown i n t a b l e 5. 

T a b l e 5. Showing comparison of r e g r e s s i o n c o e f f i c i e n t s 

S i t e s compared Egg number Cube root o f egg number 
t p t p 

2 and 4 .68 >.4 .304 7.8 

2 and 3 .26 7.7 .813 7 . 4 
3 and 4 .817 ?.4 1.46 7 . 1 
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As the r e g r e s s i o n c o e f f i c i e n t s for the thr e e l i n e s , whether u s i n g 

the cube root o f the egg numbers or the egg numbers on the y a x i s , 

were not s i g n i f i c a n t l y d i f f e r e n t , the data were pooled u s i n g F i s h e r ' s 

Z tr a n s f o r m a t i o n and two f u r t h e r c o r r e l a t i o n c o e f f i c i e n t s c a l c u l a t e d . 

These were as foll o w s : 

For combined s i t e s (141 i n sample) 
Wing length c o r r e l a t e d w i t h egg number 

r = +0.587 p ^.001 
Wing length c o r r e l a t e d w i t h cube root o f egg number 

r = +0.613 p <l. .001 

The r e g r e s s i o n s are shown i n f i g . 7 and f i g . 8. F o r f u r t h e r 

c a l c u l a t i o n s the r e l a t i o n s h i p between the cube root o f the egg 

number y = 0.092 x -2.59) was used as i t had a s l i g h t l y h igher 

c o r r e l a t i o n c o e f f i c i e n t . 

On each s i t e samples o f 50, or the number a v a i l a b l e i f 

below 50, females from each day's c a t c h were taken. The wing length 

f o r each female was measured and the mean wing length for each day on 

each s i t e was c a l c u l a t e d . Using these data the mean wing le n g t h on 

each s i t e during the e n t i r e emergence p e r i o d was c a l c u l a t e d ( t a b l e 6 ) . 

Table 6. Mean egg numbers d e r i v e d from the r e g r e s s i o n 
y = .092 x -2.59 

Mean egg number .u 

SE /female SE" 

Jo.45 312 ±3.2 
-0.33 315 ±5.3 
Jo.32 340 ±3.4 
±0.35 250 ±2.7 
±1.7 253 ±6.7 

^The standard e r r o r has been c a l c u l a t e d on the b a s i s o f 
the r e g r e s s i o n equation y = (11.05 x -808) 

Mean wing Number i n 
S i t e l ength sample 

1 101.88 505 
2 102.00 565 
3 103.8 453 
4 96.60 705 
5 96.76 131 
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Table 8. Showing the v a r i a t i o n i n mean wing le n g t h throughout emergence 

S i t e 1 S i t e 2 S i t e 3 S i t e 4 
Mean Mean Mean Mean 

Dates 
wing 
length SE N + 

wing 
length SE N + 

wing 
l e n g t h SE N + 

wing 
length SE N 

May 23-25 - - - - • - - 96.9 ±0.63 75 

26- 28 - - - - - - 97.1 ±0.58 154 

29- 31 102.1 ±0.69 98 106.8 ±0.98 46 103.5 ±0.61 108 97.4 ±0.42 150 

June 1- 3 103.2 ±0.64 92 102.9 ±0.58 115 102.7 ±0.57 135 97.3 ±0.58 150 

4- 6 102.8 ±0.62 149 102.0 ±0.62 142 104.7 ±0.57 150 97.5 ±0.63 119 

7- 9 101.5 ±0.63 146 101.8 ±0.65 149 104.7 ±0.87 60 95.8 ±1.13 50 

10- 12 97.5 ±1.75 15 99.5 ±0.73 115 _ - _ _ - _ 

= number i n the sample 



Table 9. Showing variation i n mean wing length throughout the 
emergence. The significance of the changes i n value 
from period to period i s compared using student's t-te 

Dates Mean wing length +N 

May 23 - 25 96.9 75 

2 5 - 2 8 97.1 154 

29 - 31 101.2 402 

June 1 - 3 101.2 491 

4 - 6 102.0 558 

7 - 9 101.4 405 

10 - 11 99.3 130 

0.235 not s i g 

4.23 ^.001 

0 not s i g 

2.8 *..01 

1.22 not s i g 

2.7 .̂.01 

+N = number i n sample 



T a b l e 7. Showing a comparison between means of egg numbers d e r i v e d by two 
d i f f e r e n t methods 

Sample i n which the egg numbers were 
Sample i n which the eggs were counted d e r i v e d from the r e g r e s s i o n 

S i t e 
Sample 
s i z e 

Mean wing 
length SE 

Mean egg 
number SE 

Sample 
s i z e 

Mean wing 
length SE 

Mean egg 
number SE 

2 55 102.5 'to.81 326 t9.3 565 102.0 to. 33 315 ±5.3 

3 36 102,4 to. 95 338 t l l . 4 453 103.8 to. 32 340 ±3.4 

4 50 96.3 to. 78 248 ±7.7 705 96.6 to. 35 250 ±2.7 
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The mean wing length on each s i t e was then used to c a l c u l a t e the 

mean egg numbers on each s i t e u s i n g the r e l a t i o n s h i p y = 0.092 x -2.59 

(where y i s the cube root o f the egg numbers). Table 7 shows a 

comparison between the means when the eggs were counted f o r each female 

and the means d e r i v e d from the r e g r e s s i o n equation, f o r the th r e e s i t e s 

where female egg numbers were counted. 

The v a r i a t i o n i n mean wing le n g t h from day to day 

The v a r i a t i o n i n mean wing length from day to day on each 

s i t e was grouped i n t o 3 day p e r i o d s to see whether the s i z e o f 

T.subnodicornis v a r i e d during d i f f e r e n t stages o f the emergence p e r i o d . 

These data are given i n t a b l e 8. I t can be seen from t a b l e 8 t h a t the 

wing le n g t h appears to decrease during the l a s t few days o f emergence. 

T h i s decrease i s s i g n i f i c a n t a t the 5% l e v e l o f p r o b a b i l i t y for s i t e s 1 

and 2 but not for s i t e s 3 and 4. 

When the r e s u l t s for a l l the s i t e s a r e pooled ( t a b l e 9) i t 

appears t h a t the wing length mean i s s m a l l e r at the beginning and end 

o f emergence than during the middle. The d e c l i n e i n s i z e a t the end 

o f emergence can be seen on i n d i v i d u a l s i t e s and i t would seem t h a t 

l a t e emergence i s c o r r e l a t e d w i t h s m a l l s i z e i n T . s u b n o d i c o r n i s . 

I t i s not c l e a r whether e a r l y emerging f l i e s tend to be s m a l l or 

whether the s m a l l s i z e i s r e l a t e d to the s i t e where the emergence 

happens to be e a r l y . 



17 

D i s c u s s i o n of the r e l a t i o n s h i p between egg number and 
adult density. 

prom the r e s u l t s of the present study and from 
the 1954 data i t would appear p o s s i b l e that some de n s i t y 
dependent f a c t o r was a c t i n g at the l a r v a l stage, operating 
on egg number so that on s i t e s where the l a r v a e were more 
numerous fewer eggs were produced. However t h i s r e s u l t may 
w e l l be f o r t u i t o u s . The c o r r e l a t i o n between adult d e n s i t y 
and the number of eggs produced depends on the v a l i d i t y of 
the d e n s i t y measurement. The two trapping methods used 
during the present study probably gave a poor i n d i c a t i o n 
of the density on s i t e 5» mixed moor, r e l a t i v e to the other 
s i t e s . On the ether s i t e s where the vegetation d i f f e r e n c e s 
were small the d i f f e r e n t dates and duration of the 
emergence period on each s i t e meant that the temperature 
changes a f f e c t e d the comparative trap r e s u l t s but t h i s may 
have been compensated f o r by the use of the two methods as 
the two catches tended to counteract each other. 

A f u r t h e r d i f f i c u l t y l i e s i n the f a c t that- any 
d e n s i t y dependent f a c t o r that i s l i m i t i n g egg numbers must 
be working on the l a r v a l stage. I f the adult density does 
not r e f l e c t the l a r v a l density the c o r r e l a t i o n i s not 
expected. Couleon (1956) found l i t t l e m o r t a l i t y i n the 
l a s t stages of the fourth i n s t a r and pupae i n 1954 but i n 
t h i s study 6 of the 13 l a r v a e taken from s i t e 1 at 
Netherhearth were p a r a s i t i s e d by a black fungus which 
invaded the t r a c h e a l system. The l a r v a e were e a s i l y 
i d e n t i f i e d by t h e i r blackened appearance. Coulson (1962) 
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found t h a t i n f e c t e d larvae died w i t h i n 7 days o f i n t r o d u c t i o n 

i n t o the l a b o r a t o r y and i t was found during t h i s study t h a t 

p a r a s i t i s e d larvae died e i t h e r before or during pupation. The 

percentage p a r a s i t i s a t i o n found on s i t e 1 ( t a b l e 10) i f spready 

throughout the s i t e would have the e f f e c t o f lowering the a d u l t 

d e n s i t y considerably. S i t e 4 i s also a f f e c t e d but not to such 

a great extent and i t i s impossible to p r e d i c t what the percentage 

would be i n a l a r g e r sample. 

Table 10. Showing percentage o f larvae p a r a s i t i s e d 

a t d i f f e r e n t s i t e s 

S i t e 1 S i t e 2 S i t e 3 S i t e 4 S i t e 5 

Number o f larvae 13 7 5 7 13 

Number p a r a s i t i s e d 6 0 ' 0 1 0 

% o f larvae p a r a s i t i s e d 46 0 0 14 0 

Despite doubts about the density e s t i m a t i o n the c o r r e l a t i o n 

between mean egg numbers and the numbers o f adu l t s caught on traps 

( f i g . 9) i s negative and i s s i g n i f i c a n t at the 5% l e v e l . Coulson's 

f i g u r e f o r 1954 confirms the negative t r e n d . 

Further data are r e q u i r e d and i t would seem t h a t the 

r e l a t i o n s h i p between egg numbers produced on a s i t e and the density 

o f larvae on the s i t e i s worth i n v e s t i g a t i o n . 
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DISCUSSION 

T i p u l a subnodicomis i s an i d e a l animal to study 
from the point of view of population r e g u l a t i o n . The female 
i s r e s t r i c t e d i n movement as an adult and presumably as a 
l a r v a . I t w i l l deposit i t s eggs within a few metres of i t s 
place of emergence (coulson 1956). The male has greate r 
power of movement as an adult but t h i s w i l l have no e f f e c t 
on the r e l a t i o n s h i p between the l a r v a l d e n s i t y i n one year 
and the number of eggs c a r r i e d by the females i n that year. 
I t would seem p o s s i b l e that, due to the l i m i t e d powers of 
d i s p e r s a l of the female, numbers on a s i t e could b u i l d up 
from year to year u n t i l they were checked by the food 
supply running out. 

Andrewartha and B i r c h (1954) envisaged a model 
i n which the abundance of a s p e c i e s i n a l o c a l i t y f l u c t ­
uates with the random f l u c t u a t i o n s of environmental 
f a c t o r s , such as weather, which are normally considered 
as non density-dependent. The numbers i n an area w i l l 
depend on the r a t e of population i n c r e a s e and on the 
length of time the r a t e of i n c r e a s e i n that p a r t of the 
population i s p o s i t i v e . When the r a t e of i n c r e a s e i s 
reduced to zero by some catastrophe the part of the 
population concerned w i l l become e x t i n c t . I f the c a t a s t ­
rophe has not been too f a r - r e a c h i n g the area w i l l be 
re c o l o n i s e d f:>:*om nearby h a b i t a t s which are f o r some 
reason b e t t e r buffered against that p a r t i c u l a r catastrophe. 

T h i s type of s i t u a t i o n was noticed by Coulson i n 
1955 at Moor House. The r a i n f a l l was so low during June, 
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J u l y and August that the peat d r i e d out and no l a r v a e on 
Juncus squarrosus areas survived beyond the second i n s t a r . 
The numbers of f i n a l i n s t a r l a r v a e found i n sphagnum areas 
were not a f f e c t e d (coulson 1956). His f i g u r e s are shown i n 
fa b l e l-l . 

Table !1 showing d e n s i t i e s per square metre of f i n a l 
i n s t a r l a r v a e from 1954-56 on three d i f f e r e n t 
types of vegetation (from Coulson 1956) 

Habitat 1954 1955 1956 

Juncus squarrosus 168 140 0 
Eriophorum 70 104 4 
Sphagnum Bog 17 36 14 

He found that by 1962 the number, of f i n a l i n s t a r 
l a r v a e at Ketherhearth on the Juncus a r e a was back to i t s 
pre-drought l e v e l of 140 per squaxe metre (Coulson 1962). 
presumably the Juncus areas which under normal conditions 
support higher d e n s i t i e s of l a r v a e had been r e c o l o n i s e d 
from the Sphagnum areas. The damper Sphagnum areas are 
u s u a l l y l e s s favourable but, during a drought, a c t as a 
r e s e r v o i r when the major part of the population i s 
destroyed. 

I f r e g u l a t i o n i n Nicholson's (1933, 1957) sense 
occurs i t might operate i n the periods betw.een catastrophes 
E i t h e r catastrophes occur at such frequent i n t e r v a l s that 
during favourable years the r a t e of i n c r e a s e never induces 
competition, or the r a t e of i n c r e a s e i s such that numbers 
cannot be kept below the l e v e l of competition by p e r i o d i c 
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e l i m i n a t i o n of pa r t s o f the po p u l a t i o n . I f the f i r s t a l t e r n a t i v e 

operates i t should be possible to r e l a t e f l u c t u a t i o n s i n density, 

on c e r t a i n h a b i t a t types, to f l u c t u a t i o n s i n weather or some other 

non density dependent v a r i a b l e . I n the case o f the second a l t e r -

n a t i v e the r e l a t i v e s t a b i l i t y o f the den s i t y a t a maximum value 

would be masked during most years by the e f f e c t due t o random 

environmental f l u c t u a t i o n . The m o r t a l i t y each year would have 

to be analysed i n t o i t s various components (Varley and Gradwell 

1960, 1966) before any density dependent f a c t o r s could be 

distinguished.. Having made these rese r v a t i o n s i t i s i n t e r e s t i n g 

t o see from Coulson's data ( t a b l e 12) t h a t the l a r v a l d e n s i t i e s 

on d i f f e r e n t types o f v e g e t a t i o n are very s i m i l a r i n 1953 and 

1954. 

Table 12. Showing the l a r v a l ( f o u r t h i n s t a r ) d e n s i t i e s on four types 
o f v e g e t a t i o n i n two years (from Coulson 1956, 1962) 

1953 1954 
Density/. No. o f No./ Density/ No. o f No./f 
m samples sample m̂  samples sample 

Netherheath 
(Juncus area) 

Eriophorum area 
V a l l e y Bog 

(Juncus area) 
V a l l e y Bog 

(Sphagnum area) 

I f Netherhearth alone i s considered there i s i n f o r m a t i o n f o r a 

f u r t h e r two years, 140 f o u r t h i n s t a r larvae per square metre i n 1962 

and 40 per square metre i n 1969. During 1953 and 1954 and again i n 

1962 the number o f a d u l t males seen f l y i n g appeared much greater 

than i n i n t e r v e n i n g periods 

168 60 1.37 140 30 1.13 
70 - - 104 40 0.84 

111 29 0.90 104 19 0.84 

17 17 0.14 36 36 0.29 



22 

and Coulson 1s impression (pers.comm.) and that of others 
l i v i n g at Moor House i s that s i n c e 1962 the d e n s i t i e s 
have remained low. 

The s i m i l a r d e n s i t i e s i n 1953 and 1954 together 
with the impression that these were the highest observed 
over a number of years, i n d i c a t e that at these l e v e l s 
there might be density dependent f a c t o r s working against 
the n a t u r a l r a t e of i n c r e a s e . Coulson (1962) found i n 
1954 that there was a 95$ m o r t a l i t y i n the egg and f i r s t 
i n s t a r stages. These two main phases of m o r t a l i t y reduced 
the density of T. subnodicornis at Wetherhearth from 
18000 eggs per square metre i n June 1954 to H I f i n a l 
i n s t a r l a r v a e per square metre i n May 1955. The m o r t a l i t y 
needs f u r t h e r a n a l y s i s before e i t h e r the c a u s a t i v e f a c t o r s 
or t h e i r e f f e c t s on the d e n s i t y can be i d e n t i f i e d . 

I f d e n s i t y dependent f a c t o r s do operate there 
are a number of ways i n which r e g u l a t i o n could be brought 
about. Competition for. food or space could occur at a l l 
stages of the l i f e - h i s t o r y . The accumulation of waste 
products i n c r e a s i n g i n concentration with i n c r e a s i n g 
d e n s i t y of l a r v a e could have t o x i c e f f e c t s . •. p a r a s i t i s m 
or disease would be passed more r a p i d l y from i n d i v i d u a l 
to i n d i v i d u a l at higher d e n s i t i e s , predation might w e l l 
be i n t e n s i f i e d i n areas where d e n s i t i e s were g r e a t e s t . 

Coulson (1962) found no evidence of p a r a s i t i s m 
at the egg stage but he found that 10$ of the eggs were 
damaged by predators, presumably a l a r g e r percentage i f 
those e n t i r e l y destroyed could have been included. About 
15$ of the eggs were i n f e r t i l e or f a i l e d to develop. The 
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d i f f e r e n c e i n the percentage hatching i n 1954 and 1955 
(78$ and 72$ r e s p e c t i v e l y ) was not s i g n i f i c a n t .but the 
percentage destroyed by predators, 4$ i n 1954 and 17$ 
i n 1955> was h i g h l y s i g n i f i c a n t (p u .01) Predation on 
eggs could w e l l have a d e n s i t y dependent e f f e c t . I t 
might w e l l be delayed ( v a r l e y and G-radwell,1966 ) with 
the numbers of the predator b u i l d i n g up during a year 
when there are l a r g e numbers of eggs and providing a 
high density.the following year. 

There was no evidence to suggest that the high 
m o r t a l i t y i n the f i r s t i n s t a r was due to anything other 
than severe weather conditions. The eggs and f i r s t 
i n s t a r l a r v a e are very s u s c e p t i b l e to drought and may be 
so to-, other non density dependent environmental f a c t o r s . 
However i t appeared during t h i s study t h a t the female 
l a i d s e v e r a l eggs i n one c a v i t y (judging from the number 
of times the abdomen was t h r u s t downwards) and when there 
were female d e n s i t i e s of 70 per square metre s e v e r a l 
females must have deposited eggs very c l o s e together. 
I t i s p o s s i b l e that e a r l y l a r v a e develop l e s s w e l l when 
aggregated e i t h e r because they compete f o r food or 
because t h e i r environment becomes contaminated. 

At l a t e r stages i n l a r v a l development the 
q u a l i t y or quantity of food, which c o n s i s t s l a r g e l y of 
the two l i v e r w o r t s piplophyllum a l b i c a n s and p t i l i d i u m 
c i l i a r e (Coulson 1956) might w e l l become l i m i t i n g . The 
accumulation of excretory products conditioning the 
a r e a surrounding the l a r v a might make temporary v a c a t i o n 
of a s i t e necessary. High l a r v a l d e n s i t i e s would lead to 
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the majority of l a r v a e not being able to escape contamin­
a t i o n . 

I t ±b p o s s i b l e that even under favourable weather 
conditions such as those i n 1953 and 1954 l a r v a e can only 
s u r v i v e i n a very s p e c i a l i s e d micro-habitat and t h a t these 
spaces are l i m i t e d . I f only the l a r v a e i n the centre of a 
Juncus plant, or some analogous s i t u a t i o n , can. s u r v i v e the 
winter then the number of fourth i n s t a r l a r v a e w i l l be 
l i m i t e d to the number of refuges and the a b i l i t y of the 
l a r v a e to f i n d them. 

P a r a s i t i s m or d i s e a s e of l a r v a e could form a 
d e n s i t y c o n t r o l l i n g mechanism. Coulson (1962) found very 
l i t t l e p a r a s i t i s m ; only 1 out of 200 l a r v a e was found to 
be p a r a s i t i s e d by an i n s e c t (Crocuta g e n i c u l a t a ) and only 
8 from 102 l a r v a e were found to be s u f f e r i n g from the 
black fungus. I'he high proportion of l a r v a e i n f e c t e d with 
the fungus found at s i t e 1 during t h i s study i n d i c a t e s 
t h a t i t can become an important m o r t a l i t y f a c t o r , i t 
might w e l l act i n a density dependent way with a g r e a t e r 
proportion of the I n s e c t s at higher d e n s i t i e s i n f e c t i n g 
each other. 

predation at the l a t e l a r v a l stages i s u n l i k e l y 
to be an important f a c t o r . T i p u l i d l a r v a e form a high 
percentage of the d i e t of b i r d s such as s t a r l i n g s 
(Dunneti I956) that v i s i t arable land, but these b i r d s 
are not present on moorland and the main vert e b r a t e 
predator, the meadow p i p i t (Anthus p r a t e n s i s ) i s absent 
from September to the end of March and has r a r e l y been 
seen to take the l a r v a e (coulson 1962). pupal m o r t a l i t y 
was not recorded except i n the case of p a r a s i t i s e d l a r v a e 
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brought back to the l a b o r a t o r y . 

The a d u l t s o f T. subnodicornis form 75% o f the food t h a t 

the meadow p i p i t feeds to i t s young. This i s however less than 1% 

o f the a v a i l a b l e p o p u l a t i o n o f 1, subnodicornis. Rana temporaria, 

spiders and a d i p t e r a n , Empis b o r e a l i s , have also been recorded as 

prey i n g on the a d u l t stage (Coulson 1962) but i t seems u n l i k e l y t h a t 

they reduce the po p u l a t i o n to any greater extent than does the 

meadow p i p i t . The main hazard would appear to be the weather and 

as T. subnodicornis was seen c o p u l a t i n g and o v i p o s i t i n g during the 

most severe weather encountered during t h i s study i t seems u n l i k e l y 

t h a t m o r t a l i t y i n the short a d u l t stage w i l l be very important. 

The p o s i t i v e c o r r e l a t i o n between wing l e n g t h and egg 

number e s t a b l i s h e d during t h i s study i n d i c a t e s a c o r r e l a t i o n between 

size and egg numbers, so any density dependent f a c t o r t h a t acts on 

growth w i l l act on egg number. As the eggs are matured i n the f i n a l 

i n s t a r larvae the f a c t o r s most l i k e l y to a f f e c t the egg numbers are 

those inducing l a r v a l competition. Food shortage which i s not severe 

enough to k i l l the larvae might r e s t r i c t growth and egg development. 

The concentration o f excr e t o r y products might also r e t a r d growth. 

P a r a s i t i s m o f f i n a l i n s t a r larvae i s not l i k e l y to a f f e c t egg numbers 

i n non p a r a s i t i s e d females as the eggs are w e l l developed before the 

p a r a s i t i s e d larvae d i e . 

Further studies need to be made on the m o r t a l i t y o f 

T_. subnodicornis so t h a t the most important f a c t o r s may be assessed. 

The greatest m o r t a l i t y i s at the egg and f i r s t i n s t a r stages and 

there i s at present no evidence to suggest t h a t t h i s i s caused by 
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anything but non-density dependent environmental f a c t o r s . However 

even i f the e a r l y m o r t a l i t y a c c o u n t s f o r 95% o f the p o p u l a t i o n , as i t 

d i d i n 1954, the 57o l e f t would s t i l l a l l o w a sevenfold increase from 

year to year, so the m o r t a l i t y i n the l a t e l a r v a l stages i s o f 

considerable importance. 

The r e l a t i v e s t a b i l i t y o f the density on one s i t e during 

three years i n d i c a t e d t h a t there might be a density dependent f a c t o r 

o p e r a t i n g . The l a r v a l food supply seemed l i k e l y to act as a 

r e g u l a t i n g f a c t o r w i t h the p o s s i b i l i t y of r e s t r i c t i o n i n growth and 

egg development when supplies became inadequate. This study shows 

t h a t egg numbers may decrease a t high d e n s i t i e s and t h a t f u r t h e r 

i n v e s t i g a t i o n o f the r e l a t i o n s h i p between l a r v a l d e nsity and the 

mean numbers o f eggs produced by females on a s i t e would be worth 

w h i l e . 

The c o r r e l a t i o n between wing length and egg numbers found 

during t h i s study needs t e s t i n g over a number o f s i t e s and i n other 

years. I f i t proves v a l i d i t w i l l be u s e f u l f o r assessing the egg 

numbers q u i c k l y on a large number o f s i t e s . I t was shown during 

t h i s study t h a t during the peak o f emergence on each s i t e wing l e n g t h 

d i d not d i f f e r s i g n i f i c a n t l y from one three day p e r i o d to the next. 

I n f u t u r e years i t should t h e r e f o r e be possible to c o l l e c t samples 

from s i t e s during the peak p e r i o d o f emergence, assessed from tr a p 

data, and estimate the mean number o f eggs produced by females on 

each s i t e . There w i l l be no need to c o l l e c t so thoroughly from each 

s i t e nor to s e l e c t t e n e r a l females. This w i l l a l l o w many more s i t e s 



to be used and the e f f e c t s o f d i f f e r e n t types o f veget a t i o n to 

assessed. I t should be possible to show a density dependent 

e f f e c t o c c u r r i n g a t d i f f e r e n t l e v e l s o f density on d i f f e r e n t 

v e g e t a t i o n types. 
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Summary 

1. The comparative; d e n s i t i e s o f T. subnodicornis on f i v e s i t e s 

were estimated by three methods ;•. : l a r v a l sampling, catching on 

s t i c k y traps and i n p i t f a l l s and catching by hand. 

2. The mean egg number produced by females on three s i t e s was 

c a l c u l a t e d from egg counts. 

3. A c o r r e l a t i o n between egg numbers and wing length was found. 

4. The r e l a t i o n s h i p between egg numbers and wing length was used 

to estimate the mean egg numbers produced on a l l f i v e s i t e s . 

5. A negative c o r r e l a t i o n s i g n i f i c a n t at the 5% l e v e l was found 

between egg numbers produced on a s i t e and the a d u l t density 

on a s i t e . 
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