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INTRODUCTION 

T,he w o r k p r e s e n t e d i n t h i s t h e s i s c o n t i n u e s s t u d i e s 

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

r e g u l a t i o n i n t h e b r e v i - p a l p e d c r a n e - f l y M o l o p h i 1 us 

a t e r Mei g e n . 

I t has been c a r r i e d o u t 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 n W e s t m o r l a n d w h e r e i t has been s u g g e s t e d 

t h a t e x t r e m e c l i m a t i c c o n d i t i o n s may p r e v e n t t h e p o p u 

l a t i o n s i z e i n c r e a s i n g t o a p o i n t w h e r e d e n s i t y d e p e n d e n t 

c o n t r o l s o p e r a t e ( C r a g g 1 9 6 1 ) . 

C r a g g ( 1 9 6 1 ) has s u m m a r i s e d t h e many i n v e s t i g a t i o n s 

i n t o m o o r l a n d f a u n a a t Moor House and C o u l s o n ( 1 9 5 6 , 1 9 5 9 , 

1 9 6 2 ) has c a t a l o g u e d t h e c r a n e f l y f a u n a o f t h e r e s e r v e and 

s t u d i e d t h e b i o l o g y o f some s p e c i e s t h e r e . 

Most o f t h e i n v e s t i g a t i o n s on t h e f a m i l y T i p u l i d a e have 

been c e n t r e d on t h e s u b - f a m i l y T i p u l i n a e o r l o n g - p a l p e d 

c r a n e f l i e s and p a r t i c u l a r l y t h o s e s p e c i e s w h i c h a r e o f 

e c o n o m i c i n t e r e s t due t o t h e damage t h e i r l a r v a e can c a u s e 

t o c e r t a i n c r o p s . B a r n e s ( 1 9 2 5 , 1 9 3 7 ) has i n v e s t i g a t e d 

t h e d i s t r i b u t i o n and b i o n o m i c s o f T i p u l a p a l u d o s a M e i g . , 

w h i l s t M i l n e e t a l ( 1 9 5 8 , 1 9 6 5 ) and L a u g h l i n ( 1 9 5 8 , 1 9 6 0 , 

1 9 6 7 ) have made an e x t e n s i v e s t u d y o f t h e b i o l o g y o f t h i s 

s p e c i e s and a l s o T i p u l a o l e r a c e a L . . Freeman ( 1 9 6 4 , 1 9 6 7 , 

1968) has s t u d i e d t h e e c o l o g y o f a w i d e r r a n g e o f t h e 

T i p u l i n a e s p e c i e s . H o r o b i n ( 1 9 7 1 ) has s t u d i e d t h e e m e r g e n c e 

b i o l o g y o f T i p u l a s u b n o d i c o r n i s Z e t t . , T . p a l u d o s a and 

T. pagana M e i g . , a t Moor H o u s e . 

The o t h e r two s u b - f a m i l i e s o f t h e T i p u l i d a e , t h e 

C y l i n d r o t o m i n a e and L i n o n i i n a e w h i c h c o m p r i s e t h e s h o r t -

p a l p e d c r a n e f l i e s have come i n f o r l e s s a t t e n t i o n . 

C u t h b e r t s o n ( 1 9 2 6 ) s t u d i e d s w a r m i n g i n v a r i o u s s p e c i e s , 

w h i l s t F r e e m a n ' s ( 1 9 6 8 ) p a p e r d e s c r i b e s t h e d i s t r i b u t i o n , 

e m e r g e n c e and e c o l o g y o f some L i m o n i d s i n a New F o r e s t R e s e r v e 
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C r i s p and L l o y d (1 9 5 4 ) i n a s t u d y o f a p a t c h o f w o o d l a n d 

mud r e c o r d e d a w i d e r a n g e o f s h o r t p a l p e d s p e c i e s , i n c l u d i n g 

s e v e n s p e c i e s o f t h e genus M o l o p h i 1 u s , some f e a t u r e s o f 

d e v e l o p m e n t and g e n e r a l b e h a v i o u r a r e r e c o r d e d . 

H a d l e y ( 1 9 6 6 ) , 1 9 6 9 , 1 9 7 1 ) s t u d i e d t h e b i o l o g y o f M . a t e r 

a t Moor House b e t w e e n 1963 and 1966 and has e l u c i d a t e d t h e 

l i f e c y c l e , e m e r g e n c e b i o l o g y , g r o w t h r a t e s and t h a t t h e 

m a j o r g e n e r a t i o n m o r t a l i t y o c c u r s i n t h e egg and f i r s t i n s t a r 

s t a g e s , he e s t i m a t e d t h i s as b e t w e e n 88% a n d 92%, 

H o r o b i n ( 1 9 7 1 ) c o n t i n u e d t h e p o p u l a t i o n s t u d i e s on M , a t e r 

f r o m 1966 t o 1970 and e x t e n d e d t h i s w i t h a s e r i e s o f s i t e s on 

G r e a t Dun F e l l on t h e we s t e r n s i d e o f t h e r e s e r v e . These 

v a r i e d i n a l t i t u d e f r o m 1400 f t , t o 2700 f t . ( 4 2 4 M . t o 8 1 8 M . ) 

and e n a b l e d h i m t o d e s c r i b e t h e e f f e c t s o f a l t i t u d e on t h e 

b i o l o g y o f M . a t e r and he r e l a t e d much o f t h i s t o v a r i a t i o n s 

i n t e m p e r a t u r e r e c o r d e d a t t h e s i t e s . These t e m p e r a t u r e 

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

t h r e s h o l d f o r p u p a t i o n as t h e f a c t o r c o n t r o l l i n g t h e d a t e 

and s y n c h r o n y o f t h e a d u l t e m e r g e n c e . 

U s i n g key f a c t o r a n a l y s i s he has shown egg and f i r s t 

I n s t a r m o r t a l i t y t o a c c o u n t f o r mos t o f t h e v a r i a t i o n i n 

g e n e r a t i o n m o r t a l i t y f r o m y e a r t o y e a r and t h i s i s t h o u g h t 

t o be due t o d e s i c c a t i o n . A n o t h e r c o m p o n e n t w i t h i n t h i s 

egg and f i r s t i n s t a r m o r t a l i t y , was t h o u g h t t o be due t o 

p r e d a t i o n , and t h i s , t o g e t h e r w i t h a r e d u c t i o n I n f e c u n d i t y , 

a c t e d i n a d e n s i t y d e p e n d e n t manne r i n c o n t r i b u t i n g t o t h e 

r e g u l a t i o n o f p o p u l a t i o n n u m b e r s . 

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

on H a d l e y ' s Moor House s i t e s , now m a k i n g d a t a a v a i l a b l e f o r 

8 c o n s e c u t i v e y e a r s . S a m p l i n g has c o n t i n u e d on H o r o b i n ' s Dun 

F e l l s i t e s m a k i n g p o p u l a t i o n d a t a a v a i l a b l e on t h e s e a r e a s 

f o r 5 c o n s e c u t i v e y e a r s . 

I n a d d i t i o n , r e s p i r a t i o n and c a l o r i m e t r i c m e a s u r e m e n t s 

h a v e e n a b l e d e s t i m a t e s o f t u r n o v e r and p r o d u c t i o n e f f i c i e n c y 

t o be made . V a r i o u s a s p e c t s o f t h e b i o l o g y have been s t u d i e d 

o r c h e c k e d and t h e v a r i a b i l i t y I n d i s t r i b u t i o n o f M . a t e r o v e r 

t h e B l a n k e t Bog and r e l a t i v e t o t h e m i c r o h a b i t a t s w i t h i n i t 

have been i n v e s t i g a t e d . 
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2. THE STUDY AREA AND SAMPLING SITES 
2.1 Location and general physiography 

The Moor House National Nature Reserve, Westmorland 
(N.R. 80 : Nat. Grid. Ref. N.Y. 758329) co n s i s t s of 10,000 
acres (4,000 hectares) of t y p i c a l northern Pennine moorland 
and i s s i t u a t e d twelve miles t o the east of P e n r i t h and 
eleven miles t o the south of A l s t o n . The greatest p a r t of 
the reserve comprises the eastern d i p slope descending from 
the summit r i d g e of three p r i n c i p a l f e l l s . Knock F e l l 
(2604 f t . , 794m), Great Dun F e l l (2780 f t . , 845m) and L i t t l e 
Dun F e l l (2761 f t . , 842m). Cross F e l l (2930 f t . , 833m), 
the highest peak i n the Pennines, l i e s j u s t outside the 
northern boundary of the reserve. 

The scarp slope descends t o the west i n t o the Vale of 
Eden near Appleby. The reserve boundary on t h i s side i s 
provided by the upper l i m i t of enclosed pasture which i s 
at about 1,400 f t . (427m). 

The d i p slope has an extensive cover of peat, up t o a 
depth of 12 f t . i n places, t h i s o v e r l i e s a covering of 
g l a c i a l d r i f t on a bedrock of the Carboniferous Yoredale 
s e r i e s . This peat supports the Blanket Bog t y p i c a l of the 
reserve but has been dissected by numerous streams f l o w i n g 
i n t o the River Tees which provides the eastern and northern 
boundary of the reserve. Where the bedrock has been exposed 
peaty or mineral s o i l s have been formed supporting a vege
t a t i o n dominated by rushes and grasses. Above about 2,500 
f t . (762m) on the d i p slope and on the western scarp slope 
most of the peat has been eroded t o produce t h i n f e l l top 
podsol s o i l s . These are dominated by Festuca spp. on the 
summits, and a v a r i e t y of peaty and mineral s o i l s on the 
western slopes are dominated by Festuca spp., Nardus s t r i c t a 
or Juncus squarrosus. (Note: The species nomenclature 
f o r p l a n t s mentioned i n t h i s t h e s i s i s from Clapham et^ a l 
(1962)). 
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General d e s c r i p t i o n s of the reserve have been given 
by Conway (1955) and Cragg (1961). The geology has been 
described by Johnson and Dunham (1963) and the vegetation 
by Eddy, Welch and Rawes (1969). 

2.2 The study s i t e s 
The Moor House and Dun F e l l s i t e s used i n t h i s study 

have been adequately described by Hadley (1966) and Horobin 
(1971) i n t h e i r theses. Their d e s c r i p t i o n s are summarised 
i n Appendix I , complete w i t h any necessary additions or 
notable changes. 

The only new s i t e s used i n the present study are a 
se r i e s of Blanket Bog s i t e s used t o assess v a r i a t i o n s i n 
M.ater populations on Blanket Bog, They were a l l s i t u a t e d 
w i t h i n a mile of the Moor House f i e l d s t a t i o n , on the dip 
slope p a r t of the reserve. They are described i n d i v i d u a l l y 
below:-
The Blanket Bog s i t e s 

1. The Bog End s i t e 
This i s the same s i t e t h a t has been used by Horobin and 

Hadley and i s f u l l y described i n the Appendix I . 
2. Xhe Troutbeck s i t e 

This l e v e l s i t e i s s i t u a t e d adjacent t o the Moor House 
t r a c k i n close p r o x i m i t y t o the Troutbeck bridge. I t i s 
notably d r i e r than the Bog End s i t e and has been a r t i f i c a l l y 
drained. Eriophorum vaginatum, E. angu s t i f o l i u m , Calluna 
v u l g a r i s and Sphagnum spp. a l l grow extensively here but i t 
i s n o t i c a b l e t h a t i t i s d i f f i c u l t t o d i v i d e the vegetation 
i n t o the E. vaginatum, Calluna, and Sphagnum microhabitats 
t h a t are conspicuous on most of the Blanket Bog. The Calluna 
growth i s young and the E.vaginaturn tussocks poorly developed, 

3. The Neatherhearth s i t e 

This s i t e i s s i t u a t e d above the Neatherhearth area which 
l i e s alongside the Moor House t r a c k close t o the a c t u a l f i e l d 
s t a t i o n . I t i s on the edge of the Blanket Bog and has a 
s l i g h t slope t o the west. 



- 5 -

The area i s dominated by E.vaginatum w i t h extensive 
E.angustifolium and C.vulgaris cover. Sphagum spp. and 
Trichophorum cespitosum are also present. The area i s 
very hummocky and areas of wet bare peat are common. 

4. The House H i l l s i t e 

A l e v e l s i t e s i t u a t e d on a peat hag between two eroding 
g u l l i e s on the h i l l d i r e c t l y behind the Moor House f i e l d 
s t a t i o n . There i s an extensive Calluna canopy mainly of 
middle aged stems, Eriophorum vaginaturn tussocks are common 
and w e l l developed. The s i t e i s d r i e r than the Bog End 
s i t e and Sphagnum spp. though present are not so extensive. 
P o l y t r i c h i u m commune and Empetrum nigrum are also common. 

5. The Valley Bog s i t e 

V a l l e y Bog i s s i t u a t e d alongside the t r a c k from Moor 
House t o Bog End and i s an area where the peat i s very t h i c k 
and over 20m deep i n places, A s i t e was set up at the 
eastern end of the bog. The area i s very wet and the Calluna 
canopy extensive w i t h many very o l d p l a n t s . E.vaginatum 
tussocks are large and i s o l a t e d . A Sphagnum carpet covers 
most of the ground surface, i n some cases i t occurs as 
hummocks, w h i l s t under the Calluna canopy the growth i s 
very loose. 

6. The Bog End Plantations" 
This i s a w e l l established p l a n t a t i o n of Lodgepole 

pine (Pinus c o n t o r t a ) , the trees are approximately 15 years 
o l d . P r i o r t o p l a n t i n g the area was drained, and the 
channels are s t i l l d i s t i n c t and e f f e c t i v e . The area has 
also been f e r t i l i s e d . At ground l e v e l Calluna v u l g a r i s and 
E. vaginatum are co-dominant. Sphagnum spp. are not common 
i n d i c a t i n g the d r i e r nature of the s i t e . An exceptional 
growth of Rubus chamaemorus in d i c a t e s the a r t i f i c a l l y pro
duced high f e r t i l i t y . 



r 6 -

3 . CLIMATE 

M e t e o r o l o g i c a l r e c o r d s have been k e p t a t Moor House 

s i n c e 1932 ( M a n l e y 1 9 3 6 , 1 9 4 2 , 1 9 4 3 ) ; t h e c l i m a t e i s 

t y p i c a l o f t h e Mon tane r e g i o n s o f B r i t a i n ( s e e P e a r s a l l 

1 9 5 0 ) . T h e r e i s a h i g h number o f r a i n days each y e a r and 

a mean a n n u a l r a i n f a l l i n e x c e s s o f 74 i n c h e s ( 1 , 9 0 0 mm). 

The a v e r a g e d a i l y s u n s h i n e i s l e s s t h a n 4 h o u r s p e r day 

and s t r o n g w i n d s a r e common t h r o u g h o u t t h e y e a r . On o v e r 

30% o f days t h r o u g h o u t t h e y e a r , g r o u n d and a i r f r o s t s a r e 

r e c o r d e d . The c l i m a t e a t Moor House i s s e v e r e and has 

been d e s c r i b e d by M a n l e y ( 1 9 3 6 ) as s u b - a r c t i c , h a v i n g many 

f e a t u r e s c o m p a r a b l e t o t h o s e a t sea l e v e l i n s o u t h e r n 

I c e l a n d . The mean m o n t h l y t e m p e r a t u r e s and mean m o n t h l y 

r a i n f a l l s o v e r t h e s t u d y p e r i o d a r e g i v e n i n T a b l e s 1 and 

2 a l o n g w i t h t h e mean m o n t h l y t e m p e r a t u r e s and r a i n f a l l s 

f o r t h e p e r i o d 1953 t o 1965 f o r t h e p u r p o s e o f c o m p a r i s o n . 

I n t h e 1 9 7 0 - 7 1 s e a s o n . May and June w e r e p a r t i c u l a r l y 

warm and d r y . May i n f a c t showed a m o n t h l y mean w a t e r 

d e f i c i t , an u n u s u a l f e a t u r e a t Moor H o u s e . The a u t u m n was 

w i n d y , w e t and r e l a t i v e l y m i l d and t h e w i n t e r e x c e p t i o n a l l y 

m i l d w i t h no m o n t h l y mean t e m p e r a t u r e b e l o w 0 ° C . 

The 1 971 - 7 2 s e a s o n a l s o e x p e r i e n c e d a d r y May b u t i t 

was n o t as warm as i n 1 9 7 0 , t h e June r a i n f a l l was n e a r 

n o r m a l b u t t e m p e r a t u r e s r e l a t i v e l y l o w . J u l y was e x c e p t 

i o n a l l y warm and d r y . The au tumn was m i l d and d r y and was 

f o l l o w e d by a n o t h e r v e r y m i l d w i n t e r . 

N o t a b l e a t t h e s t a r t o f t h e 1 9 7 2 - 7 3 s e a s o n was t h e 

e x t r e m e l y w e t and c o l d May and J u n e . 

The impor tance o f a k n o w l e d g e o f s o i l t e m p e r a t u r e s , 

r a t h e r t h a n a i r t e m p e r a t u r e s , t o s t u d i e s on t h e e c o l o g y o f 

s o i l a n i m a l s has been s t r e s s e d by M a c f a d y e n ( 1 9 5 6 ) and i t 

i s f o r t u n a t e f o r t h i s s t u d y t h a t H o r o b i n ( 1 9 7 1 ) has made an 

e x t e n s i v e s t u d y o f s o i l t e m p e r a t u r e on a l l t h e ma in s i t e s 

u s e d . He r e c o r d e d maximum and m in imum s o i l t e m p e r a t u r e s a t 

a d e p t h o f one c e n t i m e t r e w i t h a m e r c u r y i n s t e e l t h e r m o 

g r a p h and showed a r e d u c t i o n i n mean s o i l t e m p e r a t u r e o f 



a p p r o x i m a t e l y 0 . 1 ° C f o r e v e r y 100 f t . i n c r e a s e i n a l t i t u d e , 

t h o u g h e x c e p t i o n s w e r e f o u n d i n r e l a t i o n t o d i f f e r e n t 

a s p e c t s and s o i l t y p e s . U s i n g a m e t h o d o f c h e m i c a l 

t e m p e r a t u r e i n v e r s i o n o f s u c r o s e s o l u t i o n , w h i c h had a 

p r e c i s i o n o f - 0 . 1 ° C mean t e m p e r a t u r e e s t i m a t e s w e r e o b t a i n e d 

on a l l s i t e s b e t w e e n O c t o b e r 1967 and May 1 9 7 0 . On a b a s i s 

o f a v e r a g e a n n u a l s o i l t e m p e r a t u r e t h e P e a t y P o d s o l s i t e 

was t h e w a r m e s t a t 6 . 6 ° C and t h e o t h e r s i t e s f o l l o w e d i n 

t h e o r d e r P e a t y G l e y ( 6 . 4 ° C ) , 1 , 4 0 0 f t . ( 6 . 2 ° C ) , 1 , 7 0 0 f t . 

and B l a n k e t Bog ( 5 . 8 ° C ) , 1 , 9 0 0 f t . and 2 , 0 5 0 f t . ( 5 . 5 ° C ) , 

2 , 7 0 0 f t . ( 5 . 0 ° C . ) . 

I t was n o t e d h o w e v e r t h a t t e m p e r a t u r e d i f f e r e n c e s 

we re n o t c o n s i s t e n t , i n w i n t e r and s p r i n g t h e r e was a 

t e n d e n c y f o r t h e s e d i f f e r e n c e s t o be s m a l l e r and d u r i n g 

summer and au tumn d i v e r g e n c e o c c u r r e d . A l s o d e v i a t i o n s 

f r o m t h e o r d e r o f s i t e s r e l a t i v e t o a n n u a l a v e r a g e 

t e m p e r a t u r e s w e r e n o t e d i n s p r i n g as some s i t e s showed a 

t e n d e n c y t o warm up more q u i c k l y t h a n o t h e r s . 
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4 , CULTURE STUDIES 

4 . 1 The b i o l o g y o f M . a t e r has been e x t e n s i v e l y s t u d i e d by 

H a d l e y ( 1 9 6 9 . 1 9 7 1 ) and H o r o b i n ( 1 9 7 1 ) b o t h i n t h e f i e l d and 

by l a b o r a t o r y e x p e r i m e n t a t i o n . I n t h e p r e s e n t s t u d y i t was 

c o n s i d e r e d n e c e s s a r y t o c h e c k and e x t e n d some o f t h e s t u d i e s 

o f t h e p r e v i o u s a u t h o r s . 

M . a t e r l a r v a e o f a l l i n s t a r s may be c u l t u r e d i n t h e 

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

t h e f i e l d i n l a t e May and e a r l y June can be i n d u c e d t o emerge 

i n t h e l a b o r a t o r y as e a r l y as J a n u a r y when g i v e n t h e c o r r e c t 

c o n d i t i o n s . These e a r l y a d u l t s w i l l mate and p r o v i d e f e r t i l e 

eggs w h i c h can be c u l t u r e d t o p r o v i d e s t o c k s o f 1 s t and 2nd 

i n s t a r l a r v a e by F e b r u a r y and M a r c h . A l t h o u g h i t was n o t 

a t t e m p t e d i n t h i s s t u d y i t seems p o s s i b l e t h a t M . a t e r c o u l d 

c o m p l e t e 2 g e n e r a t i o n s i n a y e a r u n d e r c o n t r o l l e d l a b o r a t o r y 

c o n d i t i o n s . U s i n g t e m p e r a t u r e c o n t r o l o f t h e c u l t u r e s i t i s 

p o s s i b l e t o o b t a i n mos t o f t h e d e v e l o p m e n t a l s t a g e s t h r o u g h o u t 

t h e y e a r . 

4 . 2 S t u d i e s on p u p a t i o n 

4 . 2 . 1 P u p a t i o n i n M . a t e r was e x t e n s i v e l y s t u d i e d i n t h e l a b o r a t o r y 

by H a d l e y ( 1 9 7 1 ) o v e r a r a n g e o f t e m p e r a t u r e s f r o m 10*^C t o 

2 3 ° C . He n o t e d t h a t t h e mean d a i l y a i r t e m p e r a t u r e a t 

Moor House i n May , when p u p a t i o n t a k e s p l a c e , o v e r t h e 14 

y e a r p e r i o d 1 9 5 2 - 6 5 was 6 . 9 ° C , E x t r a p o l a t i n g back l i n e a r l y 

f r o m h i s 1 a b o r a t o r y r e s u i t s he s u g g e s t e d a p u p a l p e r i o d i n 

t h e f i e l d o f t h e o r d e r o f 1 4 - 1 7 d a y s . 

H o r o b i n ( 1 9 7 1 ) s t u d i e d s o i l t e m p e r a t u r e on t h e v a r i o u s 

s a m p l i n g s i t e s o v e r t h e p e r i o d 1 9 6 7 - 7 0 u s i n g b o t h a s u c r o s e 

i n v e r s i o n m e t h o d and C a m b r i d g e t h e r m o g r a p h s . I n e a c h 

case s o i l t e m p e r a t u r e was m e a s u r e d a t a d e p t h o f 1 c m . . 

Week l y means i n May were i n t h e r a n g e 4 - 9 ° C . 

L i t t l e seems t o be known o f t h e a c t u a l p o s i t i o n o f t h e 

pupae i n t h e f i e l d , b u t t h e y mus t be n e a r t o t h e s o i l s u r f a c e 

f o r ease o f a d u l t e m e r g e n c e , and l a r v a e i n A p r i l a r e 

c e r t a i n l y c o n c e n t r a t e d i n t h e t o p 3 cms . 
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The mean temperature experience of the pupae t h e r e f o r e 
seems l i k e l y t o be i n the range of 6 - 7°C, though i t i s 
r e a l i s e d t h a t d a i l y excursion around the mean may be con
s i d e r a b l e . 

In view of the lac k of a c t u a l data on the d u r a t i o n 
of pupation at temperatures comparable t o those experienced 
i n the f i e l d , i t was decided t o study pupation at 5°C and 7°C 
as w e l l as the 10°C and 20°C which would allow a check w i t h 
Hadley*s r e s u l t s . 

4.2.2. P r a c t i c a l D e t a i l s 
In A p r i l 1972 l a r v a l c u l t u r e s were set up on moist 

f i l t e r paper i n glass p e t r i dishes. A small amount of peat 
was included i n each c u l t u r e t o provide food, but not so 
much as t o make i t d i f f i c u l t t o f i n d pupae. The larvae were 
obtained from an area of Juncus squarrosus moor adjacent t o 
the 1,900 f t . s i t e . Sods approximately 30 cms square and 
4 cms t h i c k were e x t r a c t e d using lar g e Berlese type funnels 
w i t h a 100 watt l i g h t bulb as the heat source. This technique 
though not f u l l y q u antitative, proved e x c e p t i o n a l l y u s e f u l 
i n s everal of the st u d i e s i n t h i s t h e s i s as i t allowed the 
bulk c o l l e c t i o n of larvae f o r c u l t u r e i n a year when l a r v a l 
d e n s i t i e s were very low. 

The l a r v a l c u l t u r e s were kept at 10°C and i n an 18 hour 
photoperiod. They were checked twice d a i l y and any pupae 
removed. The pupae were kept separately on moist f i l t e r 
paper i n small glass p e t r i dishes i n one of the 4 constant 
temperatures selected f o r the study. The i n d i v i d u a l pupal 
c u l t u r e s were checked every afternoon f o r emergence as a d u l t s . 

4.2.3 Results and Discussion 
The r e s u l t s i n Table 3 were obtained by the methods 

described, also included f o r the purpose of comparison are 
Hadley*s r e s u l t s which have been marked w i t h a t r i a n g l e . 

The r e s u l t s at 10°C and 20°C correspond very w e l l w i t h 
those obtained by Hadley, but when they are p l o t t e d i n 

Figure 1 w i t h the r e s u l t s at 5°C and 7°C the d i r e c t r e l a t i o n 
ship p r e v i o u s l y p o s t u l a t e d between temperature and pupal 
d u r a t i o n i s not i n d i c a t e d . 



F i g u r e 1 

The r e l a t i o n s h i p b e t w e e n t e m p e r a t u r e °C 

and p u p a l d u r a t i o n f o r M . a t e r i n t h e 

1 a b o r a t o r y . 

( H a d l e y ' s f i n d i n g s ( 1 9 7 1 ) a r e shown w i t h 

a t r i a n g u l a r mark f o r c o m p a r i s o n ) 
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Table 3 

The e f f e c t of temperature on the duration of the 
pupal stage i n the la b o r a t o r y . 

Temperature Mean duration of pupal stage 
i n days (+ S.E.) 

c Males Females Number 
of pupae 

5 41.38 + .48 43.00 + .35 15 
7 22.94 + .27 23.67 + .23 31 

10 10.17 + .35 10.56 + .27 36 
10 A 10.56 + .34 10.74 + .27 32 
15 A 7 .57 + .19 7.72 + .12 70 
20 5.10 + .17 5.22 + .21 19 
20 A 5.11 + .20 5.21 + .18 42 
23 A 4.43 + .17 4.38 + .12 29 

^ = data obtained by Hadley 

At temperatures below 10°C pupal duration i s shown 
to be prolonged i n c r e a s i n g l y by decrease i n temperature. 

In F i g u r e 2 where pupal duration i s p l o t t e d as a r e c i p 
r o c a l of the number of days taken to emergence, g i v i n g a 
measure of the r a t e of pupal development, a dir e c t r e l a t i o n -
s h i p i s i n d i c a t e d which Hadley's high temperature r e s u l t s 
w i l l a l s o f i t . T h i s l i n e c r o s s e s the temperature a x i s a t 
3.75°C i n d i c a t i n g t h i s as l i k e l y to be the t h r e s h o l d f o r 
pupal development. T h i s low t h r e s h o l d f o r pupal development 
i s p a r t i c u l a r l y i n t e r e s t i n g as i t was noted by Horobin and 
i n the present study t h a t the t h r e s h o l d f o r pupation from the 
4th i n s t a r l a r v a l i e s between 5 and 6°C. The r e s u l t s i n 
Table 3 show that once pupation has occured development w i l l 
continue and emergence can take place even a t 5°C. 



Figure 2 
The r e l a t i o n s h i p between ra te of pupal 

development and temperature °C. The equat ion 
of the l i n e is y = 12.5x - 46.9 and the c o r r e l a t i o n 
c o e f f i c i e n t r = + 0.99. The slope of the l i n e is 
s i g n i f i c a n t l y d i f f e r e n t from zero t = 52.174 
df = 6 P <0.001 . 
(Hadley 's f i n d i n g s (1971) are shown w i t h a t r i a n g u l a r 
mark and f o r comparison o n l y . ) 
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The main s i g n i f i c a n c e of the extended pupal du ra t i on 
a t low temperatures to the previous work on M.ater a t Moor 
House i s i n Horob ln 's cons ide ra t ions o f the f a c t o r s a f f e c t i n g 
delay of adu l t emergence w i t h a l t i t u d e . He concluded t h a t 
the del ays observed between the emergence at 2,050 f t . and 
2,700 f t . , which va r ied between 6 and 12 days in the 1967-70 
p e r i o d , were due p r i m a r i l y to the delay i n the a r r i v a l o f 
the th resho ld temperature f o r pupat ion a t the h igher s i t e . 
He d iscounts any d i f f e r e n c e s taken in pupal du ra t i on as , 
e x t r a p o l a t i n g l i n e a r l y from Hadley's r e s u l t s , he gives a 
r e l a t i o n s h i p of one day delay f o r every 2.5*^C f a l l i n 
tempera tu re , and h is s o i l temperature s tud ies only i n d i c a t e 
a d i f f e r e n c e i n the order of 1-2^C between the s i t e s i n May. 
As the mean s o i l temperatures he recorded i n May f a l l i n 
the range 6-9°C the present study i n d i c a t e s a delay in the 
order o f 6 days f o r every 1°C. I t seems l i k e l y t h e r e f o r e 
t ha t the increase i n pupal du ra t i on shown at f i e l d temperatures 
can c o n t r i b u t e s u b s t a n t i a l l y to the observed d i f f e r e n t 
emergence dates between s i t e s . 

Over the temperature range 10*̂ C to 23^C Hadley found no 
s ign i f i can t d i f f e r e n c e s in pupal du ra t i on between males and 
females, though at 2 0 ° , 15° , and 10°C the females took 
longer . A study on the onset of pupat ion showed t h a t males 
pupated about 1 day e a r l i e r than females and t h i s was thought 
to exp la in the l a t e r rec ru i tmen t o f females i n t o the adu l t 
p o p u l a t i o n . This phenomenon has been observed by many 
workers on the Ti p u l i dae ( e . g . Maercks, 1939; Hemmingsen, 1952; 
Hemmingsen & Jensen, 1957; Freeman, 1964). In the present 
study however pupal du ra t i on was s i g n i f i c a n t l y d i f f e r e n t 
( p < 0 . 0 1 ) between males and females at the two temperatures 
nearest those occur ing in the f i e l d , 5°C and 7°C. The percent
age di f fe renees between male and female pupal du ra t i on f o r 
a l l the temperatures i n the present study and f o r Hadley 's 
data are given in Table 4 . 
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Table 4 

The d i f f e r e n c e s i n pupal d u r a t i o n between male and 
female M.ater under l a b o r a t o r y study at v a r i o u s tempera
t u r e s , Hadley^s r e s u l t s are included and marked with a * 

Temperature % D i f f e r e n c e i n (£" ^100^ 
male pupal du r a t i o n (9 ) 

5 - 4.21 
7 - 3.08 

10 - 3.73 
10 A - 1.60 
15 A - 1.94 
20 - 2.30 
20 A - 1.98 
23 A + 1.22 
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Only a t 23°C was male pupal duration longer than 
female (but not s i g n i f i c a n t l y so) and the other f i g u r e s 
i n d i c a t e that female pupal duration i s generally 2-3% 
longer than that recorded f o r males, but tends to be l e s s 
a t the higher temperature. 

I t , t h e r e f o r e , seems l i k e l y that t h i s combined with 
the e a r l i e r pupation of males shown by Hadley e f f e c t s the 
l a t t e r recruitment of females observed i n M.ater populations 
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4.3 PHOTOPERIOD EFFECTS 

4 .3 .1 I n t r o d u c t i o n 

Photoper iod ic r eac t i on i s one o f the most general 
eco log i ca l adaptions of a wide range o f an imals . Photo
p e r i o d i c e f f e c t s i n i nsec ts have been ex tens i ve l y s tud ied 
by D a n i l e v s k i i (1965) and h is l i s t s of species known to 
show a pho toper iod i c e f f e c t inc lude many D i p t e r a , but do 
not inc lude any members of the fam i l y T i p u l i d a e . In most 
o f the s tud ies photoper iod i s e f f e c t i v e i n the opening or 
b reak ing of d iapause, though Houston (1970) r e l a t ed gonad 
development in severa l species of Carabid beet les to the 
length of photoper iod they were r e c e i v i n g . 

Horobin (1971) s ta tes t h a t he has not observed any 
pho toper iod ic e f f e c t on pupat ion in M.ater and t h a t pupae 
were obta ined equa l l y we l l from l a r v a l c u l t u r e s kept in 
cont inuous l i g h t , cont inuous dark , and a vary ing photoper iod 
In the present study la rge numbers of i n s t a r IV la rvae were 
a v a i l a b l e and i t was considered wor thwh i le to check these 
r e s u l t s because recen t l y such e f f e c t s have been found i n 
T ipu la subnodicorn is ( J . B u t t e r f i e l d , pe rs , comm. 1972), 

4 .3 .2 Methods and Results 
Larvae were c o l l e c t e d from a s i t e ad jacent to the 

1900 f t . Dun Fe l l S i t e over the per iod November 1971 to 
A p r i l 1972. Sods were taken and bulk e x t r a c t e d i n la rge 
Berlese funnels as was descr ibed in the sec t i on on 
pupa t ion . 

The la rvae were c u l t u r e d i n pea t , known to conta in no 
o ther l a r v a e , in glass p e t r i dishes l i n e d w i t h f i l t e r paper. 
The c u l t u r e s were watered and kept moist throughout the 
c u l t u r e p e r i o d . They were kept i n constant temperature 
cab inets each l i t by an 8 wat t f l u o r e s c e n t tube c o n t r o l l e d 
by a t ime s w i t c h . The cu l t u res were piaced so t h a t the 
i n t e n s i t y of l i g h t reaching them was s i m i l a r , though Lees 
(1955) found t h a t in general pho toper iod i c r eac t i on i n 
ar thropods i s independent of l i g h t i n t e n s i t y above a low 
c r i t i c a l l e v e l . 
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Two photoperiods were used, one with 6 hours l i g h t , 
18 hours dark and one with 18 hours l i g h t and 6 hours dark. 
These were intended to represent short and long day con
d i t i o n s . There were no t w i l i g h t periods, the l i g h t i n g 
being switched d i r e c t l y on or o f f . 

The photoperiods were kept to a 24 hour rhythm, being 
i l l u m i n a t e d f o r the same period each day. Where p o s s i b l e 
the c u l t u r e s were examined d a i l y and during the photophase, 
any M.ater that had emerged were noted and removed. 

I n t e r p o l a t i n g back from the emergence dates the mean 
date f o r pupation can be estimated, t a k i n g a pupal duration 
of 10 days at 10°C (see page l l ) . 

The r e s u l t s of the c u l t u r e s are given i n f u l l i n Table 5 
and summarised i n Table ^. 
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Table 6 

The e f f e c t s of temperature and photoperiod i n 
inducing pupation of M.ater l a r v a e i n the l a b o r a t o r y 

D A Y S T O P U P A T I O N 

Date brought 5*̂ 0 10°C 
i n t o c u l t u r e 18 hr. photo- 6 hr. photo- 18 hr. photo

period period period 

10/11/71 - F 81 

20/12/71 - F 44 

15/1/72 F - _ 

20/1/72 - 73 40 

9/3/72 F 41 26 

24/4/72 - 18 18 

Note: F = f a i l u r e to pupate 
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4.3.3 D i s c u s s i o n 

Between November 1971 and A p r i l 1972 samples of l a r v a e 
-were taken from the f i e l d s i t u a t i o n and c u l t u r e d i n the 
laboratory under d i f f e r e n t l i g h t and temperature regimes. 
The object of these s t u d i e s was to i n v e s t i g a t e the e f f e c t s 
of these two f a c t o r s and t h e i r i n t e r a c t i o n i n inducing 
pupation i n the f o u r t h i n s t a r l a r v a e of M.ater. 

Horobin (1971) studying the importance of temperature 
r e l a t i v e to pupation concluded t h a t a t h r e s h o l d between 
5° _ 6°C e x i s t e d and he r e l a t e d c e r t a i n a s p e c t s of f i e l d 
behaviour to t h i s . The e x i s t a n c e of t h i s t h r e s h o l d has 
been s u b s t a n t i a t e d i n the present study, w i t h no c u l t u r e 
kept continuously at 5°C producing pupae. The l a r v a e i n 
these c u l t u r e s s u r v i v e d and grew f o r up to 7 months, and 
e v e n t u a l l y death appeared to be due to the l a r v a e stopping 
feeding, the gut appeared empty. Removal of the larvae 
into f r e s h peat did not induce renewed feeding. 

The r e s u l t s given i n Tables 5 and 6 do however i n d i 
cate t h a t photoperiod a l s o p l a y s an important part i n l a r v a l 
development p r i o r to pupation and the f o l l o w i n g model f o r 
the development of l a r v a e i n s p r i n g i s suggested. 

Larvae i n the f i e l d i n November and December appear 
to be making progress towards pupation d e s p i t e the low 
temperatures. C u l t u r e s 1 and 3 taken on the 10 November, 
1971 and the 20 December, 1971 r e s p e c t i v e l y , were both 
c u l t u r e d a t 10°C ( f i e l d temp. c.2°C) and with an 18 hour 
photoperiod did not show a 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 i r 
mean date of emergence, although c u l t u r e 1 had been at 10°C 
f o r 40 days more. 

C l e a r l y a t t h i s stage, 6 hours l i g h t a day i n h i b i t s 
pupation w h i l s t 18 hours l i g h t induces eventual pupation. 
To complicate the s i t u a t i o n exposure i n the f i e l d to a low 
temperature (2°C) and about 9 hours a day l i g h t r e q u i r e 
l e s s high temperature and long day treatment to induce 
pupation. I t may be that a s t a t e of diapause e x i s t s but 
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t h i s has not been demonstrated i n the l a r v a e of any other 
t i p u l i d s p e c i e s , and the mean l a r v a l iseights c a l c u l a t e d from 
the monthly s i t e samplings taken f o r the population study 
show t h a t between November and December, and between 
December and January, l a r v a l growth continues, mean weights 
i n c r e a s i n g by approximately 15% per month. 

During January the l a r v a e from the f i e l d continue to 
be p h o t o s e n s i t i v e , probably i n response to i n c r e a s i n g 
daylength, the maximum f i e l d exposure a t t h i s time would be 
between 8 and 9 hours l i g h t . L a r v a l c u l t u r e s taken int o 
the laboratory before 20 January, 1972 and kept continuously 
a t a 6 hour photoperiod, 10*^C, f a i l e d t o pupate and eventu
a l l y a f t e r 7 months died i n d i c a t i n g t h a t i t i s e s s e n t i a l 
to M.ater t o r e c e i v e a daylength somewhat i n excess of 
6 hours i f development i n s p r i n g i s to be completed. 
C u l t u r e 5, however, taken from the f i e l d on 20 January 
1972, and c u l t u r e d a t 10°C f i r s t a t 6 hours l i g h t , u n t i l 
10 March, 1972 when i t was t r a n s f e r r e d to 18 hours l i g h t , 
took 38 days from the date of t r a n s f e r to the date f o r 
pupation. When compared with 44 days taken by c u l t u r e 3 
put s t r a i g h t i n t o an 18 hour regime on the 20 January, 
1972, i t i s notable t h a t an advance of 6 days towards 
pupation has occured i n 80 days at 10°C, 6 hours l i g h t . 
Though the advance i s very s m a l l f o r the time taken, i t 
i n d i c a t e s t h a t avery s m a l l but s i g n i f i c a n t amount of 
development can occur a t a 6 hour l i g h t regime. C u l t u r e 
10 was taken from the f i e l d on 9 March, 1972, t h i s com
pares w i t h the date of t r a n s f e r of C u l t u r e 5 to 18 hours 
l i g h t (10 March, 1972). The c u l t u r e s took 38 (from date 
of t r a n s f e r ) and 26 days to pupation r e s p e c t i v e l y , 
i n d i c a t i n g the g r e a t e r i n f l u e n c e of the l i g h t regime 
i n the f i e l d on speeding up the r a t e of development than 
the r a i s e d temperature i n the l a b o r a t o r y . 

A l l l a r v a e taken a f t e r the 20 January, 1972, and 
kept at 10°C produced pupae whether i n 6 or 18 hour photo-
periods, i t i s thought ^ h a t these must a l l have r e c e i v e d 
the r e q u i r e d day l e n g t h ^ s t i m u l a t e development w h i l s t i n the 
f i e l d ^ i ^ t i o n . The l a r v a e kept a t the 18 hour day length 
did however pupate sooner than those taken at the same time 
and kept i n 6 hour d a y l i g h t showing t h a t 



- 21 -

photoper iod i s s t i l l i n f l u e n c i n g the ra te of development 
in t h i s s tage . From January on the la rvae in the f i e l d 
are thought to be accumulat ing t h e i r l i g h t requirement as 
i t i s a v a i l a b l e to them, t h i s va ry ing w i t h c l i m a t i c con-
d i t i o n s and pho toper iod . This cont inues through February 
and March when samplings s t i l l showed la rvae to reach 
pupat ion sooner i n the 18 hour photoper iod than the 6 
hour though development was not d i r e c t l y r e l a t e d to the 
photoper iod l e n g t h . By the 24 A p r i l , 1972, however, la rvae 
taken from the f i e l d and kept in 6 and 18 hour photo
per iods showed no di f fe renee in the t ime taken to pupa t i on . 

In t ab l e 7 development up to t h i s per iod i s shown 
i n r e l a t i o n to the t ime t h a t the larvae were brought from the 
f i e l d i n t o the l a b o r a t o r y , in days p r i o r to 24 A p r i l 1972; 
a lso in r e l a t i o n t o the temperature sum i n degree-days 
( the temperature sum is ca l cu l a t ed by h a l v i n g the sum of 
maximum and minimum d a i l y temperatures recorded in the screen 
at Moor House between sampling dates i t assumes the developmental 
t h resho ld pos tu la ted by Horobin of 0°Ci, and i n r e l a t i o n to the 
photoper iod cond i t i ons given t o the la rvae i n the 1 abora to ry . 

From the f i gu res in t ab le 7, development towards 
pupat ion i n the f i e l d cannot be s i g n i f i c a n t l y c o r r e l a t e d 
w i t h temperature sum, but a f t e r 20 December 1971 the number 
of days taken in the l abo ra to r y to pupate i s p o s i t i v e l y 
and s i g n i f i c a n t l y c o r r e l a t e d , f o r both the 6 and 18 hour 
pho toper iods , w i t h the number o f days befire 24 A p r i l 1972 
tha t the larvae were removed from the f i e l d , see Figure 3. 
Progress towards pupat ion du r ing t h i s per iod would t h e r e f o r e 
seem to be c o r r e l a t e d w i t h the number of days o f pho tope r i od , 
dur ing t h i s s tage. The slower ra te of development in the 
l abo ra to ry on the sho r te r photoper iod would support the idea 
of development being r e l a t e d to photoper iod sum. 
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Table 7 

Rate of development i n M.ater l a r v a e r e l a t i v e 

to temperature and photoperiod experience. 

Date brought 
i n t o l a b . 

No. of days 
from 24/4/72 

10/11/71 

20/12/71 

20/1/71 

9/3/72 

24/4/72 

166 

126 

95 

46 

0 

Temp, sum 
i n f i e l d 
between con-
secut ivg 
dates ( days) 

112 

53 

31 

155 

No. of days 
to pupation 
lOoC and 18 
hours l i g h t 

81 

44 

40 

26 

18 

No. of days 
to pupation 
lOoC and 6 
hours l i g h t 

do not 
pupate 

do not 
pupate 

73 

41 

18 



F i g u r e 3. 

The r e l a t i o n s h i p between the date of removal 
of l a r v a e from the f i e l d and the time taken to 
pupation i n the lab o r a t o r y i n two photoperiods 
at 10°C ( I ) 18 hours l i g h t 6 hours dark 

( I I ) 6 hours l i g h t 18 hours dark 

The equation of l i n e ( I ) i s y = 0.22 x +17.5 
r = +0.992, p =< 0.001 

The equation of l i n e ( I I ) i s y= 0.58 x +16.8 
r = +0.997, p =<0.01 
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I t appears that l a r v a e i n A p r i l (though the timing 
of t h i s may vary from year to y e a r ) have completed the 
part of t h e i r development t h a t i s l i g h t dependant and 
at t h i s stage development to pupation i s dependant on 
temperature only. Horobin when d e s c r i b i n g h i s experiments 
i n which he could observe no photoperiodic e f f e c t does 
not give the date f o r the f i e l d sampling from which he 
obtained h i s l a r v a e , i t may have been that they were i n 
t h i s stage. 

T h i s p h o t o s e n s i t i v e stage of development p r i o r to 
pupation may be e c o l o g i c a l l y s i g n i f i c a n t as a s a f e guard 
mechanism preventing pupation i n the case of warm periods 
i n e a r l y s p r i n g . These might s t i l l be followed by severe 
weather c o n d i t i o n s which the l a r v a e can probably escape, 
but might be f a t a l to pupae. Also along with the tempera
t u r e t h r e s h o l d f o r pupation i t may c o n t r i b u t e to the 
synchrony of the adult emergence, which i s of prime 
importance to an i n s e c t w ith a short a d u l t l i f e as has 
M .a t e r . 

Another question r a i s e d by the photoperiod r e a c t i o n 
i n M.ater four t h i n s t a r l a r v a e i s that of how they a c t u a l l y 
r e c e i v e the l i g h t s t i m u l u s and what systems are involved 
i n producing the e f f e c t s . Here there i s a need f o r 
i n v e s t i g a t i o n on the p h y s i o l o g i c a l l e v e l . 

There i s a need f o r f u r t h e r experimentation i n the 
involvement of day length with l a r v a l development i n M.ater 
i f the exact timing and requirements of the developmental 
stages are to be discovered. Large numbers of l a r v a e would 
need to be c o l l e c t e d i n November and c u l t u r e d through 
to pupation i n a wide range of photoperiods and with s e v e r a l 
temperatures regimes. Such an experiment was not p o s s i b l e 
w i t h i n the time a v a i l a b l e f o r the present study. 
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4.4 STUDIES ON LARVAL GROWTH 

4.4.1 Hadley (1966) produced a growth curve f o r M.ater 
l a r v a e at Moor House by sampling l a r v a l populations monthly 
and c a l c u l a t i n g mean l a r v a l weights. Growth r a t e was r a p i d 
from hatching i n June up to the onset of w i n t e r , when 
i n c r e a s e s i n weight were s m a l l though the l a r v a e did s t i l l 
appear to be growing. I n s p r i n g growth r a t e a c c e l e r a t e d 
again u n t i l pupation occured i n May. 

Coulson (1962) working on T.subnodicornis, another 
very common crane f l y at Moor House, produced a growth 
curve which was s i m i l a r to t h a t subsequently produced by 
Hadley for M.ater with the exception that T.subnodicornis 
does not step up i t s growth r a t e again with the a r r i v a l 
of s p r i n g . 

I t was decided to i n v e s t i g a t e t h i s s p r i n g growth i n 
M.ater as i n Hadley's r e s u l t s i t was n o t i c a b l e that at the 
same time as growth was t a k i n g place the v a r i a n c e i n the 
i n d i v i d u a l l a r v a l weights was i n c r e a s i n g . I t was thought 
that perhaps one s e c t i o n of the population was r e s p o n s i b l e 
f o r the i n c r e a s e i n mean weight w h i l s t some of the popu
l a t i o n were a l r e a d y f u l l y developed. 

4.4.2 P r a c t i c a l d e t a i l s and r e s u l t s 

The technique used to i n v e s t i g a t e t h i s s p r i n g growth 
involved the s e t t i n g up of a l a r g e number of i n d i v i d u a l 
l a r v a l c u l t u r e s . The l a r v a e were taken from the f i e l d 
s i t u a t i o n on 24 January, 1972 and were kept i n c u l t u r e 
at 5°C u n t i l the 22 March, 1972, when they were t r a n s f e r r e d 
to 10°C to induce pupation. On pupation the sex of a d u l t 
to be produced was determined. Weightings were made on 
a s e n s i t i v e electro-microbalance (accurate to ,001 mg) 
a f t e r excess water on the l a r v a l c u t i c l e had been removed 
by r o l l i n g them on f i l t e r paper. 
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The l a r v a e came from a Juncus squar rosus s i t e a d j a c e n t 
to the 1900 f t . Dun F e l l s i t e , and the c u l t u r e media 
c o n s i s t e d merely of peat taken from the s ame s i te and dr i ed 
to ensure there were no l a r v a e s u r v i v i n g in i t . The exac t 
food of H .a ter has not been determined, in t h i s or the 
prev ious s t u d i e s , but the l a r v a e i n g e s t the o r g a n i c debr is 
of the peat and i t may be tha t they feed d i r e c t l y on the o rgan ic 
mate r ia l or on the m i c r o f l o r a present on I t . Which ever i s 
the case the l a r v a e s u r v i v e d and grew we l l in the c u l t u r e s , 
each of which c o n s i s t e d of 5 x 1 cm g l a s s tube l i n e d with 
f i l t e r paper and t h r e e - q u a r t e r s f i l l e d with the d r ied p e a t , 
the whole c u l t u r e was thoroughly moistened and kept moist 
throughout the c u l t u r e p e r i o d . The tubes were stoppered 
with a p i e r c e d nylon bung. 

The r e s u l t s are given in Table 8 and the growth r a t e s 
of male and female l a r v a e compared. 
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4.4.3 D i s c u s s i o n 

Out of 100 l a r v a e o r i g i n a l l y placed i n c u l t u r e 67 
reached pupation and could be sexed, 7 f a i l e d to pupate 
and the remainder e i t h e r died or could not be found i n 
the c u l t u r e . I t i s t a u g h t that a l a r g e number of the 
deaths may have beer/to damage i n f l i c t e d during handling, 
but g e n e r a l l y the c u l t u r e method can be considered s u c 
c e s s f u l . From the weight gains recorded the l a r v a e were 
obviously feeding w e l l and the weights at the March 
weighing are comparable with f i e l d weights at that time. 

The mean l a r v a l weights of males and females are 
s i g n i f i c a n t l y d i f f e r e n t a t both the January and March 
weighings, t h i s tendancy f o r the l a r g e r l a r v a e to be 
female was f i r s t noted by Horobin (1971) who a l s o r e l a t e d 
l a r v a l weight to female f e c u n d i t y . 

Both the males and the females show s i g n i f i c a n t weight 
gains over the c u l t u r e period and these gains were not 
only due to growth of the s m a l l e r l a r v a e of each type, 
but i t appears that a l l the l a r v a e are s t i l l feeding and 
developing over the s p r i n g period. Only one of the 67 
l a r v a e that pupated was recorded as showing a weight l o s s . 

The mean weight gains of the males and females are 
however s i g n i f i c a n t l y d i f f e r e n t w ith the females gaining 
on average 0.39+ .04 mg compared with a male gain of only 
0.26+ .02 mg. When converted i n t o a percentage weight 
gain 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 . These lar.ger t o t a l 
weight i n c r e a s e s of the females would seem to be r e s p o n s i b l e 
f o r the i n c r e a s e i n the v a r i a n c e of l a r v a l weights which 
has been recorded during the s p r i n g period by Hadley. 

As i n c r e a s e d l a r v a l weight was shown by Horobin to be 
r e l a t e d to i n c r e a s e d f e c u n d i t y , t h i s continued s p r i n g growth 
of the al r e a d y l a r g e l a r v a e may be of importance i n channel
ing the growth a v a i l a b l e to the population i n t o egg production. 
Growth of the s m a l l e r l a r v a e , i . e . the males, i s u n l i k e l y to 
be so u s e f u l to the population where males probably c a r r y an 
excess of gametes anyway, though i n c r e a s e d r e s e r v e s i n the 
males might prolong t h e i r l i f e span. 
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4.5 LONGEVITY OF ADULTS 

4.5,1 I n the la b o r a t o r y 

Casual o b s e r v a t i o n of the adult* emerging from the 
pupal c u l t u r e s i n d i c a t e d that they were s u r v i v i n g f o r con
s i d e r a b l e p e r i o d s . T h i s d i d not seem to be i n accord w i t h 
the r e s u l t s obtained by Hadley (1969). He had kept newly 
emerged a d u l t s i n c u l t u r e a t temperatures between 9 and 12*^0 
and h u m i d i t i e s i n the range 55-77% and recorded d a i l y 
e l i m i n a t i o n r a t e s between 66 and 78%. I t was, t h e r e f o r e , 
decided to s e t up a s e r i e s of experiments to determine how 
long M.ater a d u l t s can i n f a c t l i v e under favourable con
d i t i o n s . 

P r a c t i c a l D e t a i l s and R e s u l t s 

The adu l t m a t e r i a l used was not from any s i n g l e source, 
but a d u l t s emerging from the photoperiod, pupation and 
i n d i v i d u a l weight gain experiments were a l l kept and c u l t u r e d 
i n the fol l o w i n g manner. The a d u l t was removed from the 
pupal c u l t u r e on the day i t emerged, and placed i n a 
sm a l l p l a s t i c p e t r i d i s h which contained two c i r c l e s of 
s a t u r a t e d f i l t e r paper i n the base. I t was kept e i t h e r on 
i t s own or with one i n d i v i d u a l of the opposite sex, depend
ing on whether i t was to be mated or not. Mated p a i r s were 
kept together u n t i l one of the i n d i v i d u a l s died. A l l the 
c u l t u r e s were kept a t 10°C and i n an 18 hour photoperiod 
i n a constant temperature c a b i n e t , they were checked d a i l y 
to see which i n d i v i d u a l s were s t i l l s u r v i v i n g and to wet 
the f i l t e r paper i f neces s a r y . 

I t i s ap p r e c i a t e d t h a t the h i s t o r i e s i n terms of 
temperature and photoperiod, of the l a r v a e from which the 
a d u l t s were derived were often d i f f e r e n t , but the a d u l t s 
from each source were as e q u a l l y as p o s s i b l e d i v i d e d 
amongst the 4 groups f o r c u l t u r e i . e . males, mated males, 
females and mated females and the r e s u l t s (Table 9) achieved 
are so d i f f e r e n t from those of Hadley as to make them 
worthy of c o n s i d e r a t i o n . 
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Table 9 

Longevity i n days of M.ater a d u l t s i n the 
laboratory (10° C) 

Males Mated Females 9 Mat ed 
Males cT Females 9 

Longevity i n 7.71 8.00 8.56 8.53 
days + S.E. (+0.40) (+0.83) (+0.63) (+0.59) 

No. of 
i n d i v i d u a l s 17 15 16 15 
c u l t u r e d 
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D i s c u s s i o n 

The r e s u l t s i n d i c a t e t h a t M.ater a d u l t s have a p o t e n t i a l 
l o n g e v i t y much i n excess of that i n d i c a t e d by Hadley's r e s u l t s , 
and i n d i v i d u a l s were recorded that l i v e d f o r up to 15 days. 
The reason f o r the discrepency i n the r e s u l t s i s thought to be 
t h a t i n Hadley*s experiments though the a d u l t s were kept a t 
r e l a t i v e l y high h u m i d i t i e s they did not have a c c e s s to f r e e 
water. I n the present study M.ater a d u l t s were r e g u l a r l y 
n o t i c e d t o be d r i n k i n g from the f i l t e r paper l a y e r i n the bottom 
of the p e t r i d i s h , and any a d u l t kept without water f o r a short 
period would a v i d l y d r i n k as soon as placed on damp f i l t e r 
paper. Adults r e f u s e d a c c e s s to water died, u s u a l l y w i t h i n 2 
days. I n view of the nature of the c l i m a t e a t Moor House i t 
seems u n l i k e l y that t h i s n e c e s s i t y to obtai n water i s of any 
importance i n e f f e c t i n g the short l i f e expectancy of M.ater 
a d u l t s i n the f i e l d , but i t i s c l e a r from these s t u d i e s t h a t 
some environmental f a c t o r i s r e s p o n s i b l e f o r the short f i e l d 
l i f e and that i t i s not due to the i n a b i l i t y of the s p e c i e s to 
s u r v i v e more than 1 or 2 days. 

Mating did not reduce the l i f e expectancy of e i t h e r males 
or females, and i n f a c t t h e r e are no d i f f e r e n c e s of s i g n i f i c a n c e 
between any of the 4 groups. 

4.5.2 I n the F i e l d 

I n t r o d u c t i o n 

In a d d i t i o n to the l a b o r a t o r y experiments a l r e a d y d e s c r i b e d 
i t was decided to run an experiment during the a d u l t f i e l d season 
to a c e r t a i n how long the a d u l t s were s u r v i v i n g underjCield con
d i t i o n s . T h i s aspect of the biology of M.ater had been p r e v i o u s l y 
i n v e s t i g a t e d by Hadley (1969) on 3 of the Moor House s i t e s 
during the 1965 adult season. He recorded an average d a i l y 
e l i m i n a t i o n r a t e of 80% f o r cf»s and 89% f o r 9's when the data 
from the 3 s i t e s a r e combined. The lowest average d a i l y 
e l i m i n a t i o n r a t e of the 3 s i t e s f o r males was 74% and f o r females 
85%. 



P r a c t i c a l D e t a i l s and R e s u l t s 

The experiment was c a r r i e d out on the 1700 f t . Dun F e l l 
s i t e and samples of both the numbers of a d u l t s emerging and 
of the standing crop were taken d a i l y over the period 2-15 
June, 1972. 

The r e s u l t s from 4 x 1/4 sq. metre emergence t r a p s , pre
sent on the s i t e f o r the e s t i m a t i o n of annual population, a r e 
used t o give the numbers emerging d a i l y . Standing crop was 
estimated by t a k i n g 10 x 1/20 s q . metre random samples of 
the a d u l t population d a i l y . E x t r a c t i o n of a d u l t s was i n both 
c a s e s by the vacuum technique d e s c r i b e d f u l l y i n s e c t i o n 5.2.4 
In the standing crop samples only a d u l t s t h a t were a l i v e 
were counted. 

The r e s u l t s from the t r a p s were converted to numbers of 
a d u l t s per square metre and are given i n Table 10 

The numbers of a d u l t s per sq. metre taken from emergence 
t r a p s and standing crop,samples on the 1700* Dun F e l l s i t e 
over the period June 2-15 1972. 

Emergence Standing Crop 
t r a p s samples 

No, of M.ater 

a d u l t s per m 405 698 
over period 2- cT 9 / 9 
15 June, 1972 266 139 517 181 

Mean numbers per 2 9 + 5 . 2 5 0 + 4 . 8 
day + S.E. 

:f 9 o" 9 
19+4 .3 10+-1.5 37+4 .1 13+1.7 

Average d a i l y 
e l i m i n a t i o n r a t e s o.51 9 0.77 T o t a l = 0.58 
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D i s c u s s i o n 

The f i e l d mean d a i l y elimination r a t e recorded f o r M.ater 
a d u l t s i n t h i s study i s 58% showing M.ater to have a very 
short l i v e d a d u l t stage, the f u n c t i o n of which appears to be 
mainly to e f f e c t mating and to a l i m i t e d extent d i s p e r s i o n . 
The r e s u l t s are however r a t h e r d i f f e r e n t from those recorded 
by Hadley i n 1965 when the mean d a i l y e l i m i n a t i o n r a t e was 
about 80%. The reason f o r the d i f f e r e n c e i s not c l e a r , but 
i t i s thought that c l i m a t i c f a c t o r s at the time of the emergence 
may be p a r t i a l l y r e s p o n s i b l e . The emergence period i n 1965 
was both warmer and d r i e r than i n 1972, which was e x c e p t i o n a l l y 
cold and wet. I t i s thought that the 1972 c o n d i t i o n s may 
have reduced a c t i v i t y and mating and the a d u l t s l i m i t e d energy 
r e s e r v e s may have been conserved r e s u l t i n g i n a prolonged 
adult stage. Another f a c t o r may have been the r e l a t i v e l y 
low l a r v a l d e n s i t y i n 1972 which may have r e s u l t e d i n the 
production of l a r g e r a d u l t s with more energy r e s e r v e s than 
the 1965 a d u l t s . 

A l s o of i n t e r e s t i s that the i n c r e a s e d l o n g e v i t y of 
the population was almost e n t i r e l y due to male s u r v i v a l . The 

2 
mean d a i l y number of males emerging per m was only 19, com
pared with a standing crop population per day of 37, the 
d i f f e r e n c e i s s i g n i f i c a n t ( P < 0 . 0 1 ) . Whereas the female 

2 
numbers were 10 a day emerging and 13 per m i n the standing 
crop samples, the d i f f e r e n c e i s not s i g n i f i c a n t . T h i s pro
longed male s u r v i v a l may be very u s e f u l i n ensuring t h a t a l l 
females a v a i l a b l e get f e r t i l i s e d , and i t has been no t i c e d 
by c a s u a l observation t h a t males are i n c l i n e d to mate on 
more than one occasion i f the opportunity i s presented. I t 
seems l i k e l y that the r i g o u r s of o v i p o s i t i o n combined with 
the harsh c l i m a t e are the reasons fo r the short l i f e 
expectancy of females under the f i e l d s i t u a t i o n . 
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5. POPULATION STUDIES 

5.1 The l i f e c y c l e of M.ater i n the f i e l d has been d e s c r i b e d 
by Hadley (1971). The eggs are l a i d i n l a t e May and e a r l y June 
and these hatch int o f i r s t i n s t a r l a r v a e i n approximately 4 
weeks, the second and t h i r d i n s t a r l a r v a e a l s o take about 4 
weeks each to develop and f o u r t h i n s t a r l a r v a e appear i n October. 
The f o u r t h i n s t a r l a r v a i s the over w i n t e r i n g stage and con
t i n u e s u n t i l e a r l y May when there i s a 3 week pupal phase p r i o r 
to a d u l t emergence i n l a t e May and e a r l y June. 

Throughout the present study the d e n s i t i e s of the d i f f e r e n t 
developmental stages of M.ater have been recorded on 8 s i t e s . 
Three of these s i t e s (the Moor House s i t e s ) were p r e v i o u s l y 
s t u d i e d by both Hadley (1969) and Horobin (1971) and data on 
population l e v e l s are now a v a i l a b l e f o r 8 consecutive y e a r s . 
The other 5 s i t e s (the Dun F e l l s i t e s ) were s t a r t e d by Horobin 
and data are now a v a i l a b l e f o r 5 consecutive y e a r s . T h i s 
s e c t i o n i s a review of the previous authors c o n s i d e r a t i o n s on 
the population biology of M.ater i n the l i g h t of two more y e a r s 
data, 

5.2, P r a c t i c a l D e t a i l s 

Technique f o r d e n s i t y e s t i m a t i o n , 

5.2.1 The Egg stage 

The eggs of M.ater are s o f t and w h i t i s h , w i t h a mean 
length + S.E. o f f 221+9(1 and mean maximum breadth of 134+ 2^ 

(Hadley 1966). Horobin (1971) made s e v e r a l attempts to estimate 
egg numbers i n the s o i l a f t e r a d u l t emergence using both sfd^ving 
and f l o t a t i o n techniques but met with l i t t l e s u c c e s s . He 
a t t r i b u t e d t h i s t o the s o f t nature of the egg and thought they 
were breaking up under the e x t r a c t i o n technique. He t h e r e f o r e 
estimated egg d e n s i t y i n d i r e c t l y , using a knowledge of the 
d e n s i t y of a d u l t females and t h e i r f e c u n d i t y . The same technique 
has been used i n t h i s study. Fecundity i s estimated by d i s 
s e c t i n g i n d i v i d u a l newly emerged females under a b i n o c u l a r micro
scope and counting the number of eggs they c o n t a i n . The r e s u l t s 
are based on at l e a s t 15 females f o r each s i t e . Adult female 
d e n s i t y i s obtained from the emergen.ce t r a p data obtained as 
i n 5.2.3. 
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5.2.2 
The l a r v a l stages 

The l a r v a e of M.ater are y e l l o w i s h brown i n colour 
and about 8 mm long and 0. 5 mm i n diameter at t h e i r maximum 
i n the 4th i n s t a r . The body i s n o t i c a b l y c o n s t r i c t e d before 
the s p i r a c u l a r d i s c , the pigmentation of which i s c h a r a c t e r i s 
t i c of the genus Molophilus (see Horobin 1971). 

The pigmentation of the d i s c does not change through the 
i n s t a r s and as Hadley (1966), Horobin (1971) and the present 
author have found no other r e p r e s e n t a t i v e of the genus 
Molophilus on the Moor House r e s e r v e i d e n t i f i c a t i o n of l a r v a e 
to a s p e c i e s l e v e l was not considered necessary. Coulson 
(1956) found one adult female specimen of the genus which was 
probably M.griseus (Meigen). 

The determination of i n s t a r s was done on the b a s i s of 
the maximum diameter of the s p i r a c u l a r d i s c as des c r i b e d by 
Hadley (1971). The l a r v a e were k i l l e d by a quick immersion 
i n hot water and then held f o r examination and measurement by 
p l a c i n g them upright i n a d i s h of very s m a l l g l a s s beads. 

S e v e r a l other genera of s m a l l t i p u l i d l a r v a e were found 
on both the Moor House and Dun F e l l s i t e s . The commonest 
and most l i k e l y to be confused w i t h Molophilus have been 
drawn and described by Horobin (1971). The key of B r i n d l e 
(1967) i s a l s o u s e f u l f o r the s e p a r a t i o n of the genera of 
the B r i t i s h Limoniinae. 

I t was attempted to sample l a r v a l populations at monthly 
i n t e r v a l s throughout the study period, but unfortu n a t e l y some 
gaps have occurred due to periods of inclement weather and 
d i f f i c u l t i e s i n f i n a n c i n g the work. Nevertheless, the records 
are complete from June 1970 which r e p r e s e n t s the l a s t recorded 
work (Horobin 1971). 

S o i l cores were taken randomly from each s i t e . The s u r f a c e 
area of the core used was 1/lOOOsq. metre (shown by Horobin 
(1971) to be the most e f f i c i e n t i n the subsequent e x t r a c t i o n 
p r o c e s s ) . Cores were taken to a depth of 6 cm., M.ater seldom 
oc c u r r i n g below t h i s depth. I n i t i a l l y 26 cores from each s i t e 
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gave reasonable estimates of l a r v a l d e n s i t y but with the 
decrease i n l a r v a l numbers i n the 1971-72 season i t was 
necessary to i n c r e a s e t h i s to 50 cor e s . 

The cores were returned to the labo r a t o r y i n p l a s t i c t r a y s 
and s t o r e d at a temperature c l o s e to t h a t p r e v a i l i n g i n the 
f i e l d . The previous experience of Hadley (1966) and Horobin 
(1971) has shown a dynamic e x t r a c t i o n process using the wet 
funnel method developed by O'Connor (1955, 1962) to be the 
best s u i t e d to the e x t r a c t i o n of M.ater l a r v a e . The use of 
t h i s technique was continued. 

In t h i s method heat i s a p p l i e d from a shaded l i g h t bulb 
to the s o i l , which i s spread on a s e i v e and submerged i n a 
funnel f i l l e d with water, see F i g . 4. The l a r v a e move away 
from the heat and pass down through the s o i l and s e i v e and 
f a l l through the water to be c o l l e c t e d i n an i g n i t i o n tube 
f i t t e d to the funnel base by rubber tubing. L a t e r a l tempera
tu r e g r a d i e n t s are avoided by obtaining a c l o s e f i t between 
the lamp shade and the funnel top, and by operating the 
apparatus i n a draught f r e e room of r e l a t i v e l y constant 
temperature, 

The heat regime i s c o n t r o l l e d by changing the voltage 
to the l i g h t bulbs, using a V a r i a c transformer. Horobin (1971) 
experimented with s e v e r a l heat regimes but concluded t h a t a 
3 hour regime i n v o l v i n g a gradual i n c r e a s e i n voltage from 
100 to 250 with 30 minutes a t 250 v d l t s was the most e f f i c i e n t . 
A steady voltage i n c r e a s e was e f f e c t e d by using a geared 
time c l o c k to advance the v a r i a c . He estimated e f f i c i e n c y 
at 80% and a l l the l a r v a l d e n s i t i e s given i n t h i s study have 
been estimated by t h i s technique and c o r r e c t e d to give 100% 
va l u e s . 

S e v e r a l authors have commented on the importance of using 
only a t h i n l a y e r of s u b s t r a t e i n each funnel (e.g. Dinaburg 
1942; Peaciiey 1962) so the 6 cm. cores taken i n the f i e l d were 
f i r s t d i v i d e d i n t o two 3 cm lengths and each h a l f e x t r a c t e d 
i n seperate f u n n e l s . The 3 cm p i e c e s were f u r t h e r broken down 



F i g . 4 

S e c t i o n a l Drawing of a S i n g l e Unit of 
the wet Funnel E x t r a c t i o n Apparatus, 
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by gently s e p a r a t i n g them i n t o 3 approximately 1 cm t h i c k 
p i e c e s before p l a c i n g them i n the s i e v e s . 

Twenty-six wet funnels were a v a i l a b l e mounted as a 
b a t t e r y i n asbestos board and wired i n p a r a l l e l , t h i s allowed 
13 cores to be e x t r a c t e d at a time. 

On occasions when a severe drop i n l a r v a l numbers was 
recorded from one month to the next the r e s u l t was checked 
using a p e t r o l f l o t a t i o n method o r i g i n a l l y devised by S a l t 
& R o l l i c k (1944), and adapted by Horobin (1971), f o r use 
w i t h M.ater. T h i s method has an estimated 92% e f f i c i e n c y 
but i s too unpleasant i n use and time consuming to be used 
as the main method f o r l a r v a l population e s t i m a t e s , 

5.2,3 The pupal stage 

No d i r e c t measurements of pupal numbers i n the f i e l d 
was p o s s i b l e i n t h i s study, but m o r t a l i t y i n t h i s stage can 
be estimated by comparing the numbers of f o u r t h i n s t a r l a r v a e 
recorded i n A p r i l with the number of a d u l t s taken i n the 
emergence t r a p s i n June. The m a j o r i t y of m o r t a l i t y between 
these two times i s l i k e l y to be due to pupal and emergence 
m o r t a l i t y and i s u s u a l l y s m a l l . 
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5 . 2 . 4 . The a d u l t s t a g e 

H a d l e y ( 1 9 6 6 ) has shown M . a t e r t o be u n i v o l t i n e a t 

Moor H o u s e , w i t h p u p a t i o n t a k i n g p l a c e i n May and t h e a d u l t s 

e m e r g i n g i n l a t e May o r e a r l y J u n e i n a h i g h l y s y n c h r o n i s e d 

m a n n e r , t h e m i d d l e 67% o f t h e e m e r g e n c e o c c u r r i n g i n 5 t o 

7 d a y s . I n b o t h s e x e s t h e w i n g s a r e a b b r e v i a t e d , and 

n e i t h e r i s c a p a b l e o f f l i g h t , c o n s e q u e n t l y i t i s p o s s i b l e t o 

d e t e r m i n e a c c u r a t e l y t h e number o f a d u l t s p e r u n i t a r e a o f 

h a b i t a t . T h i s was done u s i n g a vacuum c l e a n e r u n i t as a 

s u c t i o n a p p a r a t u s t o c o l l e c t a d u l t s f r o m e m e r g e n c e t r a p s . 

Two t y p e s o f e m e r g e n c e t r a p w e r e u s e d . H a d l e y and 

H o r o b i n b o t h used open c y l i n d e r s o f g a l v a n i z e d s t e e l , 
2 

e n c l o s i n g 0 . 0 5 m o f h a b i t a t . These t r a p s w e r e u s e d i n 

t h e p r e s e n t s t u d y on a l l t h e s i t e s f o r t h e 1971 e m e r g e n c e 

p e r i o d and on t h e Moor House s i t e s i n t h e 1972 s e a s o n . 

The t r a p s w e r e f i t t e d f 1 u s h t o t h e g r o u n d s u r f a c e and 

s e c u r e d w i t h s t a k e s , t h e y a r e 35 cm h i g h , t h u s p r e v e n t i n g 

e n t r y o f a d u l t s f r o m t h e s u r r o u n d i n g v e g e t a t i o n and a 

b a n d o f " S t i c t i t e " f r u i t t r e e g r e a s e s m e a r e d a r o u n d t h e 

t o p o f t h e c y l i n d e r p r e v e n t e d any a d u l t s f r o m w a l k i n g 

i n o r o u t . H a d l e y c o n c l u d e d t h a t t h e a l t e r a t i o n i n 

m i c r o c l i m a t e t h a t t h e s e t r a p s p r o d u c e d was n e g l i g i b l e as t h e y 

we re p l a c e d i n p o s i t i o n o n l y a s h o r t t i m e be f o r e t h e e x p e c t e d 

b e g i n n i n g o f e m e r g e n c e . 

I n 1972 on t h e Dun F e l l s i t e s i n v i e w o f t h e l o w l a r v a l 

d e n s i t i e s i t was t h o u g h t n e c e s s a r y t o use a l a r g e r t r a p 

s i z e . T h i s e n s u r e d t h a t t h e r e we re enough s p e c i m e n s f o r 

an a c c u r a t e d e t e r m i n a t i o n o f t h e s e x r a t i o and f o r 

d i s s e c t i o n t o c o u n t egg n u m b e r s . A t r a p was d e s i g n e d 

u s i n g 4 p i e c e s o f g a l v a n i z e d s t e e l 50 cm x 20 cm, t h e s e 
w e r e i n s e r t e d i n t o t h e g r o u n d t o f o r m a box e n c l o s i n g 

2 
0 .24 m o f h a b i t a t . The p i e c e s w e r e i n s e r t e d i n t o t h e 

g r o u n d so t h a t a b o u t 7 cm was b e l o w t h e s u r f a c e and 13 

cm a b o v e . The box was t i e d r o u n d t h e o u t s i d e w i t h s t r o n g 

c o r d and s t a k e d on o p p o s i t e s i d e s t o g i v e i t r i g i d i t y and 
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to prevent the p o s s i b i l i t y of removal by sheep. The i n s i d e 
corners were s e a l e d with 5 cm wide masking tape and a band of 
* S t i c t i t e * put round the top edge of the t r a p . I n view of the 
height of t h i s t r a p i t was necessary to t r i m v e g e t a t i o n i n s i d e 
and out to prevent a c c e s s and escape of the a d u l t s . The numbers 
of t r a p s used on each s i t e was v a r i e d according to the popu
l a t i o n and the demands of the study. A l l t r a p s were p o s i t i o n e d 
randomly, 

The s u c t i o n apparatus used c o n s i s t e d of a *Hoover Dustette' 
vacuum c l e a n e r operated at 240 v o l t s A,C. by a Honda E IV 
300 portable generator. The i n s e c t s were trapped i n a piece of 
muslin spread over the nozzle of the vacuum and secured there 
with an e l a s t i c band. Obviously c o n s i d e r a b l e amounts of plant 
d e b r i s are a l s o picked up, but the m a t e r i a l i n the muslin was 
roughly s o r t e d on the s i t e , and i f Molophjjlus were present the 
d e b r i s was s t o r e d i n l a b e l l e d bags to be s o r t e d on r e t u r n i n g to 
the l a b o r a t o r y . Each t r a p was vacuumed on each occasion u n t i l 
no more Molophilus were found i n the plant d e b r i s . 

Hadley (1966) showed that n e a r l y the whole d a i l y emergence 
occurred between dawn and 12.00 G.M.T., sampling was t h e r e f o r e , 
done i n the e a r l y afternoon and except i n c o n d i t i o n s of 
extremely bad weather was done d a i l y . 

In a d d i t i o n to the s u c t i o n sampling of the study s i t e s , 
a s e r i e s of 10 p i t f a l l t r a p s were maintained at each s i t e . T h i s 
gave an a d d i t i o n a l measure of the emergence of M.ater and a l s o 
g i v e s an i n d i c a t i o n of a d u l t a c t i v i t y . Each t r a p c o n s i s t e d of 
a jam j a r sunk into the ground so that i t s rim i s f l u s h with 
the ground s u r f a c e . A weak detergent s o l u t i o n was placed i n 
each j a r to wet the i n s e c t s and prevent them escaping. 
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5 . 3 . R e s u l t s and D i s c u s s i o n 

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

have been l a i d o u t i n t h e f o r m o f l i f e t a b l e s i n A p p e n d i c e s 

I I and I I I . The u s u a l c r i t e r i a o f d e n s i t y i n numbers 

l i v i n g p e r s q u a r e m e t r e and t h e p e r c e n t a g e m o r t a l i t y a r e 

g i v e n . The v a l u e s f o r m o r t a l i t y have been c a l c u l a t e d by 

s u b t r a c t i n g s u c c e s s i v e d e n s i t y e s t i m a t e s . Sex r a t i o s have 

a l s o been c o n s i d e r e d as a m o r t a l i t y f a c t o r and r e d u c t i o n 

i n f e c u n d i t y has been e x p r e s s e d i n t h e l i f e t a b l e by 

c a l c u l a t i n g t h e number o f f e m a l e s o f maximum mean f e c u n d i t y 

( e . g . f o r t h e P e a t y P o d s o l s i t e b e t w e e n 1965 and 1972 i t 

was 9 3 ) , t h a t w o u l d be r e q u i r e d t o p r o d u c e t h e same number 

o f eggs i n t o t h e n e x t g e n e r a t i o n . T h i s p r a c t i c e was a l s o 

a d o p t e d by Klomp ( 1 9 6 6 ) . 

T h u s : D e n s i t y o f Sl (9 3) = No. o f eggs l a i d 

93 

I t i s r e c o g n i s e d t h a t i n t h e l i f e t a b l e s any one 

d e v e l o p m e n t a l s t a g e does n o t have a m o n o p o l y o f any g i v e n 

m o n t h , b u t t h e s t a g e i n d i c a t e d r e p r e s e n t s t h e m a j o r i t y 

p r e s e n t a t t h a t t i m e . The egg s t a g e has been t a k e n as t h e 

b a s i s o f each g e n e r a t i o n . The most n o t a b l e f e a t u r e o f t h e 

1 9 7 0 - 7 1 and t h e 1 9 7 1 - 7 2 p o p u l a t i o n s i s t h a t o v e r t h e s e two 

s e a s o n s t h e r e has been a marked d e c l i n e i n t h e numbers o f 

M . a t e r on a l l s i t e s , w i t h t h e e x c e p t i o n o f t h e B l a n k e t Bog . 

I n T a b l e 11 t h e a d u l t p o p u l a t i o n s o f each s i t e i n 1971 and 

1972 a r e compared w i t h t h e mean a d u l t p o p u l a t i o n o f t h e 

p r e v i o u s y e a r s i n w h i c h t h e s i t e has been s t u d i e d . These 

changes i n p o p u l a t i o n s f r o m one y e a r t o t h e n e x t r e v e a l a 

s i t u a t i o n i n t h e p o p u l a t i o n b i o l o g y o f t h e s p e c i e s w h i c h i s 

d i f f e r e n t f r o m t h a t e n v i s a g e d by H a d l e y and f u r t h e r s u p p o r t e d 

by H o r o b i n ' s r e s u l t s whe re M . a t e r p o p u l a t i o n s a p p e a r e d 

r e l a t i v e l y c o n s t a n t f r o m y e a r t o y e a r , t h o u g h i t was n o t e d 

t h a t no e x c e p t i o n a l l y h a r s h c l i m a t i c c o n d i t i o n s had p r e v a i l e d 

d u r i n g t h e i r s t u d y p e r i o d s . 

H o r o b i n ( 1 9 7 1 ) u s i n g h i s and H a d l e y ' s p o p u l a t i o n f i g u r e s 

was a b l e t o draw up c o m p l e t e age s p e c i f i c l i f e t a b l e s f o r t h e 
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v a r i o u s s i t e s . U s i n g t h e key f a c t o r a n a l y s i s m e t h o d o f 

V a r l e y & G r a d w e l l ( 1 9 6 0 ) he c o m p a r e d t h e age i n t e r v a l m o r t a l i t y 

r a t e s ( k ) w i t h t h e g e n e r a t i o n m o r t a l i t y ( K ) f o r b o t h t h e P e a t y 

P o d s o l and P e a t y G l e y s i t e s f o r w h i c h he had s i x y e a r s d a t a 

a v a i l a b l e . The a n a l y s e s c o n c l u d e d t h a t a t b o t h s i t e s egg and 

f i r s t i n s t a r m o r t a l i t y i s t h e key f a c t o r , i . e . t h e one t h a t 

a c c o u n t s f o r t h e m a i n f l u c t u a t i o n s i n p o p u l a t i o n s i z e . When 

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

f o r a b o u t 90% o f t h e v a r i a t i o n i n g e n e r a t i o n m o r t a l i t y f r o m 

y e a r t o y e a r . H i s s t u d i e s on t h e Dun F e l l s i t e s a l s o i n d i c a t e d 

t h e i m p o r t a n c e o f m o r t a l i t y i n t h e egg and e a r l y l a r v a l s t a g e s 

and he p o s t u l a t e d i n f e r t i l i t y and d e s i c c a t i o n as t h e key 

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

w h i c h he s u s p e c t e d t o be o p e r a t i n g i n a d e n s i t y d e p e n d e n t 

m a n n e r . The o t h e r age i n t e r v a l m o r t a l i t i e s when r e l a t e d t o 

g e n e r a t i o n m o r t a l i t y w e r e shown t o have l i t t l e i m p o r t a n c e i n 

t h e p o p u l a t i o n d y n a m i c s o f M . a t e r . H o w e v e r , c o n s i d e r a t i o n o f 

i n d i v i d u a l s i t e s and y e a r s d i d r e v e a l one o r t w o d i v e r g e n c e s 

f r o m t h e g e n e r a l t r e n d and H o r o b i n n o t e d t h a t p u p a t i o n a n d 

e m e r g e n c e m o r t a l i t y was p a r t i c u l a r l y h i g h i n 1969 on t h e 

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

as a s e c o n d a r y key f a c t o r . A l s o i n 1969 t h e G l e y s i t e 

s u f f e r e d an u n u s u a l l y h i g h o v e r w i n t e r m o r t a l i t y . 

I n t h e p r e s e n t s t u d y w h e r e a l l t h e s i t e s h a v e s u f f e r e d 

a d e c r e a s e i n p o p u l a t i o n , t h i s has n o t been a t t r i b u t a b l e t o 

any s i n g l e c a u s e , and i n d e e d t h e s t a g e and t i m e o f t h e d r o p 

i s n o t t h e same f o r each s i t e . From t h e l i f e t a b l e s i n t h e 

a p p e n d i x I I i t has b e e n p o s s i b l e t o c a l c u l a t e age i n t e r v a l m o r 

t a l i t y r a t e s ( k ) f o r a l l t h e s i t e s d u r i n g t h e 1 9 7 0 - 7 1 and 

1 9 7 1 - 7 2 s e a s o n s . I n F i g u r e 5 t h e s e m o r t a l i t y r a t e s a r e com

p a r e d w i t h t h e mean m o r t a l i t y r a t e f o r t h e same s t a g e s i n 

t h e y e a r s p r i o r t o 1970 when t h a t s i t e was u n d e r s t u d y . The 

r e s u l t s a r e e x p r e s s e d as d i v e r g e n c e f r o m t h e mean k o f 

p r e v i o u s y e a r s . D e p a r t u r e f r o m z e r o above t h e l i n e i n d i c a t e s 

r e d u c e d m o r t a l i t y and b e l o w t h e l i n e i n c r e a s e d m o r t a l i t y . From 

t h e h i s t o g r a m s i t i s p o s s i b l e t o o b s e r v e w h e r e t h e a b n o r m a l 

m o r t a l i t i e s , r e s p o n s i b l e f o r p o p u l a t i o n d e c l i n e a t any s i t e , 

have o c c u r r e d . 



F i g . 5 

A comparison of age i n t e r v a l m o r t a l i t y r a t e s f o r 
M.ater at the Moor House and Dun F e l l s i t e s i n the 
1970-71 and 1971-72 seasons, with the mean age 
i n t e r v a l m o r t a l i t y r a t e s from previous s t u d i e s . 
k = age i n t e r v a l m o r t a l i t y r a t e 
n.d. = November/December 
m.a. = March/April 
A. = adult 
s . r . = sex r a t i o 
f e e . = fecundity 
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Though no s i n g l e f a c t o r or event was r e s p o n s i b l e f o r 
the d e c l i n e i n M.ater populations over the study period, some 
general c o n c l u s i o n s can be drawn on the population dynamics 
of the s p e c i e s that have not been brought out i n the previous 
s t u d i e s , when populations remained r e l a t i v e l y c onstant. 

One of the most s t r i k i n g f e a t u r e s i s the very high 
m o r t a l i t i e s t h at have occurred between the sampling of the 
fourth i n s t a r l a r v a e i n A p r i l and May, and the time of the 
adult emergence i n June. T h i s has been the major f a c t o r i n 
the d e c l i n e of s e v e r a l of the s i t e s . No abundance of pre
dators l i k e l y to cause such m o r t a l i t i e s was noted i n the 
f i e l d , and no evidence of p a r a s i t i s m or d i s e a s e was seen i n 
any of the l a r g e number of pupae examined i n the l a b o r a t o r y . 
The most l i k e l y cuase of these m o r t a l i t i e s i s thought to be 
c l i m a t i c , pupation takes place very c l o s e to the ground 
s u r f a c e , and consequently the pupae are exposed to the 
weather c o n d i t i o n s a t that l e v e l . The pupa would seem par
t i c u l a r l y vunerable at two d i f f e r e n t stages of i t s development 
F i r s t l y , j u s t at the point of pupation when the pupa i s very 
d e l i c a t e , i t takes about 2 days f o r the c u t i c l e to harden,at 
f i e l d temperatures, and i t may be that there i s a danger of 
d e s s i c a t i o n under very dry c o n d i t i o n s . Secondly, at the 
point of emergence i t i s thought that very wet c o n d i t i o n s may 
prevent s u c c e s s f u l emergence. T h i s theory i s backed up by 
lab o r a t o r y observations, where pupae kept on s a t u r a t e d f i l t e r 
paper would develop normally up u n t i l the time when emergence 
was due, but f a i l e d to emerge though they would s u r v i v e f o r 
a day or two past t h e i r emergence time. I t i s thought that 
the second of these p o s s i b i l i t i e s may have been r e s p o n s i b l e 
fo r the very high pupal m o r t a l i t i e s recorded i n 1971 and 
1972, as i n both these years the emergence period was 
e x c e p t i o n a l l y wet. 

Obviously the suggestions made can only be t e n t a t i v e 
and to form any d e f i n i t e c o n c l u s i o n s there i s a need f o r 
f u r t h e r experimentation. A study of pupal emergence and 
development i n r e l a t i o n to c o n t r o l l e d r e l a t i v e h u m i d i t i e s 
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s h o u l d r e v e a l w h e t h e r t h i s i s an i m p o r t a n t f a c t o r i n p u p a l 
m o r t a l i t y . I t i s > h o w e v e r , c l e a r t h a t p u p a l m o r t a l i t y can 
p l a y a v e r y i m p o r t a n t p a r t i n g e n e r a t i o n m o r t a l i t y i n some 
s e a s o n s . 

A n o t h e r f a c t o r t h a t has u n d o u b t e d l y c o n t r i b u t e d t o p o p u 

l a t i o n d e c l i n e o v e r t h e p e r i o d 1 9 7 0 - 7 2 i s t h a t o f h i g h m o r 

t a l i t y i n t h e egg and e a r l y i n s t a r s t a g e s . H o r o b i n ( 1 9 7 1 ) i n 

n o t i n g t h i s as t h e key f a c t o r d e t e r m i n i n g p o p u l a t i o n n u m b e r s , 

showed t h a t e g g , 1 s t and 2nd i n s t a r m o r t a l i t y o p e r a t e d i n a 

dens 1 t y d e p e n d e n t m a n n e r . I t mi g h t , t h e r e f o r e , have been 

e x p e c t e d t h a t w i t h p o p u l a t i o n s a t t h e i r l o w l e v e l i n 1 9 7 0 - 7 2 , 

t h a t m o r t a l i t y i n t h e e a r l y s t a g e s w o u l d have been r e d u c e d . 

T h i s i n f a c t has n o t o c c u r r e d and m o r t a l i t y h e r e has been as 

h i g h o r h i g h e r t h a n i n p r e v i o u s y e a r s , see T a b l e Al 1n 

a p p e n d i x I I I . 

H o r o b i n when c o n s i d e r i n g t h e c a u s e s o f t h i s m o r t a l i t y 

s u g g e s t e d t h r e e c o n t r i b u t o r y f a c t o r s , i n f e r t i 1 i t y , d e s i c c a t i o n , 

and p r e d a t i o n . He t h o u g h t t h a t p r o b a b l y o n l y t h e p r e d a t o r y 

f a c t o r was d e n s i t y d e p e n d e n t . I t i s t h o u g h t t h a t u n d e r t h e 

c o n d i t i o n s p r e v a i l i n g o v e r t h e 1 9 7 0 - 7 2 p e r i o d , i t i s u n l i k e l y 

t h a t any o f t h e s e f a c t o r s has been r e d u c e d and t h a t t h i s i s 

w h a t has c a u s e d t h e v e r y h i g h m o r t a l i t i e s r e c o r d e d . 

I n r e g a r d t o p r e d a t i o n , numerous s p e c i e s o f s m a l l a r t h r o 

pods and n e m a t o d e s a r e s u s p e c t e d o f b e i n g i n v o l v e d . W i t h t h e 

p o p u l a t i o n s o f H . a t e r h a v i n g been f a i r l y c o n s t a n t o v e r s e v e r a l 

y e a r s i t seems l i k e l y t h a t p r e d a t o r p o p u l a t i o n s may h a v e been 

i n b a l a n c e , t h e s u d d e n f a l l i n M . a t e r p o p u l a t i o n c o u l d mean 

r a t h e r h e a v i e r p r e d a t i o n u n t i l p o p u l a t i o n s o f p r e d a t o r s r e 

a d j u s t . A l s o i n b o t h 1971 and 1972 t h e w i n t e r s w e r e e x t r e m e l y 

m i l d . M . a t e r I s known t o be u n d e r l i t t l e p r e s s u r e f r o m t h e 

s e v e r e Moor House w i n t e r c l i m a t e , b u t 1 t may be t h a t p r e d a t o r y 

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

n u m b e r s . The w h o l e q u e s t i o n o f p r e d a t i o n h o w e v e r i s r a t h e r 

h y p o t h e t i c a l , and t h e r e i s a need f o r t h e p o s i t i v e i d e n t i 

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

t h e i r p o p u l a t i o n d y n a m i c s . 
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M o r t a l i t y due t o d e s i c c a t i o n may w e l l have been h i g h 

i n b o t h 1 9 7 0 , when r a i n f a l l i n May was e x c e p t i o n a l l y l o w , 

and l ow a g a i n i n June and i n 1 9 7 1 , when J u l y r a i n f a 1 1 was 

e x c e p t i o n a l l y l o w . T h a t d e s i c c a t i o n can be o f i m p o r t a n c e 

as a m o r t a l i t y f a c t o r i n an a r e a o f s u c h h i g h r a i n f a l l as 

t h e Moor House R e s e r v e w o u l d a t f i r s t seem u n l i k e l y . The 

r a t i o o f p o t e n t i a l e v a p o r a t i o n t o r a i n f a l l r e c o r d e d a t t h e 

Moor House f i e l d s t a t i o n r a r e l y d r o p s b e l o w u n i t y when c o n 

s i d e r e d on a m o n t h l y b a s i s . The use o f t h e m o n t h l y 

mean h o w e v e r d i s r e g a r d s day t o day v a r i a t i o n s , w h i c h may 

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

Green & M i l l a r w r i t i n g i n t h e Moor House f i f t e e n y e a r 

r e p o r t o v e r c a m e t h i s p r o b l e m by c a l c u l a t i n g w a t e r d e f i c i t 

on a p e n t a d e (5 d a y ) b a s i s , and showed t h a t o v e r t h e y e a r s 

1 9 5 7 - 6 6 d u r i n g t h e mon ths A p r i l t o S e p t e m b e r o n l y 8 mon ths 

l a c k e d a p e n t a d e w i t h a w a t e r d e f i c i t , w h e r e a s on a m o n t h l y 

mean b a s i s o n l y 7 m o n t h s d u r i n g t h e same p e r i o d showed a 

d e f i c i t . The same a u t h o r s a l s o n o t e d t h e o c c a s i o n a l o c c u r -

r a n c e o f v e r y l o w h u m i d i t i e s o f •'ClO^ a t Moor H o u s e . I t 

w o u l d , t h e r e f o r e , seem l i k e l y t h a t t h e eggs and e a r l y i n s t a r s 

o f M o l o p h i 1 us l i v i n g n e a r t h e g r o u n d s u r f a c e may w e l l be 

e x p o s e d t o t h e p o s s i b i l i t y o f d e s i c c a t i o n . 

The p o s s i b i l i t y o f an i n c r e a s e i n egg i n f e r t i l i t y o v e r 

t h e s t u d y p e r i o d i s a l s o t h o u g h t t o be a r e a l o n e . The 

d e t a i l s o f t h e a d u l t e m e r g e n c e s i n 1971 and 1972 have been 

g i v e n i n T a b l e s 12 & 13 r e s p e c t i v e l y . B o t h mean and m e d i a n 

d a t e s a r e g i v e n a l o n g w i t h t h e s t a n d a r d d e v i a t i o n and 

s t a n d a r d e r r o r o f t h e mean , and t h e number o f i n d i v i d u a l s 

on w h i c h results a r e b a s e d . 

The s t a r t o f t h e e m e r g e n c e i n b o t h y e a r s was e a r l y due 

t o good w e a t h e r i n e a r l y May. The o r d e r o f e m e r g e n c e o f t h e 

s i t e s i n 1971 was t h e same as t h a t r e c o r d e d by H o r o b i n , b u t 

i n 1972 t h e 1 7 0 0 ' e m e r g e n c e p r e c e d e d t h a t o f t h e P e a t y P o d s o l 

s i t e . The mos t n o t a b l e f e a t u r e o f b o t h y e a r s ' e m e r g e n c e 

p e r i o d s h o w e v e r was t h e t i m e t a k e n b e t w e e n t h e f i r s t and 

l a s t ' s i t e s t o e m e r g e , H o r o b i n ( 1 9 7 1 ) r e c o r d s i t as 13 days 
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Table 12 

Mean and Median dates of emergence at the Moor House 
and Dun F e l l s i t e s i n 1971. 

S i t e Median 
date 

Mean date S.D, S.E. No. of a d u l t s 

1400 f t . 16 May 17 May 2.75 0.13 480 

2050 f t . 22 May 23 May 3.43 0.79 19 

Peaty 
Podsol 

28 May 28 May 3.70 0.34 121 

1700 f t 1 June 1 June 2.76 0.25 118 

1900 f t . 31 May 2 June 2.55 0.36 51 

Peaty 
Gley 

3 June 3 June 3.82 0.44 76 

2700 f t 9 June 

Blanket 11 June 
Bog 

9 June 

12 June 

3.70 0.32 

4,56 0.57 

132 

63 
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Table 13 
Mean and Median dates of emergence at the Moor House 
and Dun F e l l s i t e s i n 1972. 

S i t e Median 
date 

Mean date S.D. S.E. No. of Adults 

1400 f t . 

2050 f t 

1700 f t . 

Peaty 
Podsol 

20 May 

5 June 

7 June 

8 June 

20 May 

4 June 

7 June 

8 June 

2.32 0.12 

6.03 0.60 

5.28 0.25 

4.55 0.53 

367 

102 

443 

75 

1900 f t 8 June 8 June 2.93 0.20 210 

Peaty 
Gley 

10 June 10 June 2.70 0.26 109 

2700 f t . 

Blanket 
Bog 

16 June 

27 June 

16 June 

27 June 

1.14 0.12 

4.56 0.34 

96 

176 
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i n 1969 and 17 days i n 1970. I n 1971 i t was 23 days, and 
in 1972 27 days, with the Blanket Bog s i t e emergence 
e x c e p t i o n a l l y l a t e and continuing i n t o J u l y , Two standard 
d e v i a t i o n s on the meai emergence date g i v e s the duration of 
the middle 68% of the emergence, and t h i s was recorded by 
both Hadley and Horobin as l a s t i n g between 5 and 7 days. 
I n Tab^e A2 i n the Appendix the number of days taken f o r 
the middle 68% emergence a t a l l the s i t e s over the period 
1967-72 a r e given. I t i s n o t i c a b l e t h a t i n 1971 and 1972 
the time taken i s i n general longer than i s u s u a l , and a t 
some s i t e s the emergence has been extremley prolonged, e.g. 
the 2050' s i t e i n 1972 where the duration of the middle 
68% of the adult emergence was i n excess of 12 days. T h i s 
p a r t i a l breakdown of the synchrony of the a d u l t emergence, 
i n a year when populations were already low and catches i n 
the p i t f a l l s i n d i c a t e d t h a t there was very l i t t l e a d u l t 
a c t i v i t y , must have reduced the chances of a d u l t s mating, 
which i s dependant on chance meetings, c o n s i d e r a b l y . 

I t i s thought t h a t both the prolongation of the emergence 
period and the l a c k of a d u l t a c t i v i t y were due to the c o l d 
and wet c o n d i t i o n s t h a t p r e v a i l e d during the 1971 and 72 
emergence per i o d s . 

Overwinter m o r t a l i t y was considered by Horobin (1971) 
t o be of l i t t l e importance i n population r e g u l a t i o n i n M.ater, 
though he did note i t s o c c a s i o n a l occurrence a t a high l e v e l . 
G e n e r a l l y overwinter m o r t a l i t y i s low and M.ater appears not 
to be under great s t r e s s from the Moor House win t e r c l i m a t e . 
No explanation can a s yet be given f o r the o c c a s i o n a l high 
m o r t a l i t i e s over t h i s period-

I n Table A3 i n the appendix the f e c u n d i t y recorded a t 
a l l s i t e s f o r a l l the years s t u d i e d are given, Horobin (1971) 
by p l o t t i n g the r e l a t i o n s h i p between the number of i n s t a r 
IV l a r v a e i n s p r i n g , and the mean fec u n d i t y of newly emerged 
females f o r each s i t e , concluded that a dens i t y dependant 
re d u c t i o n i n f e c u n d i t y was operating. With the present 



- 48 -

popula t ion f i g u r e s i t might, t h e r e f o r e , have been expected 
that f ecund i ty would be h i g h . Th is has not in f a c t occurred 
and the f e c u n d i t i e s recorded in 1971 and 1972 are g e n e r a l l y 
very low, and i t appears tha t the r e l a t i o n s h i p does not hold 
where popula t ions are below 500 per s q . m.. The reasons f o r 
these low f e c u n d i t i e s recorded wi th low populat ion l e v e l s 
i s not c l e a r , i t i s u n l i k e l y tha t food a v a i l a b i l i t y could be 
a l i m i t i n g f a c t o r at these l e v e l s , as the s i t e s have a l l 
p r e v i o u s l y supported much l a r g e r p o p u l a t i o n s , and c u l t u r e 
s t u d i e s i n d i c a t e t h a t l a r v a e w i l l grow normal ly even in very 
smal1 peat samples . However, i t i s known that the 1 a r g e r 
l a r v a e produce female a d u l t s and Horobin (1971) demonstrated 
a r e l a t i o n s h i p between i n c r e a s e d weight and i n c r e a s e d 
f e c u n d i t y . I t may be tha t one or more of the m o r t a l i t i e s 
tha t have occurred has been s e l e c t i v e a g a i n s t the l a r g e r 
l a r v a e or pupae, a f u r t h e r p r o j e c t may be j u s t i f i a b l e to 
t e s t t h i s . 

From the histograms ( F i g u r e 5) sex r a t i o (k7) has shown 
i t s e l f to be r a t h e r v a r i a b l e from y e a r to y e a r , and at some 
s i t e s has c o n t r i b u t e d to the popula t ion d e c l i n e . A preponder
ance of males i s general amongst the T i p u l i dae, (Barnes 
1937, Hemmingsen 1956, Coulson 1962, Freeman 1964) and 
Hadley (1966 ) , recorded a mean of 64% of males in h i s s t u d i e s 
on H . a t e r . In the Appendix Table A4 g ives the sex r a t i o s 
recorded throughout the 8 y e a r s s t u d i e s on the Moor House 
R e s e r v e . The r a t i o has v a r i e d w i t h i n the range 42% ( 2 , 0 5 0 ' 
1970-71) to 85% (Peaty Gley 1970-71) ma les . The 42% i s a 
s i n g l e occurrence of a preponderance of f e m a l e s , but as t h i s 
f i g u r e i s based on a sample of only 51 adu l ts not too much 
s t r e s s can be l a i d on i t ( S . E . = 6 .9%). 

As ye t no reason or c o n t r o l l i n g f a c t o r r e s p o n s i b l e fo r 
the f l u c t u a t i o n s of sex r a t i o from y e a r to y e a r and s i t e to 
s i t e has been found. 

In August 1972 a l l the s i t e s under study were resampled 
in order to judge whether any recovery of the populat ion was 
l i k e l y to occur in the 1972-73 s e a s o n . The l a r v a e were 
mostly in i n s t a r I I and the popula t ions are given in the 
l i f e t a b l e s . Almost a l l the s i t e s showed a lower l a r v a l 
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d e n s i t y than recorded at a s i m i l a r time in the prev ious 
y e a r , though i t i s p o s s i b l e that i f there i s l i t t l e m o r t a l i t y 
between sampling and emergence, some recovery w i l l have been 
made. At the 2,700 f t . s i t e no second i n s t a r l a r v a e were 
found in 52 sample cQTes taken in August 1972, thus the 
populat ion at t h i s s i t e appeared to have been v i r t u a l l y wiped 
out . However, these samples in August 1972 from the 
2,700 f t . s i t e d idyeveal a very c o n s i d e r a b l e r e s i d u e of 
i n s t a r IV l a r v a e (173 - 59 per s q . metre) a c r o s s the 52 
samples and as the i n s t a r IV l a r v a l populat ion recorded 
in the samples taken from the s i t e on 25 A p r i l 1972 was only 
140 - 85 per s q , metre i t would appear that there has been 
an almost complete f a i l u r e to pupate here and that t h i s i s 
another f a c t o r in the populat ion d e c l i n e . Cons iderab le 
numbers of these l a r v a e were kept in c u l t u r e to see i f 
they would s u r v i v e through in to 1973 to produce a d u l t s , 
but they fo l lowed the same fa te as the normal res idue 
(5% - 10%) of i n s t a r IV l a r v a e and a l l had died o f f p r i o r 
to January 1973. 

The quest ion of how recovery can now take p lace on these 
s i t e s where the populat ions have reached such a low l e v e l 
tha t even in i d e a l c o n d i t i o n s s u c c e s s f u l matings may be 
few i s extremely i n t e r e s t i n g . Cragg (1961) summarising 
much of the prev ious work at Moor House made some general 
observa t ions on the d i s t r i b u t i o n and r e g u l a t i o n of animal 
numbers at Moor House. He cons idered c l i m a t e to be the 
major f a c t o r r e s p o n s i b l e fo r the l o c a l dep le t ion or 
e x t i n c t i o n of animal p o p u l a t i o n s , but s t r e s s e d the 
importance of the he terogene i ty of the moorland environment 
in p r e s e r v i n g pockets of a s p e c i e s which w i l l r e c o l o n i z e 
the depleted areas on the re turn of favourab le c o n d i t i o n s . 

Coulson (1961) s tudying the b io logy of T i p u1 a s ubnodi-
c 0 r n i s d e s c r i b e d how in 1 955 a drought extending over the 
egg and f i r s t i n s t a r s tages were r e s p o n s i b l e for the v i r t u a l 
e x t i n c t i o n of the s p e c i e s over c o n s i d e r a b l e areas of the moor 
On Sphagnum bog, however, popula t ions were only reduced to 
about h a l f and l a t e r sampl ing , 1962, of the depleted areas 
showed populat ions to have recovered to t h e i r pre-1956 l e v e l . 
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The populat ions of M.ater appeared not to f i t in with 
t h i s pa t te rn fo r the Peaty Gley and Peaty Podsol s i t e s s t u d i e d 
by Horobin and Hadley fo r s i x years had shown remarkably 
constant p o p u l a t i o n s , and Horobin (1971) had shown d e n s i t y 
dependent f a c t o r s at work in populat ion r e g u l a t i o n s . However, 
between 1970 and 1972 i t seems that a s e r i e s of c l i m a t i c 
f a c t o r s have p r e v a i l e d tha t have produced a severe d e p l e t i o n 
of M.ater on the Juncus sguar rosus moor at Moor House. In 
a s i m i l a r way to C o u l s o n ' s 1956 records fo r T .subnodi corn i s 
the Blanket Bog (the w e t t e s t s i t e ) has maintained i t s popu
l a t i o n at a normal l e v e l . I t i s d i f f i c u l t however to 
imagine how an i n s e c t with as l i m i t e d a m o t i l i t y as M.ater 
can move out from these r e s e r v o i r a reas to r e c o l o n i z e the 
Juncus moor, much of which i s not a d j a c e n t to a Blanket Bog 
a r e a . I t i s to be hoped t h a t populat ion o b s e r v a t i o n s can be 
cont inued on some s i t e s to see how long i t takes and by what 
methods populat ion numbers can I n c r e a s e again to reach t h e i r 
former l e v e l s . 
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5.4 POPULATION STUDIES ON BLANKET BOG 

5.4.1 The s t u d i e s on Molophilus a t e r a t Moor House have been 
centred on the Juncus squarrosus v e g e t a t i o n a r e a s . T h i s 
however i s not the dominant v e g e t a t i o n type on the r e s e r v e , 
which i s e x t e n s i v e l y covered w i t h a Blanket Bog v e g e t a t i o n i n 
which C a l l u n a v u l g a r i s , Eriophorum vaginaturn and Sphagum sp, 
are the dominant s p e c i e s . Both Hadley and Horobin maintained 
a s i n g l e s i t e on the Blanket Bog near Bog End and t h i s was 
noted to support a low but f a i r l y constant population of M.ater 
In the present study s e v e r a l other s i t e s were s e t up on the 
Bog w i t h a view to comparing populations over the Bog i t s e l f , 
and a more i n t e n s i v e study was made of the Bog End s i t e to 
determine i f the l a r v a e showed any d i s t i n c t p reference f o r 
any of the three m i c r o h a b i t a t s a f f o r d e d by the three dominant 
ve g e t a t i o n s p e c i e s . 

5.4.2 S i t e s , techniques and r e s u l t s 

The s i t e s used a r e d e s c r i b e d f u l l y i n S e c t i o n 2-2, S i x 
s i t e s were involved, i n c l u d i n g the Bog End s i t e of Hadley 
and Horobin. The l a r v a l populations only were sampled and 
the technique used was the same as i n S e c t i o n 5.2 with 1/toOO 
sq. metre cores taken randomly. 

Three of the s i x s i t e s were sampled on two o c c a s i o n s . 
18th October, 1971 and 23rd A p r i l , 1972, and the other three 
s i t e s were sampled only on the l a t e r date. The numbers of 
l a r v a e obtained i n numbers per square metre a r e giv e n i n 
Table 14 , The f i g u r e s i n b r a c k e t s i n d i c a t e the number of 
cores on which the d e n s i t y estimate i s based. 
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Between the dates 18 October 1971 and 23 A p r i l 1972 
the Blanket Bog s i t e at Bog End was sampled on 9 s e p a r a t e 
o c c a s i o n s . On each occas ion p r i o r to e x t r a c t i o n each core 
was c l a s s i f i e d accord ing to the dominant vegeta t ion or 
l i t t e r which i t c o n t a i n e d . In t h i s p a r t i c u l a r study at 
Bog End only the top 2 c e n t i m e t r e s of the usual 6 cm core 
was c o n s i d e r e d , t h i s part''^bel leved to be where most 

A 
M.ater a c t i v i t y takes p l a c e , and seemed l i k e l y to be where 
the I n f l u e n c e of vegeta t ion may be seen most c l e a r l y . 
Three d i s t i n c t vegeta t ion or l i t t e r types of sample were 
i d e n t i f i a b l e . There were those c o n t a i n i n g Sphagnum, 
which was u s u a l l y s t i l l a c t i v e l y growing r a t h e r than l i t t e r ; 
those c o n t a i n i n g mainly E.vaginatum l i t t e r and those 
c o n s i s t i n g of C . v u l g a r l s rema ins . A f o u r t h , l e s s d i s t i n c t , 
core type was denoted as "mixed" where cores did not c o n s i s t 
of v i r t u a l l y pure vegeta t ion or l i t t e r . 

The mean d e n s i t i e s of M.ater l a r v a e recorded over the 
per iod are given in Table 15 . 
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Table 15. 

The d e n s i t i e s of i l . a t e r l a r v a e i n 4 mi c r o h a b i t a t s 
i n Blanket Bog at Bog End, 1971-72. Sample s i z e s are 
given i n p a r e n t h e s i s . 

Nos. per sq. Metre + S.E 

Sphagnum Cal l u n a Mixed Eriophorum 

Oct./Nov. 250+65 
(48) 

285+85 
(28) 

807+151 
(26) 

740+164 
(27) 

Dec./Jan, 185+74 
(27) 

105+70 
(19) 

115+63 
(26) 

333+136 
(12) 

Mar./April 37+35 
(27) 

38+38 
(26) 

233+90 
(30) 

285+120 
(14) 

% M o r t a l i t y 
O c t . / A p r i l 

85% 87% 71% 61% 
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5 . 4 . 3 . D i s c u s s i o n 
M.ater l a r v a e were recorded on a l l s i x of the B lanke t Bog 

s i t e s sampled, i n d i c a t i n g tha t the s p e c i e s i s e x t e n s i v e in i t s 
coverage of t h i s h a b i t a t , though Hadley (1966) did record tha t 
the s p e c i e s did not occur on eroding peat a r e a s . Popula t ion 
l e v e l s however do vary from s i t e to s i t e as has been shown 
fo r the J uncus squarrosus dominated a r e a s . The b lanket bog 
s i t e at Bog End appears to support a populat ion h igher than i s 
general fo r such areas and on the 23rd A p r i l 1972 the House 
H i l l s i t e had a populat ion t h a t was not s i g n i f i c a n t l y lower . 
On the 18th October 1972 the Bog End and Troutbeck s i t e s 
supported s i m i l a r p o p u l a t i o n s . Mor ta l i t y between then and the 
Apr i l sampling was c o n s i d e r a b l y h igher at Troutbeck than at 
Bog End , no exp lana t ion can be o f f e r e d , but i t i s i n t e r e s t i n g 
to note tha t d i f f e r e n t and very high m o r t a l i t i e s can occur 
on the b lanket bog. 

The M.ater populat ion recorded in the Larchpole Pine 
p l a n t a t i o n near Bog End i s the lowest in the Bog a r e a , t h i s s i t e 
had been dressed with f e r t i l i s e r p r i o r to t ree p l a n t i n g , 
but the r a i s i n g of i t s n u t r i e n t s t a t u s does not appear to have 
favoured M.ater . S i m i l a r l y , another a r e a , high in n u t r i e n t 
with l imestone bed rock o c c u r r i n g c l o s e to the s u r f a c e , at 
Knock F e l l , and which i s J . s q u a r r o s u s dominated was found not 
to support a populat ion of M.ater when p i t f a l l t r a p s were 
operated there in the 1971-72 adul t s e a s o n . I t may be that 
the s p e c i e s i s p a r t i c u l a r l y we l l adapted to s u r v i v a l under low 
n u t r i e n t c o n d i t i o n s and tha t o ther s p e c i e s are dominant where 
the mineral content i s h i g h . 

The d i s t r i b u t i o n of M.ater in the va r ious m i c r o h a b i t a t s 
a l s o conf i rm the view that B lanket Bog cannot be c o n s i d e r e d 
as a homogenous area in regard to M.ater p o p u l a t i o n s . In Table 
15 the October and November samplings show a s i g n i f i c a n t l y 
h igher number of M.ater in the Eriophorum l i t t e r and mixed 
l i t t e r cores ( P < 0 . 0 1 ) , than in the Sphagnum and C a l l u n a c o r e s . 
The March, A p r i l and December, January sampling do not show 
any s i g n i f i c a n t d i f f e r e n c e s , but in both cases popula t ions 
recorded are h i g h e s t in the Eriophorum c o r e s . The mixed l i t t e r 
cores show a high populat ion in March and A p r i l , but 
the numbers that were recorded in December and January 
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were low, t h i s i t i s thought may j u s t be due to the inherent 
v a r i a b i l i t y i n a core c l a s s i f i c a t i o n such as *mixed*. When 
the d i f f e r e n c e s between the populations i n the d i f f e r e n t 
core types are considered over the whole sampling period 
Eriophorum cores c o n t a i n s i g i n i f i c a n t l y more M.ater l a r v a e 
than e i t h e r the Sphagnum or C a l l u n a cores (P-^.O.Ol). The 
m o r t a l i t i e s , or movements of l a r v a e from one microhabitat 
to another, o c c u r r i n g over the whole sampling period are 
given i n Table 15 and a l s o i n d i c a t e t h a t Eriophorum l i t t e r as 
the most favoured m i c r o h a b i t a t . (A s i m i l a r preference f o r 
c e r t a i n m i c r o h a b i t a t s w i t h i n the Bog was shown by Hale (1966) 
f o r two s p e c i e s of Collembola.) 

I t may be t h a t t h i s s e l e c t i o n a g a i n s t puite C a l l u n a and 
Sphagnum l i t t e r a r e a s are r e l a t e d to the u n s u i t a b i l i t y of the 
m a t e r i a l as a food source or to v a r i a t i o n s i n microclimate. 
That 3 d i s t i n c t microclimates e x i s t r e l a t i v e to C a l l u n a , 
Eriophorum and Sphagnum has been shown by the recording made 
using a Grant recorder and temperature s e n s i t i v e probes i n the 
v a r i o u s m i c r o h a b i t a t s as part of the I.B.P, work on the Syke 
H i l l s i t e a t Moor House (Smith 1973), The r e l a t i o n s h i p s 
between the m i c r o h a b i t a t s (based on mean weekly temperatures) 
are quite complex and a l t e r a t d i f f e r e n t phases of the s e a 
sonal temperature v a r i a t i o n . Comparing the three probes, 
C a l l u n a l i t t e r at a depth of 1.0 cm, Eriophorum l i t t e r at a 
depth of 1.0 cm and Sphagnum at a depth of 0.5 cm, the maxi
mum v a r i a t i o n occurs i n the summer with the Eriophorum approx. 
2*̂ C warmer than the C a l l u n a and Sphagnum a r e a s . The Sphagnum 
warms up quickest i n s p r i n g , but i s over—taken i n about June 
by the Eriophorum. The C a l l u n a remains c o l d e s t f o r approx. 
9 months of the year but the Eriophorum and Sphagnum l i t t e r s 
c ool q u i c k l y i n autumn, the Eriophorum running at about the 
same temperature as the C a l l u n a during the winter months 
and the Sphagnum becoming the c o l d e s t of the 3 l i t t e r s from 
October t i l l January. 

Standen (Moor House Annual Report No, 13 and p e r s . comm.) 
has shown that E n c h y t r a e i d worms, the other main d e t r i t u s 
feeders i n the Blanket Bog, grow b e t t e r when feeding on 
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Eriophorum and C a l l u n a l i t t e r s than on Sphagnum l i t t e r and 
a n a l y s i s done by the Chemical S e c t i o n a t the Merlewood Research 
S t a t i o n (Nature Conservancy) on l i t t e r c o l l e c t e d i n A p r i l 
1972, has shown the l i t t e r s to have the f o l l o w i n g Carbon to 
Nitrogen r a t i o s : Eriophorum 31.5, C a l l u n a 35.1, Sphagnum 
85.9. T h i s very low nitrogen content i n d i c a t e s the Sphagnum as 
a poor food source, and i t may be that i t i s the combination 
of the b e t t e r q u a l i t y of the Eriophorum l i t t e r and the warmer 
environment around the tussock t h a t encourages the aggregation 
or s u r v i v a l of l a r v a e around them. 
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6. RESPIRATION AND CALORIMETRIC STUDIES 

6.1 As i n the previous s t u d i e s on M.ater no assessment 
has been made of annual production i t was thought worth
while, with s e v e r a l years data now a v a i l a b l e to c a l c u l a t e 
t h i s at both a Blanket Bog s i t e and a t y p i c a l Juncus s i t e . 
I t was hoped t h a t the f i g u r e s obtained could then be com
pared with each other, with those a v a i l a b l e f o r other s p e c i e s 
at Moor House, and with the f i g u r e s and con c l u s i o n s of 
McNeil and Lawton (1970) i n t h e i r paper on the annual pro
duction and r e s p i r a t i o n of animal populations. 

The two s i t e s s e l e c t e d f o r d e t a i l e d examination were the 
Blanket Bog s i t e a t Bog End and the Peaty S l e y s i t e , a 
Juncus squarrosus dominated s i t e nearby. Horobin (1971) 
g i v e s f u l l age s p e c i f i c l i f e t a b l e s f o r these two s i t e s 
over the periods 1966-1970 f o r the Bog and 1963-1970 f o r 
the Gley and a l s o l e f t d e t a i l s of mean l a r v a l weights a t each 
stage, and f i g u r e s i n d i c a t i n g a mean wet weight to dry weight 
r a t i o of 4.9:1 f o r the l a r v a l s t a g e s . Tables 16 and 17 give 
the average populations , the mean weights, the numbers dying 
and the turnover at each stage f o r the two s i t e s over the 
s p e c i f i e d periods. 

In order to convert the turnover d e t a i l s i n t o f i g u r e s 
f o r production i t was necessary to determine values f o r the 
r e s p i r a t i o n of M.ater and a l s o the c a l o r i f i c value of M.ater 
t i s s u e . 

6 ,2 R e s p i r a t i o n Techniques and R e s u l t s 

To make a completely a c c u r a t e c a l c u l a t i o n of the annual 
r e s p i r a t i o n of M.ater i t would be necessary to determine the 
r e s p i r a t o r y l e v e l f o r each l i f e stage a t f i e l d temperatures. 
T h i s has not been p o s s i b l e w i t h i n the l i m i t s of t h i s study, 
both on the grounds of time a v a i l a b l e and equipment r e q u i r e d . 
I t was, t h e r e f o r e , decided to estimate the r e s p i r a t o r y r a t e 
of the i n s t a r I I l a r v a e and the i n s t a r IV l a r v a e a t tempera
t u r e s approximating to the mean f i e l d temperature experience 
of these s t a g e s , and to consider r e s p i r a t i o n of i n s t a r I 
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l a r v a e and eggs at the i n s t a r I I r a t e and i n s t a r I I I l a r v a e 
and pupae at the i n s t a r IV r a t e . R e s p i r a t i o n of the a d u l t s 
has not been considered as i t i s thought that due to the short 
duration of t h i s phase i t would be n e g l i g i b l e . 

The f i g u r e s given a r ^ s near a c c u r a t e as could be obtained 
without a very l a r g e involvement i n t h i s p a r t of the p r o j e c t 
and a r e thought to give a worthwhile b a s i s f o r comparison w i t h 
other s p e c i e s . 

The r e s p i r a t i o n r a t e s of the i n s t a r I I and i n s t a r IV 
l a r v a e were estimated by d i f f e r e n t techniques. The i n s t a r 
IV l a r v a e were considered l a r g e enough to be handled i n 
the Warburg manometer, w h i l s t f o r the i n s t a r I I l a r v a e i t 
was necessary to use the C a r t e s i a n Diver technique, Klekowski 
(1967), to o b t a i n c o n s i s t e n t r e s u l t s . The s e n s i t i v i t y of 
the Warburg was i n c r e a s e d by the use of s m a l l f l a s k s (10 ml), 
and the volume of these was f u r t h e r reduced to about 5 ml 
by part f i l l i n g them w i t h g l a s s beads of known s p e c i f i c 
g r a v i t y . These beads served a dual purpose as they a l s o 
encouraged the l a r v a e to s e t t l e w h i l s t i n the respirometer, 
20 l a r v a e were placed i n each f l a s k on each o c c a s i o n . The 
l a r v a e were group weighed on an e l e c t r o - m i c r o b a l a n c e and 
a l l had been a c c l i m a t i z e d f o r 4 days previous at the tempera
t u r e of the run. Two temperatures 10 and 5*̂ C were used and 
these were kept constant t o + O.l^C by immersion of the f l a s k s 
i n a t h e r m o s t a t i c a l l y c o n t r o l l e d water bath. Thirty-two 
f l a s k s each c o n t a i n i n g 20 l a r v a e were run a t 10°C and 12 
f l a s k s a t 5°C. 

With the i n s t a r I I l a r v a e i n the C a r t e s i a n Diver i t was 
p o s s i b l e to measure the r e s p i r a t i o n of i n d i v i d u a l l a r v a e . A 
s i n g l e temperature of 10+ 1*̂ C was used and the l a r v a e were 
again weighed on the e l c t r o - m i c r o b a l a n c e and had been a c c l i 
matised to the run temperature f o r 4 days. Diver c a p a c i t y 
was between 4.5 and 7.0 p. l i t r e s and the r e s p i r a t i o n of 10 
i n d i v i d u a l l a r v a e was measured. 

The r e s u l t s obtained by these two techniques are given i n 
Table 18. 
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Table 18 

R e s p i r a t i o n of M.ater l a r v a e i n 11102/g/hr. + S.E, 

Temperature °C 

I n s t a r 10 Technique 

I n s t a r 
I I 

l a r v a e 
347 
+ 8 

C a r t e s i a n 
Diver 

I n s t a r 
IV 

l a r v a e 
98+4 152 

+6 
Warburg 
Manometer 
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6.3 CALORIMETRY 

The c a l o r i f i c value of M.ater was determined usi n g a 
micro-bomb c a l o r i m e t e r of the type described by P h i l l i p s o n 
(1964). 

Here again i t was not p o s s i b l e to a s s e s s the c a l o r i f i c 
value of each l i f e stage and the f i g u r e t h a t has been obtained 
has been based s o l e l y on i n s t a r IV l a r v a e . The c o l l e c t i o n 
of m a t e r i a l f o r t h i s study took c o n s i d e r a b l e time as popu
l a t i o n s were low and i t was necessary t o e x t r a c t sods J metre 
sq., taken from a s i t e adjacent to the 1900 f t . Dun F e l l , 
i n l a r g e B e r l e s e f u n n e l s over s e v e r a l weeks i n order to ob t a i n 
s u f f i c i e n t m a t e r i a l . For the s m a l l e r l a r v a l s tages no bulk 
e x t r a c t i o n technique i s a v a i l a b l e and the time r e q u i r e d t o 
c o l l e c t s u f f i c i e n t m a t e r i a l was ou t s i d e the scope of t h i s 
study. 

The e x t r a c t e d l a r v a e were washed and then d r i e d to con
s t a n t weight a t 80°C, and then s t o r e d over a d e s s i c a n t . The 
t o t a l m a t e r i a l was ground and thoroughly mixed, then made 
in t o p e l l e t s i n the weight range 18 to 28 mgs. and weighed on 
an electro-microtolance. 

Each weighed p e l l e t was placed i n the sample holder of 
the bomb and an approximately 3 cm length of platinum w i r e 
was used t o J o i n the two t e r m i n a l s and arranged so as to pre s s 
a g a i n s t the p e l l e t . The two h a l v e s of the bomb were screwed 
together and the bomb p r e s s u r i z e d t o 30 atmospheres w i t h 
oxygen. Then the bomb was cooled i n running water, d r i e d w i t h 
t i s s u e , s eated i n the copper r i n g of the stand and the leads 
to the f i r i n g c i r c u i t connected. A s t a i n l e s s s t e e l j a c k e t 
was placed over the whole assembly. 

The recording system was switched on and i f the c o o l i n g 
of the bomb had been of the c o r r e c t order a constant reading 
was soon obtained. When t h i s e q u i l i b r i u m was reached the 
bomb was f i r e d . The potentiometer recorded the heat r i s e i n 
the bomb v i a the thermocouples and when co o l i n g became apparent 
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t h e o p e r a t i o n was stopped and t h e maximum r e a d i n g was t h e n 
compared w i t h t h e p o t e n t i o m e t e r r e a d i n g s o b t a i n e d by b u r n i n g 
p e l l e t s o f benzoic a c i d o f known c a l o r i f i c v a l u e and t h e 
c a l o r i f i c v a l u e of t h e M.ater p e l l e t c a l c u l a t e d . Ten be n z o i c 
a c i d p e l l e t s were b u r n t t o c a l i b r a t e t h e p o t e n t i o m e t e r and 
7 M.ater p e l l e t s b u r n t gave t h e c a l o r i f i c v a l u e s g i v e n i n 
Table 19. 
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Ta b l e 19 

The c a l o r i f i c v a l u e s o f 7 M.ater p e l l e t s 

P e l l e t Wt. o f p e l l e t C a l s . i n C a l s . per 
No. mgs, p e l l e t gram. 

1 24.40 135.6 5558 

2 20.50 109.0 5319 

3 21.65 122.7 5668 

4 27.25 146.3 5369 

5 29.35 160.5 5467 

6 18.50 96.9 5237 

7 27.20 148.5 5461 

Mean C a l o r i f i c Value Per Gram = 5440+51 
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6.4 Energy Budgets 

The mean a n n u a l p r o d u c t i o n f i g u r e s as c a l c u l a t e d i n 
Tables 16 &, 17 are g i v e n i n Table 20 b o t h as wet and 
dr y w e i g h t s f o r b o t h s i t e s . A l l t h e s e f i g u r e s a r e based 
on c a l c u l a t i o n s i g n o r i n g t h e a d u l t s t a g e , and assuming t h e 
i n s t a r IV l a r v a t o be t h e f i n a l l i f e s t a g e . As l i t t l e i f 
any g r o w t h t a k e s p l a c e between t h e f i n a l l a r v a l measurement 
i n A p r i l , and t h e a d u l t emergence i n l a t e May and e a r l y 
June and t h e r e a r e c o n s i d e r a b l e l o s s e s w h i c h would be d i f f i 
c u l t t o measure, e.g. l a r v a l and p u p a l e x u v a i e , i t i s 
t h o u g h t t h a t t h i s method g i v e s t h e b e s t e s t i m a t e t h a t can 

2 
be e a s i l y o b t a i n e d . The p r o d u c t i o n f i g u r e s g i v e n i n kcals/m 
have been c a l c u l a t e d u s i n g t h e a n n u a l d r y w e i g h t p r o d u c t i o n 
f i g u r e s and t h e c a l o r i f i c v a l u e f o r M.ater o b t a i n e d by t h e 
bomb c a l o r i m e t e r method p r e v i o u s l y d e s c r i b e d . 

To o b t a i n f i g u r e s f o r a n n u a l r e s p i r a t i o n i t was neces
s a r y t o c a l c u l a t e t h e biomass p r e s e n t a t each l i f e s t a g e 
i n grams. T h i s was done u s i n g t h e f i g u r e g i v e n i n T a b l e 16 o r 17 
f o r t h e average p o p u l a t i o n a t each stage t i m e s t h e mean 
wet w e i g h t o f t h a t s t a g e . The biomass was t h e n m u l t i p l i e d 
by t h e d u r a t i o n o f t h e s t a g e i n hours and by t h e f i g u r e 
p r e v i o u s l y o b t a i n e d o r assumed f o r r e s p i r a t i o n o f t h a t 
s t age i n 11102/g/hr. The t o t a l f o r a l l t h e l i f e s t a g e s i n 
one g e n e r a t i o n i s t h e f i g u r e g i v e n as t h e a n n u a l r e s p i r a t i o n . 

2 
T h i s f i g u r e has been c o n v e r t e d t o kcals/m by m u l t i p l i c a t i o n 
by t h e o x y c a l o r i f i c e q u i v a l e n t . The f i g u r e assumed i n t h i s 
s t u d y i s 4.775 k c a l s / l i t r e 0^, t h e f i g u r e g i v e n by H e i l b r u n n 
(1947) f o r g e n e r a l d e t r i t u s f e e d e r s . 

6.5 D i s c u s s i o n 
From t h e f i g u r e s i n Table 20 a n n u a l p r o d u c t i o n a t t h e 

Peaty Gley Juncus s i t e appears t o r u n a t about t h r e e t i m e s 
t h a t on t h e B l a n k e t Bog. Over t h e p a s t s i x years however, 
th e p o p u l a t i o n s on t h e Bog have remained f a i r l y c o n s t a n t , 
w h i l s t on t h e Juncus s i t e s , p a r t i c u l a r l y i n t h e 1970-71 and 
1971-72 seasons (which have n o t been c o n s i d e r e d i n t h e 
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Table 20 

The annual production and r e s p i r a t i o n f o r M.ater, 

c a l o r i f i c e q u i v a l e n t 5,440 c a l per gram dry weight, oxy-

c a l o r i f i c e q u i v a l e n t 4.775 K c a l s / l i t r e oxygen, on two s i t e s 

a t Moor House. 

SITE 
Years 

Mean annual 
product ion 

Wet weight 

Dry weight 

Kcals/m^ (P ) 

PEATY GLEY 
1963/70 

3.10 g/m 

0.53 g/m' 

2.883 

BLANKET BOG 
1966-70 

0.88 g/m 

0.15 g/m" 

0.816 

Mean annual 
r e s p i r a t i o n 

lOg/m^ 

Kcals/m^ (R) 

1.664 

7.946 

0.459 

2.192 

A s s i m i l a t ion 

(P + R) = A 
Kcals/m^ (R) 

10.829 3.008 

P X 100 26.62 27.13 
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determination of mean annual production) c o n s i d e r a b l e f l u c t u 
a t i o n s have occurred. I t seems l i k e l y t h a t i n some years 
production may be reduced by up to 50%, whereas on some 
Juncus s i t e s , e.g. 1900 f t . Dun F e l l and Peaty Podsol, which 
have been known to support very high populations, production 
i n some seasons may run at double t h a t of the mean annual 
estimate given f o r the Gley s i t e . 

Standen (1973 ) i n a study of the production and 
r e s p i r a t i o n of the e n c h y t r a e i d population on the Blanket Bog 
at Moor House has estimated the annual production a s between 2 
10-13 kcals/m . As e n c h y t r a e i d s a r e the other main d e t r i t u s 
f e e ders i n a s s o c i a t i o n w i t h M.ater on both the Bog and Juncus 
s i t e s , w i t h a production i n excess of 12 times that of 
Molophilus, they must be considered the major c o n t r i b u t o r to 
t h i s part of the energy c y c l e on the Bog. S'he annual r e s p i r a 
t i o n of the. e n c h y t r a e i d population was estimated as around 

2 
60 kcals/m and Standen noted t h a t t h i s gave the population 
an extremely low production e f f i c i e n c y (P/A x 100), 17.2 
i n the 1968-69 season, and 14.1 i n the 1969-70 season. She 
considered t h i s to be due to the l i f e h i s t o r y of the 
en c h y t r a e i d where no egg stage i s in v o l v e d and m u l t i p l i c a t i o n 
i s by segmentation and t h a t t h i s method of reproduction 
g r e a t l y reduced the energy c o s t to production. 

The production e f f i c i e n c y a t both the Juncus and the 
Bog s i t e s are a l s o very low when compared w i t h the f i g u r e s 
given by McNeil and Lawton (1970) f o r the r e l a t i o n s h i p of 
annual production (P) to production e f f i c i e n c y (P/A x 100). 
They i n d i c a t e t h a t at the lower production l e v e l s the pro
duction e f f i c i e n c i e s of comparatively s h o r t l i v e d poikiotherms 
are markedly i n c r e a s e d . T h i s they suggest may be due to 
e i t h e r to an attempt to compensate f o r r e s t r i c t e d t o t a l annual 
production or may be caused by d i f f e r e n c e s i n l i f e h i s t o r i e s . 
I n r e l a t i o n t o the l a t t e r they point out th a t most compara
t i v e l y s h ort l i v e d p o i k i lotherms w i t h a log ̂ QP below O 
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above 
o v e r w i n t e r as eggs and t h a t those w i t h log-j^QP^O o v e r w i n t e r 

as j u v e n i l e s o r a d u l t s . At Bog End, however, t h e s i t u a t i o n 

i s t h a t two p o p u l a t i o n s l i v e a d j a c e n t t o one another, one, 

t h e Bog w i t h a log^^QP o f T .9117 and t h e o t h e r , t h e Gley w i t h 

a log-j^Q? 0.4599. At b o t h these s i t e s t h e l i f e c y c l e i s t h e 

same w i t h M.ater o v e r w i n t e r i n g as t h e i n s t a r IV l a r v a e and i t 

i s t h o u g h t t h a t i t i s t h e continuance o f r e s p i r a t i o n i n t h i s 

s t a g e d u r i n g t h e w i n t e r when p r o d u c t i o n i s near zero t h a t i s 

r e s p o n s i b l e f o r t h e low p r o d u c t i o n e f f i c i e n c i e s r e c o r d e d . Pro

d u c t i o n e f f i c i e n c i e s a t t h e two s i t e s are s i m i l a r , and the 

d i f f e r e n c e s i n p r o d u c t i o n a t these two s i t e s would appear t o be 

due merely t o t h e i n h e r e n t d i f f e r e n t n a t u r e s o f t h e s i t e s and 

t h e i r a b i l i t y t o s u p p o r t p o p u l a t i o n s o f d i f f e r e n t s i z e s . 
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SUMMARY 

1. P o p u l a t i o n s t u d i e s on M.ater a t t h e Moor House N a t i o n a l 
Nature Reserve, Westmorland, have been c o n t i n u e d . T h i s 
s t u d y c o v e r s t h e p e r i o d June 1970 t o August 1973, and data 
a r e now a v a i l a b l e f o r e i g h t c o n s e c u t i v e years on two s i t e s 
and f i v e c o n s e c u t i v e years on s i x o t h e r s i t e s . 

2. A sharp d e c l i n e i n p o p u l a t i o n s on t h e Juncus s q u a r r o s u s 
moor has been r e c o r d e d w i t h s i t e p o p u l a t i o n s r u n n i n g a t 
between 3 and 50% o f t h e i r pre-1970 l e v e l s . A s i n g l e b l a n k e t 
bog s i t e under s t u d y d i d not s u f f e r a s i m i l a r d e c l i n e . Mor
t a l i t y on t h e Juncus s i t e s has not been a t t r i b u t a b l e t o any 
s i n g l e f a c t o r , b u t has o p e r a t e d a t d i f f e r e n t s t a g e s a t d i f f e r 
ent s i t e s . Egg, f i r s t and second i n s t a r m o r t a l i t y has been 
h i g h and t h i s may have been due t o e x c e p t i o n a l l y low r a i n f a l l 
i n May 1970 and J u l y 1971, d e s s i c a t i o n i s known t o be a 
cause of m o r t a l i t y i n t h e s e e a r l y s t a g e s . M o r t a l i t y i n 
t h e pupation-emergence s t a g e has a l s o a c t e d a t an e x c e p t i o n a l 
l e v e l on some s i t e s and on one s i t e t h e r e i s evidence o f 
almost complete f a i l u r e t o pupate and l a r v a e s t i l l s u r v i v i n g 
i n t h e f o u r t h i n s t a r w e l l a f t e r t h e normal emergence d a t e . 

3. P r e v i o u s s t u d i e s had shown M.ater t o m a i n t a i n r e m a r k a b l y 
c o n s t a n t p o p u l a t i o n s f r o m year t o year and H o r o b i n had shown 
d e n s i t y dependant f a c t o r s a t work i n p o p u l a t i o n r e g u l a t i o n . 
The p r e s e n t s t u d y however i n d i c a t e s t h a t M.ater , l i k e many 
o t h e r moorland a n i m a l s , i s s u b j e c t t o p e r i o d i c d e c l i n e s , and 
i t i s t h o u g h t t h a t t h e v a r i a b i l i t y o f t h e moorland c l i m a t e i s 
t h e major f a c t o r r e s p o n s i b l e . 

4. A s t u d y o f M.ater p o p u l a t i o n s over t h e b l a n k e t bog has 
shown t h a t t h e s p e c i e s i s e x t e n s i v e i n i t s coverage o f t h i s 
h a b i t a t , b u t v a r i a t i o n s i n s p r i n g f o u r t h i n s t a r p o p u l a t i o n s 
i n t h e range 200-35 per sq. metre were r e c o r d e d on 6 s i t e s 
i n 1971. An i n v e s t i g a t i o n o f l a r v a l d i s t r i b u t i o n r e l a t i v e t o 
m i c r o h a b i t a t s w i t h i n t h e bog has shown Eriophorum vaginatum 
l i t t e r areas t o be p r e f e r e d t o Sphagnum or C a l l u n a l i t t e r . 
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5. The r e l a t i o n s h i p between p u p a l d u r a t i o n and t e m p e r a t u r e 
has been i n v e s t i g a t e d a t t e m p e r a t u r e s c o r r e s p o n d i n g t o those 
p r e v a i l i n g i n t h e f i e l d . At t e m p e r a t u r e s below 10°C p u p a l 
d u r a t i o n i s shown t o be p r o l o n g e d i n c r e a s i n g l y by decrease i n 
t e m p e r a t u r e . As mean s o i l t e m p e r a t u r e i n t h e f i e l d i n May 
may v a r y between s i t e s by as much as 2°C and a d e l a y i n 
p u p a t i o n i n t h e o r d e r of 6 days f o r every 1°C i s i n d i c a t e d 

i t seems l i k e l y t h a t i n c r e a s e i n p u p a l d u r a t i o n c o n t r i b u t e s 
s u b s t a n t i a l l y t o t h e observed d i f f e r e n t emergence da t e s 
between s i t e s . 

6. S t u d i e s on t h e development o f f o u r t h i n s t a r l a r v a e towards 
p u p a t i o n r e l a t i v e t o phot©period and t e m p e r a t u r e have shown 
t h a t a s h o r t d a y l e n g t h i n h i b i t s p u p a t i o n b u t t h a t a tempera
t u r e t h r e s h o l d o f between 5-6°C a l s o e x i s t s . Larvae t a k e n 
i n November and December 1971 f a i l e d t o pupate i n a s h o r t 
day (6 h o u r ) p h o t o p e r i o d even a t 10°C w h i l s t l a r v a e t a k e n 
a t t h e same t i m e but k e p t i n 18 hours d a y l i g h t d i d pupate. 
Larvae t a k e n i n l a t e January, 1972 d i d however re a c h p u p a t i o n 
i n b o t h 6 and 18 hour p h o t o p e r i o d s a t 10*^C. I t i s t h o u g h t 
t h a t t h e s e l a r v a e must a l l have r e c e i v e d t h e r e q u i r e d day-
l e n g t h t o s t i m u l a t e development w h i l s t i n t h e f i e l d s i t u a t i o n 
The l a r v a e i n t h e 18 hour p h o t o p e r i o d d i d however pupate 
sooner t h a n those i n t h e 6 hour p h o t o p e r i o d , i n d i c a t i n g t h a t 
d a y l e n g t h i s s t i l l i n f l u e n c i n g development a t t h i s s t a g e . 
From t h i s s t a g e on l a r v a e appeared t o accumulate t h e l i g h t 
e f f e c t as l i g h t was a v a i l a b l e t o them, up u n t i l 24 A p r i l 1972 
when d a y l e n g t h ceased t o have an e f f e c t on t i m e t a k e n t t o 
pupate and development t o p u p a t i o n appeared t o be t e m p e r a t u r e 
dependant. 

7. Data on t h e r e s p i r a t i o n and c a l o r i f i c v a l u e o f M.ater 
have been c o l l e c t e d and have been used a l o n g w i t h d e t a i l s 
o f p o p u l a t i o n s t o assess annua l p r o d u c t i o n , r e s p i r a t i o n and 
a s s i m i l a t i o n on b o t h a b l a n k e t bog and a t y p i c a l Juncus s i t e 
The low p r o d u c t i o n e f f i c i e n c i e s g i v e n by t h e s e f i g u r e s 
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was t h o u g h t t o be due t o t h e h i g h r e s p i r a t o r y l o s s caused 
by o v e r w i n t e r i n g as f o u r t h i n s t a r l a r v a e . 
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APPENDIX I The Sample S i t e s 

The Moor House S i t e s 

The three s i t e s i n t h i s group had a l l been p r e v i o u s l y 
used and described by Hadley (1966) and Horobin (1971). 

(1) The Peaty Gley S i t e (iSOa, 549m) 

T h i s i s a l e v e l , s l i g h t l y f l u s h e d s i t e where the 
dominant plant i s Juncus squarrosus. I t i s s i t u a t e d a t 
the end of the old mining t r a c k to Bog End and has been 
used i n many e c o l o g i c a l s t u d i e s a t Moor House. Between 
the Juncus r o s e t t e s there a r e clumps c o n t a i n i n g Carex spp. 
Deschampsia f l e x u o s a , F e s t u c a ovina, and P o l y t r i c h i u m com
mune . Herbs and l i c h e n s are r a r e but the s i t e supports a 
r i c h v a r i e t y of bryophytes. M.ater has now been s t u d i e d on 
t h i s s i t e f o r 8 consecutive y e a r s . 

(2) The Peaty Podsol S i t e (1820», 555m) 
On t h i s s i t e the mineral s o i l i s covered by only a 

t h i n l a y e r of peat, v a r y i n g between 6 and 20 cms i n t h i c k n e s s 
The s i t e s l opes S.S.E. a t an angle of approximately 7°. 
Juncus squarrosus i s again dominant and Fes t u c a ovina and 
P o l y t r i c h i u m commune common. 

The s i t e i s c h a r a c t e r i s e d by the presence of Nardus 
s t r i c t a , being i n d i c a t i v e of the d r i e r and more mineral 
s u b s t r a t e of t h i s s i t e . I t has a l s o been s t u d i e d f o r 8 
consecut i v e y e a r s . 

(3) The Blanket Bog S i t e (1840* 561m) 

Blanket Bog comprises the major v e g e t a t i o n type a t 
Moor House. T h i s s i t e i s l e v e l and s i t u a t e d adjacent to the 
Peaty Gley s i t e a t Bog End. Ca l l u n a v u l g a r i s i s dominant. 
Sphagnum spp. and Eriophorum vaginatum tussocks have a high 
cover v a l u e . Eriophorum a n g u s t i f o l i u m i s a l s o present. The 
M.ater population on t h i s s i t e have been s t u d i e d f o r 6 years. 
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The Dun F e l l S i t e s 
: up 

These f i v e s i t e s were set'and have been p r e v i o u s l y 
described by Horobin (1971). They are r e f e r r e d to by 
t h e i r a l t i t u d e . 
(1) 1400' s i t e (427m) 

A s i t e dominated by J.squarrosus with a slope of 
approximately 3° to the west, i t a l s o supports F e s t u c a spp. 
and Vaccinium m y r t h i l l u s and i n one corner which i s r a t h e r 
wet Juneus e f f u s u s and Sphagnum spp, M.ater has been s t u d i e d 
f o r 4 y e a r s . 

( 2 ) 1700' s i t e (518m) 

A l e v e l s i t e dominated by J.squarrosus. I t i s much the 
wettest of the Dun F e l l s i t e s and f r e q u e n t l y s u f f e r s water 
logging due to impeded drainage. Other common p l a n t s p e c i e s 
are E.angustifolium, V . m y r t i l l u s , Empetrum n i g r u m , P o t e n t i l i a 
e r e c t a , Iblytrichium commune and Sphagnum spp. 

The s i t e has been s t u d i e d f o r 5 y e a r s . 

(3) 1900' s i t e (579m) 

A w e l l drained l e v e l s i t e with a very uniform cover of 
J.squarrosus, V . m y r t i l l u s and F e s t u c a spp- a r e a l s o p r e s e n t . 
T h i s s i t e supports a high d e n s i t y of T i p u l a subnodicornis 
I t has been s t u d i e d for 5 consecutive y e a r s . 

(4) 2050' s i t e (625m) 

T h i s s i t e i s i n c l i n e d at about 5° to the north west 
and has an a l l u v i a l s o i l u n d e r l a i d by g r a v e l in p l a c e s . I t 
i s consequently w e l l drained. 

The v e g e t a t i o n here i s d i s t i n c t l y d i f f e r e n t from the 
other 4 s i t e s and i t was chosen by Horobin (1971) as no s u i t 
a b l e J.squarrosus s i t e could be found around t h i s a l t i t u d e . 

Deschampsia c e s p i t o s a and Holcus l a n a t u s were dominant 
together with Gallium s a x a t i l e , Potent i l i a e r e c t a , Ranunculus 
a c r i s and P o l y t r i c h i u m commune. The s i t e has been s t u d i e d 
f o r 5 y e a r s . 
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(5) 2700' s i t e (823m) 

A l e v e l s i t e dominated by J.squarrosus and the highest 
a t which M.ater has been s t u d i e d . E.vaginatum and E. 
angustifoliim are common, and the l a t t e r has been i n c r e a s i n g 
over the l a s t few years now forming an almost pure b e l t 
a c r o s s the s i t e . 

The s i t e i s s h e l t e r e d to the north and e a s t by the 
summit of Gt. Dun F e l l and has been s t u d i e d f o r 5 y e a r s . 
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APPENDIX I I 
L i f e Tables f o r M.ater 1970-72 

The l i f e t a b l e s comprise of the usual three colums: 

1 numbers l i v i n g per sq. metre 

d numbers dying per sq. metre. 

lOOq percentage m o r t a l i t y . 
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The Peaty Podsol S i t e 

1970-71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 

Egg June 52650 23220 
I n s t a r I J u l y 49450 93.9 21916 94.4 
I n s t a r I I August 3200 

815 25.5 I n s t a r I I I Sept. 2385 815 25.5 1304 
I n s t a r IV Nov./Dec. 2131 254 10.6 822 482 37 .0 

I n s t a r IV Mar./April 1523 608 28.5 557 265 32.2 

Adults May/June 1210 313 20.6 375 182 32.7 

Adult 99 May/June 270 940 77 .7 145 230 61.1 

Adult 9 (93) May/June 250 20 7.5 111 34 23 .4 

1972-73 

Egg June 10300 
I n s t a r I J u l y 9146 88.8 
I n s t a r I I August 1154 
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THE PEATY GLEY SITE 

1970-71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 
Egg June 214120 11570 

I n s t a r I J u l y 19520 91 .1 
10870 93.9 

I n s t a r I I Aug. 1900 
440 23.2 

I n s t a r I I I Sept. 1460 229 15.7 700 44 6.3 
I n s t a r IV Nov/Dec 1231 656 

231 18.8 216 34.0 
I n s t a r IV Mar/April 1000 440 

110 11.0 0 0 
Adults May/June 890 440 

760 85.4 325 73.9 
Adult 99 May/June 130 115 

34 26.1 29 25.2 
Adult 9 (120) May/June 96 86 

Egg 

I n s t a r I 

I n s t a r I I 

June 

J u l y 

August 

10350 

624 

9626 93.0 
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THE BLANKET BOG SITE 

1970-71 1971-72 

Stage Time 1 d lOOq 1 
Egg June 8342 3320 

I n s t a r I J u l y 7380 88.5 

I n s t a r I I August 962 
347 36.0 

I n s t a r I I I Sept. 615 692 
38 6.2 

I n s t a r IV Nov/Dec 577 353 

I n s t a r IV Mar/April 385 66.7 200 

Adults May/June 192 363 
152 79. 1 

Adult 1 ?9 May/June 40 
8 20.0 

Adulst 9 (104) May/June 32 

2628 

0 

lOOq 

79.2 

339 49.0 

0 
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1400 it. s i t e 

1970--71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 

Egg June 32704 28992 

I n s t a r I J u l y 30704 93.9 98.4 J u l y 
28542 98.4 

I n s t a r I I Aug. 2000 
769 38.4 

I n s t a r I I I Sept. 1231 450 Sept. 
77 6.3 113 25.1 

I n s t a r IV Nov/Dec 1154 337 
114 9 .9 

I n s t a r IV Mar/April 1O40 144 154 45.7 
0 0 

Adults May/June 1040 183 
739 71.1 108 59.0 

Adult 99 May/June 301 75 May/June 
42 10.6 22 29.2 

Adult 9 (112) May/June 259 53 

Egg 

I n s t a r I 

I n s t a r I I 

1972-73 

June 

J u l y 

Aug. 

5925 

654 

5271 89.0 
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1700 f t . s i t e 

1970-71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 

Egg June 36848 18750 

I n s t a r I J u l y 34384 93.3 J u l y 
17966 95.8 

I n s t a r I I Aug. 2464 
1118 45.4 

I n s t a r I I I Sept. 1346 784 Sept. 
0 0 79 10.1 

I n s t a r IV Nov/Dec 1346 705 
154 11.4 230 32.6 

I n s t a r IV Mar/April 1192 475 
602 50.5 32 6.7 

Adults May/June 590 443 
340 57.6 302 68.2 

Adult 99 May/June 250 141 
64 25.6 20 14.2 

Adult 9 (101) May/June 186 121 

1972-73 

Egg June 

I n s t a r I J u l y 

I n s t a r I I Aug. 

12267 

877 

11390 92.8 
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1900 f t . s i t e 

1970-71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 

Egg June 102912 8910 

I n s t a r I Ju l y 98512 95.7 
8126 91.2 

I n s t a r I I Aug. 4400 
1588 36.1 

I n s t a r I I I Sept. 2812 784 
296 10.5 79 10.1 

I n s t a r IV Nov/Dec 2516 705 
401 15,9 230 32.6 

I n s t a r IV Mar/April 2115 475 
1815 85.8 265 55.8 

Adults May/June 300 210 
190 63.3 136 64.7 

Adult 99 May/June 110 74 
19 17.3 18 24.3 

Adult 9 (98) May/June 91 56 

1972-73 

Egg 

I n s t a r I 

I n s t a r I I 

June 

J u l y 

Aug. 

5476 

100 

5376 98.1 
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2050 f t . s i t e 

1970-71 1971-72 

Stage Time 1 ^ lOOq 1 d lOOq 
Egg June 35937 92.6 6050 

I n s t a r I J u l y 33287 93 .8 5678 
I n s t a r I I Aug 2650 Aug 

1050 39.6 
I n s t a r I I I Sept. 1600 278 Sept. 

62 3.9 0 0 
I n s t a r IV Nov/Dec 1538 372 

307 20.0 178 47.8 
I n s t a r IV Mar/April 1231 193 

1136 92.3 142 73.6 
Adults May/June 95 51 

40 42.1 35 68.6 
Adult 99 May/June 55 16 

8 14.6 5 31.2 
Adult 9 (129) May/June 47 11 

Egg 

I n s t a r I 

I n s t a r I I 

June 

J u l y 

Aug. 

1376 

144 

1232 90.4 
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2700 f t . s i t e 

1970-71 1971-72 

Stage Time 1 d lOOq 1 d lOOq 
Egg June 33335 14440 

I n s t a r I J u l y 30823 92.5 J u l y 
13932 96.5 

I n s t a r I I Aug. 2512 Aug. 
1012 40.3 

I n s t a r I I I Sept. 1500 508 Sept. 
269 17 .9 116 22.8 

I n s t a r IV Nov/Dec 1231 392 
311 25.3 272 69.3 

I n s t a r IV Mar/April 920 120 
260 28.2 88 73.3 

Adults May/June 660 32 
470 71.2 22 68.7 

Adult 99 May/June 190 10 
62 32.6 3 30.0 

Adult 9 (113) May/June 128 7 

1972-73 

Egg 

I n s t a r I 

I n s t a r I I 

June 

J u l y 

Aug. 

760 

L e s s 
than 
19 

741 97.5 
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APPENDIX I I I 
TABLES 
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Table A2 

The times, i n days, taken f o r the middle 68% of 
the adu l t emergence at the Moor House and Dun F e l l s i t e s 
1967-72. 

Y E A R 

S i t e 1967 1968 1969 1970 1971 1972 

1400 f t . - - 5.5 3.9 5.5 4.6 

1700 f t . 4.6 4.6 5.7 3.4 5.6 10.6 

1900 f t . - 4.8 7.6 3.4 5.1 5.9 

2050 f t . 9.0 5.2 6.4 5.2 6.9 12.1 

2700 f t . 4.5 6.0 5.2 2,7 7.4 2.3 

iZllx «•« 

Peaty Gley 4,4 6.0 5.4 7.6 5.4 

Blanket 6.6 6.5 - 9.1 9.1 
Bog 
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